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PAUL KARRER 


Dr. Paul Karrer, Director of the Chemical Institute of the Uni- 
versity of Zurich, was one of the distinguished foreign guests of the 
American Chemical Society at its Century of Progress meeting in 
Chicago last fall. Dr. Karrer has made notable contributions to 
our knowledge of the anthocyanins and the carotinotds and, in col- 
laboration with Euler, established the phystological relationship of 
alpha and beta carotene to vitamin A. He has isolated and purified 
vitamin A and has contributed toward the elucidation of its con- 
stitution. He has recently begun investigations on vitamin C. 

The above photograph was taken at Zurich in the summer of 
1932 by Dr. C. W. Foulk, of The Ohio State University, who has 
kindly permitted us the use of the film. 
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EDITOR’S OUTLOOK 


RUTH IN ADVERTISING. Some years ago, 
T when admiring a beautiful rural estate, we 

heard an anecdote which may possibly be 
apocryphal but which is none the less pointed. It 
appeared that the owner of the estate in question had 
founded his fortune by shrewd exploitation of a proprie- 
tary remedy. Once, when an acquaintance made the 
charge that the remedy was worth nothing, the owner 
is reported to have replied with a shrug that it had 
been worth twenty million to him. 


It is no secret that many of the proprietary remedies 
on the market today are of value only to their proprie- 
tors, and that some are actually deleterious. For many 
others which possess some merit highly exaggerated 
claims are advertised. The American Medical As- 
sociation has accumulated and published sufficient 
evidence along this line to make detailed discussion 
superfluous here. That the Association has not been 
overwhelmed by a deluge of successful libel actions 
would seem a sufficient proof of the truth of its charges. 

The defects of the present Pure Food and Drug Act 
are numerous and some of them should have been 
obvious when it was drawn. It is of little avail, for 
instance, to prohibit false and misleading labeling if 
false and misleading advertising is to go on unrestrained. 
We must not lose sight of the fact, however, that it was 
a stupendous achievement to place the law of 1906 
on the statute books at all. Few of us can now credit 
the abuses that then existed. That the operation of 
the pioneer law over a period of nearly thirty years can 
have demonstrated so clearly the need of supplemen- 
tary legislation is in itself a recommendation rather 
than acriticism. Few regulatory measures survive that 
long without convincing every one that we need less 
rather than more of them. 





A new bill which will come before the next Congress 
proposes to plug the loopholes in the present law. For 
one thing, it is the intention to put an end to irresponsi- 
ble advertising claims. For another, cosmetics are 
embraced along with foods and drugs. In 1906 cos- 
metics had achieved neither the fiscal nor the social 
standing that they enjoy today. There was perhaps 
some popular sentiment to the effect that anyone who 
suffered through their use experienced divine retribution 
for vanity. 

Despite the obvious merits of the proposed bill, 
it will undoubtedly meet with bitter and well-heeled 
opposition. Those who have made it a principle from 
youth never to give a sucker a break do not permit the 
escape of their natural prey without protest. Most 
of the objections already being raised are so palpably 
specious that one would think they must defeat their 
own ends. To think so, however, would be to ap- 
praise both the reasoning powers and the statesman- 
ship of our legislators rather optimistically. Public- 
spirited individuals and organizations will do well to 
offer some counter-attack to the assaults which a 
predatory and determined minority is already making 
upon the proposed measure. 





It is a far cry from the original 
| floorcloth patented by Nathan 
Smith in 1763 to the modern 
molded inlaid linoleum which is- 
sues from the machine pictured on 
| our cover. In his article beginning 
on the opposite page Dr. Cooke 

traces the evolution of the product 
<| and describes modern ingredients 

and processes of manufacture. 
| Photo by courtesy of the Arm- 
strong Cork Co. 
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LINOLEUM’ 


GILES B. COOKEt 


University of Maryland, 
; College Park, Maryland 


The history and development of lin- 
oleum from earlier types of floor cover- 
ings are briefly reviewed. A short dis- 
cussion of the sources and chemical 


discussion of their contributions to the 

finished product. The general processes in the manufac- 
ture of linoleum are described and the various types 
of linoleum discussed. Standard tests of quality which 
linoleum must meet are given and some of the many ap- 
plications of linoleum presented. 


+++ +o + 


HISTORY 


INOLEUM was first produced in England, having 
L been developed by Frederick Walton of York- 
shire in 1863. It was an outgrowth of earlier 
types of floor coverings. There is no record as to the 
actual origin of floorcloth and its early history is very 
limited. Most of the information available concerning 
its early development is contained in patent specifica- 
tions. In reviewing the literature some confusion 
results from the fact that prior to the eighteenth century 
the term oilcloth was applied to floorcloth. Evidently 
the first floorcloth was merely a form of oilcloth in 
which a piece of cloth had been coated with oil paint. 
Later, to render oilcloth more serviceable as a floor 
covering, resins were added to the paint. 

The earliest patent in 1636 for ‘Painting with oyle 
cullers upon wollen-cloath” was followed by the use of 
various mixtures of oils and resins. In 1751 a floor 
covering was produced by incorporating India rubber 
with oils and resins and applying to a cloth backing. 
Three years later Nathan Smith established a factory 





* Illustrations furnished by courtesy of the Armstrong Cork 
Company, Lancaster, Pennsylvania. 

{ Formerly Research Chemist, Armstrong Cork Company, 
Lancaster, Pennsylvania. 














properties of each of the basic con- A Mopern LInoLEuM FLoor IN A NEWSPAPER OFFICE 
stituents of linoleum 1s followed by a Specially designed insets add character and individuality to business floors. 


at Knightsbridge for the manufacture of a floorcloth 
by applying a mixture of rosin, pitch, Spanish brown, 
beeswax, and linseed oil in a molten state to canvas 
and rolling the mixture into the cloth by pressure. In 
1763 the first patent (1) ever issued specifically for the 
manufacture of floorcloth was taken out by Smith. 
This patent covered the above process. That floor- 
cloth was upon the market in 1788 is shown by an ad- 
vertisement in the Bristol Gazette and Public Adver- 
tiser (2) of that year by Messrs. John Hare and Com- 
pany. The Builder (3) stated that Smith was the first 
manufacturer to use wood blocks in the printing of 
floorcloth. Subsequent improvements to lower the 
cost of Smith’s floorcloth resulted in the development of 
modern floor coverings. 

In 1844 Elijah Galloway (4) softened India rubber 
by the application of heat and incorporated the plastic 
rubber with cork flour. This material was rolled into 
sheets and sold under the name of ‘‘kamptulicon.” It 
was first merely cemented to the floor in this form but 
later was much improved by being pressed into a canvas 
backing. Owing to the high cost of rubber at that time 
“‘kamptulicon” proved to be too expensive for the aver- 
age buyer and in 1863 Walton (5) developed a process 
for the oxidation of linseed oil to produce a floor cover- 
ing less costly. 

Walton called this new material linoleum, ‘“‘Jinum’’ 
for flax and ‘‘oleum’’ for oil, since linseed oil is obtained 
from the flax plant. Since Walton’s time many im- 
provements have been made in the processing of lino- 
leum and today linoleum floors are found all over the 
world. Linoleum originally contained four essential 























MowINGc FLAX IN WESTERN SIBERIA 


materials, namely, oxidized linseed oil, resins, cork, and 
a burlap background. Today in high quality linoleum 
are found these same basic raw materials, or alternate 
substances, together with other materials such as gums, 
wood flour, pigments, and inorganic fillers, for example, 
whiting. These additional materials improve the 
quality, increase the durability, and add to the beauty 
of the finished product. 


THE BASIC RAW MATERIALS 


Linseed Oil.—Linseed oil is obtained from the seed 
of the flax plant. Technically the domestic seed is 
called flaxseed and the imported seed is known as lin- 
seed. The flax plant is grown for both seed and fiber. 
If cultivated for seed the fiber is of little value, and if 
cultivated for fiber the seed is immature. The range 
of climate under which flax can be produced is very 
wide. It is grown in Canada, the north-central part 
of the United States, northern Russia, Argentina, 
southern Russia, and India. 

Clean flaxseed contains from thirty-five to forty per 
cent. of oil by weight. The oil may be obtained by 
one of several methods. The seed is ground, heated, 
and pressed in a hydraulic press. Or the seed is heated 
first and then crushed through a conical grating. A 
third method consists of 
crushing the seed and leach- 
ing out the oil with petrol- 
eum naphtha. The naph- 
tha is distilled off and 
recovered. Commercially 
pure raw linseed oil is 
obtained by all three of 
these processes. 

Linseed oil is a saponifi- 
able oil. It contains radi- 
cals of fatty acids in chemi- 
cal combination with glyc- 
erin. The fatty acids of 
linseed oil give it its char- 
acteristic properties. Some 
of them are unsaturated 
and they enable the oil to 
absorb oxygen from the 
air, increasing the specific 
gravity and forming a 
tough, spongy, rubber-like 





CuTTING JuTE IN INDIA 
The fibers of the tall stalks are used for weaving burlap. 
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substance. It is this solid, spongy, resilient form of 
linseed oil that is employed in the manufacture of 
linoleum. 











PREPARING THE SOIL FOR THE PLANTING OF JUTE 


The chemical composition of linseed oil is known only 
approximately. It is not a simple substance but a 
mixture of glycerides. It is believed to be composed 
of the mixed glycerides of the following fatty acids: 


Palmitic acid, CisH32O , about 5%. 

Myristic acid, CisH2sO2, about 5%. 

Oleic acid, CisH3,O02, very small amount. 

Linolic acid, CisH3.02, from 10% to 15%. 

Linolenic acid, CisH30O2, from 10% to 15%. 

Isolinolenic acid (not obtained in the pure state), from 55% 
to 65%. 


The exact percentages of the glycerides of linolic, 
linolenic, and isolinolenic acids present in linseed oil 
differ in the opinions of various investigators (6). 
These double-bond fatty acids—oleic, linolic, linolenic, 
and isolinolenic—are responsible for the characteristic 
properties of linseed oil. In contact with the atmos- 
phere they take on oxygen, undergo polymerizations 
and possibly rearrangements, and become solid. This 
process appears to be continuous and probably is never 

complete. Heat, light, 

electrical energy, and me- 
tallic catalysts hasten the 
solidification of linseed oil. 

Among the commonly used 

catalysts are the oxides of 
lead and manganese. 
Soaps and salts of lead 
and manganese, and of 
other metals, are also of 
value as catalysts (7). 
Raw linseed oil is pur- 
- chased for the manufacture 
of linoleum. The methods 
of oxidation which render 
it suitable for use in the 
production of linoleum are 
described under the manu- 
facturing process. 
Cork.—Most of the 
world’s supply of cork is 
produced in Portugal, 
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Spain, France, and northern Africa. Cork comes 
from the cork oak, being the thick, protective bark of 
this species of tree. When the tree is about twenty 
years old the cork bark is stripped from the trunk and 
the larger branches and at ten-year intervals there- 
after. The bark is boiled to remove sap and tannins 
and to soften the cork. After boiling, the cork is 
carefully graded and baled and it is then ready for 
shipment. The finest grade of cork is used for the 
manufacture of bottle stoppers. After the cork stop- 
pers have been punched about fifty per cent. of the cork 
is left in the form of scrap. This cork scrap which is 
of the very finest quality is ground to a dust and used 
in the manufacture of linoleum. The finer the cork is 
ground the better the finish of the completed linoleum. 
However, very finely ground cork makes the various 
manufacturing operations more difficult and results in a 
more expensive product. 

Cork is composed of tiny air-filled cells which are 
held together by a natural resinous binding material. 
Because of this structure cork is light, compressible, 
resilient, and impervious to water. Each particle of 
finely ground cork possesses these characteristic prop- 
erties in just the same manner as the large pieces. Cork 
adds softness, resiliency, and durability to linoleum. 

Burlap.—Burlap suitable for linoleum production is 
imported principally from Scotland. Its manufacture 
is confined mostly to Dundee and the surrounding dis- 
trict where it forms a large and flourishing industry. 
Burlap is a loosely woven fabric manufactured from the 
fibers of the jute plant. Among the natural fibers jute 
ranks next to cotton and linen in commercial and tech- 
nical importance. 

The greater portion of the jute of commerce is pro- 





BALES OF CorK ScrAP BEING GROUND FOR USE IN LINOLEUM MANUFACTURE 








A Cork Oak STRIPPED OF ITs BARK TO THE LEGAL 
Srx FEET IN MAT’MORA ForREST, Morocco 


duced in India and the East Indian Islands. The fiber 
is prepared from the stalk of the jute plant by “‘retting”’ 
in water. Retting is simply a 
form of fermentation. The jute 
stalks often grow to a height of 
twelve feet. When the plant is 
full grown the jute is cut close to 
the ground and allowed to soak 
in water on flooded fields for 
about two weeks. Under these 
conditions retting takes place. 
When the fermentation has pro- 
gressed sufficiently the fibers can 
be separated readily from the re- 
mainder of the stalk. Native 
Hindoos, stripped to the waist, 
beat the jute stalks until only the 
fibers remain. 

As it appears in commerce the 
jute fiber is from four to seven feet 
in length. Most of it is yellowish 
brown although some qualities are 
of a silver-gray color. Jute has 
considerable luster and a _ high 
tensile strength. Instead of being 
composed of relatively pure cellu- 
lose the fiber of the jute plant con- 
sists of a modified form of cellulose 

















Cork FL Lovur, AS FINE as Dust 


commonly known as bastose. Because of this differ- 
ence in chemical composition burlap combines directly 
with both acid and basic dyes while cotton and linen 
fabrics require mordants. 

Burlap forms a base for linoleum. 
strengthens the finished product. 

Other Constituents ——While linseed oil, resins, cork 
flour, and burlap are the original components of Wal- 
ton’s linoleum, other materials are now used with, or 
in place of, these first constituents to improve the wear- 
ing qualities and the design and general appearance of 
the finished product. 

Wood flour is used in varying proportions in most 
types of linoleum. Linoleum compositions containing 
cork are colored with difficulty. Wood flour of finely 
ground grade, while lacking some of the properties of 


It braces and 





INTERIOR OF AN OXIDIZING SHED SHOWING THE SCRIMS 
COATED WITH Drigp LINSEED OIL 
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cork flour, can be used satisfactorily as a replacement 
material where a finished product of light or bright 
colors is desired. For this reason the use of wood flour 

















A Piece oF OxipizEp LINSEED OIL 
In this form linseed oil is tough and spongy. 


is increasing due to the greater production of highly 
colored linoleums as compared with the plain material 
which comprised the bulk of the production some years 
ago. 

The linoleum cement or binder is prepared by blend- 
ing or cooking the oxidized oil with rosin and gums. 
Rosin, or colophony, is the resinous residue remaining 
after the removal of turpentine from the exudation of 
the southern long-leaf yellow pine, Pinus palustris, or 
from the solvent extract of the stump of this tree. 
Kauri gum, now used to a much smaller extent than 
formerly, may be employed in conjunction with the 
rosin to give a higher fusion point to the finished ce- 
ment. This gum is obtained from New Zealand. It is 
dug from the ground as the fossilized or semi-fossilized 
exudation of the tree, Agathis australis. 

Pigments of suitable color and strength are incorpo- 
rated with the cork dust or wood flour and cement to 
give compositions of all the varied colors available in 
modern linoleum. Similar pigments are employed in 
the oil paints required for the manufacture of printed 
linoleum. 

Nitrocellulose lacquers are now used frequently as 
a finishing material, chiefly on plain linoleum. The 
advantage of lacquer on plain goods is the sealing of 
the surface to give protection to the linoleum during 
installation and to provide a good base for maintenance 
by waxing. 


THE MANUFACTURING PROCESS 


The Oxidation of Linseed O1l.—Raw linseed oil is 
received in tank cars and stored in large reservoirs until 
needed. The oil is solidified to a spongy, rubber-like 
substance by exposure to air. This results from oxida- 
tion and polymerization, although the solidified oil is 
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generally referred to as oxidized oil. There are several 
processes by which linseed oil is oxidized. Two of the 
oldest and most common are described below. The 
scope of this article does not permit of a discussion of 
the more recent developments of this important phase 
of linoleum manufacture. 

The Scrim Process.—The initial treatment of the oil 
is boiling. The oil does not actually boil in the manner 
that water boils. Heating the oil causes it to foam and 
brings to the surface any impurities that may be pres- 
ent. The boiling is carried out in large kettles in fire- 
proof rooms equipped with automatic fire extinguishers. 
Heating the oil effects the incorporation of metallic 





DISCHARGING A CEMENT KETTLE INTO A COOLING Pit 


oxidation catalysts and causes other desirable physical 
and chemical changes in the oil. Oxides of lead and 
manganese are the catalytic agents usually added to 
linseed oil during the boiling. 

The boiled oil is pumped from the kettles to traveling 
troughs at the top of the oxidizing sheds. From these 
troughs the oil is periodically caused to flow over cotton 
scrims hung vertically. The scrims are usually about 
three feet wide and twenty-five feet long. They are 
spaced about four inches apart. A temperature of 
about 100°F. (about 38°C.) is maintained in the sheds 
and under these conditions the oil dries to a film on the 
scrims. Another flooding with the oil follows and so 
on until at the end of from six to ten weeks the thick- 
ness of the oil sheets reaches about one-half of an inch. 
The scrims are then torn down and the oxidized oil 
ground preparatory to use in the manufacture of the 
cement. 

The Wood-Bedford Process.—Raw oil, with the addi- 
tion of the proper oxidation catalysts, is oxidized in 
jacketed horizontally arranged drums. These oxidiz- 
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ers are equipped with axial shafts carrying a large num- 
ber of spokes. As the shafts are revolved air is drawn 
through the oxidizers which have been filled to one- 
half of their volume with oil. Steam or water as re- 
quired is used in the jackets to control the oxidation 
reaction, which, when once initiated, is highly exo- 
thermic. This treatment is continued until the hot 
oil attains the proper viscosity. The oil is then dis- 
charged into shallow containers where upon cooling it 
sets to a rubbery, dough-like consistency. 
Cement.—Proper proportions of the oxidized oil, 
resins, and gums are fluxed and blended in vertical, 
tilting, steam-jacketed kettles. The cementing opera- 
tion is carried on at approximately 300°F. over a period 
of from two to four hours. At the end of this time 
polymerizations and other chemical changes bring 
about a coagulation or gelation. The cement is then 
poured into cooling pits in which the material assumes 
the tough, plastic, and adhesive qualities evident at 




















Piece oF LINOLEUM CEMENT 


Prepared by cooking oxidized linseed oil with rosin and gums 
until gelation results. 


normal temperatures. After a suitable seasoning pe- 
riod, which is dependent on atmospheric conditions, the 
cement is evaluated to determine the particular grade 
of linoleum in which it will serve best as a binder. 

The Linoleum Mixture——The mixing operation is an 
extremely important one. The tiny particles of cork 
dust, wood flour, and other materials must be thor- 
oughly and intimately mixed and coated with the ce- 
ment. The linoleum mixture must emerge from this 
operation in a homogeneous form. The various ingredi- 
ents are given a preliminary mixing in a batch mixer of 
the Werner and Pfleiderer type. From this machine 
the mixture passes through the “german” mixer which 
resembles a large meat grinder. It is equipped with 
stationary and rotating knives, the rotating knives 
being so staggered as to cause the material to work 
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through the machine. From the german the mixture is 
fed continuously into the ‘‘scratcher,’’ a machine which 
consists of two rolls, one steam-heated and one cold. 
The material adheres in a thick layer to the cold roll. 
Adjacent to this cold roll is a high-speed revolving cylin- 
der fitted with hundreds of sharp spikes. The spikes 
scratch off small particles from the layer of linoleum 
mixture, converting it to granular form. 
Calendering.—When the linoleum mixture comes from 
the scratcher it is ready for calendering. The granular 
mixture is fed into the opening or wedge between two 
large horizontal rolls or calenders. Burlap is led over 
the back roll and into the wedge, and the linoleum mix- 


CALENDER WHICH SHEETS THE LINOLEUM MIXTURE ONTO THE BURLAP BACKING 


ture is sheeted into the burlap as a base. The rolls are 
cored and their temperatures are so adjusted as to give 
a smooth, thoroughly compacted sheet. The thickness 
of the linoleum is controlled by the opening between the 
calender rolls. As it comes from the calender the lino- 
leum is too soft to be satisfactory as a flooring material. 
To transform it into a tough, durable material it is 
subjected to a treatment known as maturing. 
Maturing.—The linoleum sheet, whether formed by 
calendering or by pressing, as described later under 
“molded inlaid linoleum,’’ next passes into tall narrow 
stoves or ovens in which it is festooned in large loops. 
The stoves are maintained at elevated temperatures 
and it is this heat treatment that brings about the 
hardening and toughening or maturing of the linoleum. 
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The length of the stoving period is variable and depends 
upon many factors. Atmospheric conditions, the thick- 
ness or gage of the linoleum, the composition of the 
linoleum mixture, the nature of the binder, and the 
temperature of the stoves all influence the duration of 
the maturing process. Tests are made at intervals 
during the maturing period to determine when the proc- 
ess is complete. If left too long in the stoves the 
linoleum becomes 
hard and brittle, 
and if removed 
before maturing 
is complete it is 














A PRINTING BLock 


The printing surfaces of this par- 
ticular block are fine lines made 
from brass strips. 


still too soft to be 
serviceable. The 
average time nec- 
essary for proper 
maturing varies from a few days to a few weeks. 

Maturing is the final process in the manufactur? of 
all grades of linoleum. After maturing the linoleum is 
given a final inspection, packaged in rolls of from forty 
to one hundred thirty square yards, depending upon 
the thickness and width of the material. The rolls 
are wrapped in paper, crated, labeled, numbered, and 
stored for shipment. Plain linoleum varies in thick- 
ness from a minimum of a little less than two milli- 
meters to a maximum of six millimeters. Battleship 
linoleum, so called because of its use on the decks of 
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naval vessels, is a thick, plain, durable floor covering. 

There are three principal types of linoleum, namely, 
plain, printed, and inlaid. Within each of these gen- 
eral classes are various modifications which are briefly 
referred to in the following paragraphs. 

Plain Linoleum.—The description of the mixing, 
calendering, and stoving operations previously given 
covers in a general way the manufacture of plain lino- 
leum. The material is made in varying thicknesses and 
widths and in black and white as well as brown and 
many other colors. Jaspé is grained linoleum of two 
or more colors obtained by feeding scratched linoleum 
mixtures of different colors into the calender at the 
same time. 

Printed Linoleum.—This product is a relatively thin 
sheet of plain linoleum decorated with a wearing sur- 
face of oil paint. The material is manufactured and 
sold in roll form or as rugs. 

The partially matured linoleum base is taken from the 
stoves to the printing machine. These machines are 
of varying lengths depending on the number of colors 
they are to print. They are mounted on a movable 
base in order that they may be moved in front of the 
stove into which they are printing since the linoleum 
requires a second stoving or drying treatment to con- 
vert the paint to a serviceable condition. Printing is 
accomplished with wooden printing blocks which ex- 
tend across the machine. They are usually eighteen 
inches wide and from six to twelve feet long depending 
on the width of the linoleum being printed. 

The pattern conceived by the designer is traced upon 
the printing block, the surface of which has previously 
been saw-cut to give a line block or a peg block. With 
the pattern thus traced for a given color of the design 
the block cutter chips away the unnecessary wood. 
For printing fine lines strips of brass are shaped and 
embedded in the wooden block. When all of the blocks 





SECTION OF A PRINTING MACHINE SHOWING ONE OF THE PATTERN BLockKs LIFTED 









VIEW OF THE TOP PORTION OF A STOVE WHERE LINO- 
LEUM Is ALLOWED TO MATURE 


are ready impressions are taken to make certain the 
pattern is fitted together properly. 
The color scheme is also tested. 
Many color combinations are tried 
by the designer before a final choice 
is made. The value of this selec- 
tion depends upon a knowledge 
of color harmony and the ability 
to sense the changes in public taste. 

After the color scheme for the 
pattern has been selected the 
blocks are mounted at proper in- 
tervals on the various heads of the 
printing machine. As the partially 
matured linoleum passes through 
the printing machine in the form of 
a large ribbon, all of the blocks 
are pressed down at the same time 
on the surface of the linoleum. The 
pressure is released and the blocks 
raised. When in this raised posi- 
tion paint of the proper color is ap- 
plied to the blocks preparatory to 
the next dip or imprint. Applica- 
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MANUAL ASSEMBLAGE OF VARI-COLORED PIECES—ANOTHER PROCESS OF INLAID LINOLEUM MANUFACTURE 


tion of the paint is effected by means of rotating rolls 
partially submerged in the paint troughs. These are 
given a reciprocating horizontal movement to synchro- 
nize with the vertical reciprocating movement of the 
printing heads and the intermittent forward movement 
of the linoleum through the printing machine. The 
printed linoleum is taken off the end of the machine, 
festooned in the stoves for the final maturing, and 
is then trimmed, inspected, and packaged for ship- 
ment. 

Inlaid Linoleum.—Inlaid linoleum has every color 
extending through to the burlap backing. Regardless 
of how worn a piece of inlaid linoleum may be the pat- 
tern is always retained. For this reason inlaid linoleum 
can be used for a number of years. There are two 
general types of inlaid linoleum—straight-line inlaid 
and molded inlaid. The name straight-line is derived 
from the fact that every block is died in geometrically 
straight lines. There are two methods employed in 
the manufacture of straight-line inlaid linoleum. 

Pieces of linoleum of the proper colors are cut into 
blocks from sheets of plain or marbleized linoleum com- 
position calendered without the burlap backing. The 
sides of the blocks are straight lines and the pieces are 
fitted together by hand upon the burlap backing. In 
this way the desired pattern is formed. As the pieces 
are assembled into the finished pattern the linoleum 
passes under a hydraulic press. The heat and pressure 
applied in this operation form the individual blocks into 
a single sheet which is at the same time firmly attached 
to the burlap backing. 

Straight-line inlaid linoleum is also manufactured en- 
tirely by machine. A giant rotary mechanism converts 
several linoleum mixtures into individual sheets, cuts 


blocks from these sheets, fits them together on the bur- 
lap base, and finally presses the assemblage into a 
finished sheet of patterned linoleum. In this process 
each of the colored sheets is led under a revolving cut- 
ting cylinder. In the surface of the cylinder steel 
knives are embedded forming a pattern. Between the 
knives plungers operate selectively from the inside of 
the cutting roll and place on the burlap the tessere of 
the particular part of the pattern required. The pieces 
that are not needed for the pattern are carried around 
between the knives and ejected. Normally four of 
such cylinders are spaced at intervals around and 
adjacent to the large rotary drum over which the burlap 
is led. The pattern is thus built up one color at a time 
as the drum revolves past the cutting rolls. The bur- 
lap supporting the component parts of the finished sheet 
then passes over an inspection table to a continuous 
rotary press where heat and pressure finally consolidate 
the individual blocks into a homogeneous sheet and 
bond this sheet with the burlap backing. The rotary 
press consists of a cylinder against which hydraulically 
actuated pressure rolls operate. 

Molded Inlaid Linoleum.—This type of linoleum is 
manufactured by sifting or rubbing finely divided or 
granulated linoleum mixture through metal stencils 
onto the burlap backing. The stencils are arranged ina 
manner very similar to that in which pattern blocks are 
placed on the printing machine. One stencil is neces- 
sary for each color required in the completed pattern. 
The stencils are prepared with a high degree of accuracy 
in order that the colors may fit together properly. The 
colors are deposited one after another as the burlap 
intermittently passes from one stencil to the next along 
the molded table. The stencils are periodically raised 
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and lowered in unison to permit the intermittent for- 
ward movement of the burlap. The nature of the 
linoleum mixture and the requirements of the finished 
product have made it advantageous to carry out this 
operation under artificially created constant atmos- 
pheric conditions. From the table the material is led 
to large hydraulic presses where final amalgamation of 
the individual particles is effected at elevated tempera- 
tures. 

The molded linoleum process makes possible the 
manufacture of artistic creations which are not limited 
to the straight-line configurations inherent in the 
straight-line process. Mottled colors may be em- 
ployed. The surface of the linoleum may be embossed 
(patented process) to simulate depressed mortar lines 
and thus give relief or depth to an otherwise flat floor 
covering. Recently one manufacturer has combined 
the straight-line and molded processes by inserting 
straight-line blocks of marbled or grained character in 
the molded linoleum. Beautifully attractive and 
artistic designs have been created by this advancement 
in linoleum craftsmanship. 

Embossing.—Embossing is a rather recent invention 





PARTIAL VIEW OF A LARGE RoTARY MACHINE MANUFAC- 
TURING INLAID LINOLEUM 


The men in the picture are inspecting the finished product. 


in the linoleum industry. The effect produced by em- 
bossing gives certain types of designs, for example, tile 
patterns, a hand-set appearance. After a pattern of 
molded inlaid linoleum has been made and pressed it is 
then ready for embossing. The embossing is accom- 
plished in hydraulic presses which contain plates with 
raised portions fitted to particular parts of the design. 
As the press comes down on the linoleum a portion of 
the design is forced down below the other part. In 
this way a portion of the design is made to stand out in 
relief giving texture to the surface. Like all other 


1] 


linoleum, embossed inlaid linoleum is matured in the 
stoves. 

Linoleum Tile or Linotile-—This material is essentially 
plain linoleum without the burlap base, cut into tile 
form. When applied to the floor in combinations of 
two or more colors it gives an inlaid flooring. Laid 
according to the individual taste this product makes 
possible the creation of many beautiful custom designs. 


CONTROL AND TEST METHODS 


While the general manufacturing processes for mak- 
ing linoleum have been described, much other work 
which is essential for the production of high quality 
linoleum must be carried out simultaneously. All 
raw materials must meet a high standard of quality. 
Linseed oil must not contain adulterants, cork dust 
and wood flour must be free from dirt and hard parti- 
cles, and the burlap must be evenly woven. Careful 
examinations of these materials are made before they 
are accepted for use in the manufacture of linoleum. 
Rosin, gums, inorganic fillers, pigments, and paints 
also must meet definite specifications of high quality. 

The finished linoleum must pass tests of quality speci- 
fied by the United States Government. These tests 
have been developed jointly by the manufacturers and 
the government bureaus. They should be consulted 
for details. They are classified as general tests and 
detail tests. 

Under general tests are given specifications relative 
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to color, finish, width, burlap backing, key of the lino- 
leum mixture to the burlap base, and hardness. The 
latter is determined by an indentation test and is the 
same for all kinds of linoleum. The government speci- 
fies that linoleum shall not show more than 0.01 of an 
inch indentation at the end of one hour, after being 
under eighty pounds of pressure for one minute by a 
steel bar 0.282 inch in diameter. The burlap must 
be deeply embedded and keyed to the linoleum mixture 
so as to be partially concealed by it. For battleship 
linoleum a pull of six or more pounds is required to 
separate a strip three inches wide from the linoleum 
mixture. The government specifies that the burlap 
be finished with a backing paint. The linoleum must 
be thoroughly matured. A cut at an angle of forty-five 
degrees must show no difference between the outer 
edge and the center. 

Detail tests refer to thickness, weight, pliability, and 
water absorption. These vary with different kinds 
and gages of linoleum. A minimum weight per 
square yard and a minimum and a maximum thickness 
are required. The following example will illustrate the 
government specifications regarding weight. 


Min. wt. Thickness in inches 
per sq. yd. Min. Max. 
6.8 pounds 0.137 0.147 
3.6 pounds 0.064 0.074 
6.8 pounds 0.110 0.120 


Plain, A gage 
Printed, E gage 
Str.-line inlaid, A gage 


Pliability is tested by bending the linoleum over 
mandrels. There must be no cracking or breaking dur- 
ing these tests. For straight-line inlaid the mandrels 
are five inches in diameter while for most of the other 
types of linoleum mandrels of three-inch diameters are 
employed. 
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The following water absorption 
test is specified for battleship lino- 
leum: The linoleum is placed in 
water for twenty-four hours at 
21°C. (70°F.). The maximum 
absorption must not be over 5!/.% 
by weight for heavy, 4% for medium, 
and 2'/2% for light weight. 

These are but a few of the many 
tests that are constantly being made 
to maintain the high quality of 
linoleum. Research is also carried 
on to develop new compositions, 
new designs, and methods of manu- 
facture necessary for the creation 
of novel artistic effects. Every 
year improvements and new pat- 
terns are offered to the public. Be- 
cause of advancements over a 
period of many years modern lino- 
leum is characterized by a beauty 
and durability undreamed of in 
the early days of its manufacture. 


UTILITY 


Linoleum floors are now in use 
in almost every country of the world. The many 
beautiful patterns and designs obtainable in almost 
every color and shade, coupled with lasting quality 
and moderate cost, give linoleum a distinctive place 
in modern interior decorating. Linoleum floors are 
widely used in homes, public buildings, offices, stores, 
and show rooms. Within the last few years a wall 
covering of linoleum has been placed on the market. 
Combinations of linoleum wall covering and linoleum 
floors are offered in many attractive and pleasing ar- 
rangements. In library buildings linoleum is em- 
ployed as a cover for book shelves and the tops of 
reading tables. Card tables are manufactured with 
linoleum tops and the tops of many office desks are 
covered with linoleum. 

From one small, inadequately equipped factory in 
1863 the manufacture of linoleum has developed and 
expanded until today it constitutes a world-wide indus- 
try. From all parts of the world—India, Siberia, 
Africa, United States, Europe, Argentina, New Zea- 
land—are gathered the raw materials which are used in 
the manufacture of this modern floor and wall covering, 
and to all quarters of the globe the finished linoleum 
is shipped. 
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The ROLE of CAROTENE 


in 


HUMAN HEALTH’ 


ALBERT F. O. GERMANN 
S. M. A. Corporation, Cleveland, Ohio 


The discovery that carotene is the fruit and vegetable 
form of vitamin A requires certain readjustments of our 
ideas. In this paper, attention is called to the nature of 
the problem, suggestions are made regarding its solution, 
and the particular values of carotene over other forms of 
vitamin A in human therapy are reviewed. 


+++ + + + 


ACHENRODER reported the discovery of 
carotene in 1826 (11). Nearly a hundred 
years later Steenbock (12) announced his 

observation that carotene appeared to have some un- 
determined relation to vitamin A. Five years ago 
Euler, Euler, and Karrer (13) verified the vitamin A 
potency of carotene in experimental animals. Today 
the function of carotene in the nutrition of man is a 
problem of the first importance, but it is only a matter 
of time before the questions that puzzle us now will 
be more or less fully answered, and others of equal or 
greater consequence will take their place. 

Much has already been written on the subject of 
carotene in human nutrition. Perhaps the most 
significant is the report of Clausen made before the 
American Pediatric Society in 1931 (3). He found that 
carotene is present in the blood of infants at birth, 
and that it rises by the age of two years to an average 
value of from 0.075 to 0.100 mg. per 100 cc. of blood 





* Presented before the Century of Progress Meeting of the 
American Chemical Society, Section on Medical Chemistry, 
September 15, 1933. : 


plasma. He found the blood plasma carotene lowest 
in December, January, and February; also that starva- 
tion causes a slow disappearance of carotene from the 
blood, and that severe infection causes its rapid dis- 
appearance. In a small series of cases of otitis 
media, rather rapid improvement seemed to follow 
the elevation of carotene in the blood, though this 
did not invariably occur. In infants between the ages 
of six months and two years, the greatest number of 
infections were found in those who had not received 
cod-liver oil or vegetables and whose plasma carotene 
was extremely low. The plasma carotene of infants 
who had received adequate amounts of cod-liver oil 
was nearly the same whether or not mild or severe in- 
fections were present. It is not stated in the report 
whether the carotene level was high or low, but from 
the context it would appear that it was low, as it is 
also stated that the presence of severe infection causes 
the rapid disappearance of carotene. In a series of 
cases of moderately severe scarlet fever, plasma caro- 
tene was determined within three days of the onset; 
those cases in which no complications developed had 
the average normal carotene for healthy children, 
while those in which severe complications subse- 
quently developed had, at the onset, very low plasma 
carotene. 

These results would appear to be clear-cut and defi- 
nite. They are in a measure confirmed by the em- 
pirical observation, to which McQuarrie calls atten- 
tion (20) that, on the average, diabetic patients have 
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fewer infections of the upper respiratory tract than 
other persons. This he attributed to the fact that 
diabetics have a higher degree of carotenemia than 
any other group because they are given so much 
carotene in the form of green vegetables. 

Recent reports by Hess, Lewis, and Barenberg (2), 
Clausen (1), and Higgins (21) deny that administration 
of carotene will increase the resistance to infection in 
the majority of children. However, I am convinced 
that this statement will ultimately have to be re- 
vised to agree with Clausen’s earlier observations. 
This conviction is based on my own observations of 
individuals highly susceptible to upper respiratory 
infections, in whom cod-liver oil gave only slight 
benefit, but adequate carotene dosage has given full 
protection during the past twelve months. 

With regard to the anti-infective value of cod-liver 
oil, reports by Sutliff, Place, and Segool (4) and by 
Ellison (5), dealing with the prevention of otitis media 
in scarlet fever, indicate that the vitamin A of cod-liver 
oil is of no value in this condition. Similarly, Baren- 
berg and Lewis (15) found that cod-liver oil in doses as 
large as six teaspoonfuls daily was without effect in 
decreasing the incidence of upper respiratory infections 
in children. 

In a field of research as new as that of the vitamins, 
where progress has been extremely rapid, it is perhaps 
inevitable that some confusion of terms and definitions 
should develop, which would tend to make discussion 
difficult. Our original conception that the vitamin A 
of liver oils was derived unchanged from plant sources 
has been proved to be in error (24). Fruits and vege- 
tables owe their vitamin A potency to carotene. The 
liver oils contain a substance derived from carotene, 
but secreted by the liver. This conversion of carotene 
has been shown to occur in mammals (7), and has been 
attributed to the action of a liver enzyme, carotenase 
(22). In man, our best evidence of this conversion is 
in vegetarians, whose vitamin A requirements are 
fully met by the carotene supplied by a fruit and vege- 
table diet. The glandular origin of the conversion 
product, and the fact that it is discharged, as needed, 
directly into the blood stream, would suggest that it be 
classified as a hormone, rather than as a vitamin, 
since the latter by definition is an accessory food 
factor not synthesized in the body (6, 8, 9). The term 
vitin has been proposed for this product of endocrine 
secretion (14). If we accept the customary definition 
of a vitamin, and classify as hormones those regulatory 
substances produced by endocrine activity, we must 
necessarily regard carotene as a true vitamin, rather 
than as provitamin A. That Sherman appreciated 
the difficulties of a situation that appeared to admit the 
existence of two forms of vitamin A was already evident 
in 1930, from the statement: 


Acceptance of the hypothesis that vitamin A occurs in plant 
material in the form of its precursor, carotene, necessitates either 
a restatement of findings as to the origin of this vitamin, or con- 
scious acceptance of the fact that in actual usage the term vita- 
min A may (and often does) cover both the “primary” or pre- 
cursor form (carotene) and the ‘“‘secondary’”’ form immediately 
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active in animal nutrition (vitamin A in the spectrographic 
sense). The latter alternative is much more accordant with 
present usage, and is therefore employed. . . . In this sense there 
is no evidence of the formation of this factor de novo in animals; 
but both land and water plants synthesize the vitamin (at least 
in its precursor form) and from them the animals of the land and 
sea, including the fishes, derive their supplies—either directly 
or by preying upon other species (10). 

This statement was made at a time when there was 
still some doubt in some quarters as to the presence of a 
colorless form of vitamin A in plant materials. 

Recent discussion (25) of the synthesis of vitamin C 
by the dog and the rat, and of the identity of the female 
sex hormone, folliculin, with a sex factor derived from 
seeds (reported by Butenandt and Jacobi) stress the 
importance of the careful use of the terms vitamin and 
hormone in such cases. With the accumulation of 
evidence that plants do not elaborate the colorless 
form of vitamin A found in the liver, but that it is al- 
together a product of animal metabolism, it is impor- 
tant that we again take stock of our knowledge, and if 
possible determine the exact function of each factor: 
the vitamin carotene and the hormone vitin. 

If we have been misled by our experimental ob- 
servations into the belief that vitamin A is a colorless 
substance, and we are now certain that this colorless 
factor is synthesized in the liver when the food contains 
the necessary prerequisite plant pigment, shall we 
hesitate to revise our ideas in conformity with the new 
facts, or shall we continue to stand in the way of 
progress through unwillingness to advance with our 
newer knowledge? 

Our present knowledge of vitamin A may be sum- 
marized in a few words. Carotene is normally present 
in the diet of man. It is absorbed by the blood, 
where it becomes colloidally attached to serum albumin. 
It is carried to all parts of the body and is absorbed by 
the tissues in varying amounts. The liver, reproduc- 


tive organs, suprarenal glands, spleen, subcutaneous - 


tissues, and other organs absorb carotene from the 
blood when it is supplied in sufficient quantity. Caro- 
tene absorbed by the liver is largely converted (18) 
into the colorless vitin (secondary vitamin A), al- 
though a condition has been described in cattle where 
carotene was apparently not so converted (16), and 
the conversion may be incomplete in those human 
cases, mainly diabetics, that readily develop caro- 
tenemia (17). Vitin is stored in the liver, and supplied 
through the blood to other parts of the body as re- 
quired (18). 

In many individuals carotene is present in the blood 
in amounts too small to be determined, that is, less 
than 0.1 gamma per cc. Thus, Kauffmann and 
Drigalski (32) found 85% of persons studied had blood 
carotene in amounts less than 0.1 gamma per cc., 
while in the 15% having detectable amounts, the 
highest value was 2.7 gamma per cc. When carotene 
was administered to cases previously giving negative 
tests, a latent period occurred before an increase could 
be detected, which they ascribed to absorption of the 
pigment by the organs; there was no latent period in 
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cases already showing carotene in the blood. The 
highest values obtainable with diets rich in carotene 
were from 1.1 gamma to 2.7 gamma per cc. In con- 
formity with the results of Clausen (3) they observed 
a drop in the blood carotene level in two cases of infec- 
tious colds. White reported serum carotene values of 
0.72 gamma to 3.79 gamma per cc. in diabetics, and 
an average of 0.63 gamma per cc. in normal persons 
(33). The disappearance of carotene from the blood 
when infections are present (3, 32) leads us to suspect 
that it may be active in the development of immunity 
(35). Euler has suggested that the effect may be 
produced through the medium of the leucocytes 
(28). 

In experimental work with animals, it appears that 
carotene is more effective against the invasion of bac- 
teria in the upper respiratory tract than cod-liver oil 
(27) and that maximal doses of carotene produce vary- 
ing degrees of inhibition of growth in experimental 
cancer (29). Recent investigations have indicated 
that distemper does not develop in dogs that have re- 
ceived an adequate carotene intake (31); the similarity 
of distemper to colds in human beings makes this ob- 
servation of the greatest interest. Recent work on 
depancreatized dogs, in which carotene was fed to one 
group (34), may have some significance in the inter- 
pretation of the effect of carotene in human diabetic 
cases. 

Carotene has been reported to produce improvement 
in vision in human cataract, and to produce an apparent 
desensitization to house dust (30). Both these ob- 
servations have been confirmed in personal communica- 
tions from a number of sources. The production of a 
sense of well-being is the effect most frequently ob- 
served by patients undergoing carotene treatment. 
The apparent value of carotene therapy in a great 
variety of pathologic conditions, many of which may 
be related to some type of epithelial failure, has been 
reported in many personal communications from physi- 
cians. Of particular interest is the feeling among 
practitioners who have had some experience in pre- 
scribing carotene that their patients are more ade- 
quately protected against infection, and that, when 
infection does occur, the attack is less severe, and runs 
its course in a shorter time. When these observations 
are verified in large series of patients in tests that are 
contemplated for the coming winter, the value of caro- 
tene will have been proved beyond question. 

Any protection against upper respiratory, intestinal, 
and genito-urinary infection is probably brought about 
by the production of healthy epithelial tissues, as sug- 
gested by the work of Wohlbach and Howe (36). 
The importance of healthy epithelial tissues is evident 
from their wide distribution in the body—the thin 
covering of the skin and mucous membranes, constitut- 
ing the surface tissues of the lungs, the digestive tract, 
genito-urinary tract, glands, nerves, blood vessels, and 
the enveloping tissues in general. If carotene or any 
other agent in the environment of an otherwise ade- 
quate diet, with the help of an otherwise healthy or- 
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ganism, is able to maintain healthy epithelial tissues, 
it is not too much to expect that the incidence of bac- 
terial infections of many types may be diminished by 
proper therapy. This idea was suggested by Cramer 
and Kingsbury (37) in 1924 when they said: ‘Under 
the ordinary conditions of vitamin experiments, the 
breaking down of local defenses allows access to the 
comparatively avirulent bacteria which normally 
inhabit the intestine, the respiratory tract or the 
conjunctival sac, so that the resulting infections are 
as a rule avirulent in type. When organisms of a more 
virulent type are present the condition of the local de- 
fenses rather than the mere presence of these or- 
ganisms may be the factor which determines the onset of 
a virulent infection.” 

If we combine this statement with our present ideas 
about carotene, we get an intriguing picture. When 
the carotene content of the body is insufficient, epi- 
thelial failure may follow, resulting in more or less 
serious consequences, depending on the location of the 
damaged tissues, and on the presence or absence of 
virulent organisms. According to this theory during 
an epidemic of typhoid fever, for example, when the 
infecting organism may be present in the general water 
supply, it would be suggested that only those in- 
dividuals whose resistance has been lowered through 
inadequate carotene reserves, and in whom this has 
been followed by damage to the epithelium of the in- 
testinal tract, may contract the disease. If such a 
mechanism could be confirmed for one or more of the 
contagious diseases, it would represent an incalculable 
advance in the improvement of public health. 

If carotene has therapeutic value independently of 
its function as the precursor of vitin, one of the major 
problems presented is the differentiation of the func- 
tions of vitin and of carotene. Among the problems 
thus presented a few may be mentioned: 

Is carotene a growth-promoting factor, or is this a 
specific property of vitin? Personally, I am inclined 
to the latter view. 

Is the maintenance of healthy epithelial tissues pri- 
marily a function of carotene, and to what extent does 
vitin share in the performance of this function? 

What specific dysfunction is responsible for the 
development of carotenemia in individuals, mainly 
diabetic, receiving only a moderate carotene intake? 

Is reproduction possible in the absence of all plant 
pigment material? 

What is the specific function of carotene in the evolu- 
tion and healthy maintenance of the eye? 

Is carotene directly or indirectly concerned in the 
development and regeneration of the visual purple of 
the retina? 

What is the function of carotene in the healthy 
development of the nervous system? 

To what extent does xanthophyll supplement carotene 
in man? The human placenta (28) and human milk 
fat (38) contain both carotene and xanthophyll; on the 
other hand, cow placentas and butter fat contain 
principally carotene, and no more than traces of 
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xanthophyll, while in the yolk of hens’ eggs the condi- 
tions are reversed (28). 

What is the rdle of carotene in hyperthyroidism? 
Euler has reported (28) that carotene is capable of 
neutralizing the weight losses occasioned by injections of 
thyroxine in experimental animals. 

Is the vitin produced from carotene in the liver of 
man identical with that produced in the livers of the 
lower animals, and are these identical with each other? 
Although hens’ eggs contain a growth-promoting factor, 
Euler says (28) he has been unable to verify the presence 
of vitamin A (in the spectrographic sense) in them. 

What is the optimum dose of carotene, and to what 
extent do individuals differ in their absolute and optimal 
carotene requirements? 

To what extent does man depend upon butter for 
his carotene requirements, and in what degree does 
the use of carotene-free commercial butter colors during 
a part of the year deprive him of his expected carotene 
intake? Shrewsbury and Kraybill have shown that the 
carotene of butter may account for an appreciable 
amount, possibly all, of its vitamin A content (40). 

What is the relation of carotene absorption to the 
fat content of the diet? The history of the early work 
with vitamin E indicates the importance of this prob- 
lem. 

What is the réle of carotene in the development of 
sound teeth and healthy periodontal tissues? Mel- 
lanby (41) and others have discussed the results of 
vitamin A deficiency in this field, based on work with 
animals, and Howe observes (42) that some investiga- 
tion of the matter has been made at the Children’s 
Hospital in Boston, where the same changes have 
occurred in children suffering from vitamin A deficiency. 

To what extent does the presence of carotene in 
orange juice influence the favorable results obtained 
by Hanke (43) in dental caries? 
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These problems can be multiplied many fold. How- 

ever, one of the most important in carotene therapy has 
been stated by Turner and Loew (27): before accurate 
data can be obtained with carotene, its stability must be 
assured and the solvent used must be of a nature most 
favorable for the absorption of carotene from the intesti- 
naltract. It is entirely possible that the discordant re- 
sults that have been obtained by some investigators may 
be traceable to differences in the keeping qualities of the 
material used, and perhaps to differences in the absorp- 
tion from the intestinal tract due to differences in 
solvent, or to other environmental conditions, such as 
the total fat content of the diet, or the presence of the 
optimum amount of other essential food factors. In 
this connection, it may not be out of place to recall the 
disastrous results obtained by the early investigators of 
the vitamin A potency of carotene, when chemically 
pure solvents were used, in which carotene is destroyed 
almost overnight. The presence of potent natural 
antioxidants in certain natural oils has done much to 
overcome this condition, and it is perhaps significant 
that the most favorable results have been obtained 
with a therapeutic carotene solution possessing ex- 
traordinary keeping qualities by virtue of its high 
content of natural antioxidants. 

In conclusion, I cannot resist repeating a statement 
made by a prominent pediatrist: ‘‘If I told you every- 
thing carotene seems to be doing in my practice, it 
would sound like a fairy story. I am prescribing it so 
often, I am ashamed to tell you how much.” If this 
statement be discounted even as much as one-half, 
there is still no doubt that the researches of Will- 
statter; Euler, Karrer, and others that have made the 
development of a therapeutic form of carotene possible 
will be looked upon a few years hence as one of the 
major contributions of chemistry to medicine in recent 
times. 
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A CHEMIST- 
TOURIST in 
GERMANY 


ERNEST R. SCHIERZ 


The University of Wyoming, Laramie, Wyoming 


Without any claim to completeness the author calls 
attention to some of the monuments and memorials 
erected to honor the memory of outstanding chemists of 
Germany. 


++ ooo + 


N THE opinion of many of the present and past 
leaders of our science the historical viewpoint is a 
material aid to the proper understanding of the 

science. The many papers that have appeared in the 
JOURNAL OF CHEMICAL EDUCATION concerning the 
makers of chemistry bear evidence to the growing in- 
terest in the subject. No doubt, anecdotes concerning 
the habits of these men and women and the laboratories 
(1) in which they worked are of greater interest than 
what an artist has captured in stone or bronze. Many 
times, however, the memorial to an individual directs 
attention also to his outstanding contributions. 

In what follows, attention will be called to some of 
the monuments of interest to the chemist-tourist in 
Germany. 

In Berlin, aside from the large statues of E. Fischer 
and A. W. von Hofmann, the latter in the Hofmann 
House, may be found bronze reliefs of two ‘‘over- 
shadowed chemists,” Marggraf and Achard. These 
are on the facade of the laboratory of the Academy of 
Sciences in Dorotheen Strasse, where the former 
was director from 1767 until his death in 1782. Marg- 
graf will be remembered for his work in distinguishing 
some of the alkaline earth metals and his discovery 
and isolation of sugar in beets. The development of 
the process of extraction to make it industrially feasible 
is the work of Marggraf’s pupil-friend, and successor, 
Achard, under the stimulation of the continental 
blockade. 

Munich has been since 1852 a center of great chemi- 
cal activity. That year marks the arrival of Liebig 
and the foundation of the laboratory now known as the 
Chemical Laboratory of the State. This laboratory 
has been under the direction of Liebig, Baeyer, and 
Willstatter and is now directed by H. Wieland. In 
this city of art may be found statues of the American- 
born Count Rumford, near the National Museum, 





* The author will be glad to exchange prints of snapshots 
reproduced in this article with other collectors. Snapshots of 


several French monuments are also available for exchange. 








BuNSEN MONUMENT 
HEIDELBERG 


Liebig and Pettenkofer in the Maximilian Platz, and 
Baeyer in the court adjoining the laboratory. The 
monument to Liebig (2) is one.of the two (the other at 
Giessen) erected by popular subscription (140,000 
Mark) by the Deutsche Chemische Gesellschaft in 1883. 
The grave of Liebig is in the old Sid Friedhof. The 
simple stone is surmounted with a glass-encased marble 
bust. A replica of this bust may be seen in the stair 
court of the laboratory. In this cemetery are also the 
graves of Pettenkofer, Jolly, Ohm, and Fraunhofer. 
The statue of Baeyer (3) was erected by private sub- 
scription, the principal donor being the I. G. Farben- 
industrie. 

In Heidelberg, the city immortalized by A. Jensen, 
in the short poem: 


Alt Heidelberg du feine, 

Du Stadt an Ehren reich, 

Am Neckar und am Rheine 
Keine andere kommt dir gleich. 


Bunsen directed the destinies of the Chemical In- 
stitute for thirty-seven years. His memory is honored 









JoURNAL OF CHEMICAL EpucatTIon 


LieBIG’s GRAVE IN SUD FRIEDHOF, 
MUNICH 

Att Saints Day 1929. THE 

WREATH ON THE GRAVE PLACED 

THERE BY THE City OF MUNICH 
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BAEYER MONUMENT AGAINST THE 
WALL OF THE CHEMICAL LABORA- 
TORY OF THE STATE 
MuNICcH 


MARGGRAF ACHARD 


BRONZE RELIEFS ON FRONT OF THE 
LABORATORY OF ACADEMY OF SCIENCE 
BERLIN 
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GRAVE OF PHILIPP JOHANN GUSTAV 
VON JOLLY 


Stp FriepHoF, MuNICcH 
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GRAVE OF SIMON OHM 
Stop FriepHOF, MUNICH 
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by a_ suitable 
monument (4) 





erected by popu- 
lar subscription 
in 1908. It 
stands on the 
road along which 
many _ tourists 
make their way 
to the ruins of 
the old castle, 
sacked by the troops of Louis XIV in 1688. 

At Giessen, made famous by the laboratory of Liebig, 
we find a statue (5) of the master as he appeared at the 
zenith of his productive career. It is in the public 
park along the river. One of his most noted pupils, 
A. W. von Hofmann, founder of the Gesellschaft and 
fourteen times its president, was born in Giessen. A 
simple stone relief marks his birthplace. 

Wohler, Liebig’s lifelong friend, collaborator in his 
scientific work and counselor in his polemical en- 
counters is honored by a bronze statue (6) erected near 
the site of his activity in Gottingen. In the nearby 
park is a statue of the physicists, Gauss and Weber. 

Coblenz, the city at the confluence of the Moselle 
and Rhine has honored its famous chemist-son, Karl 
Friedrich Mohr, by a monument. In addition to the 


bronze bust of Mohr there are two bronze reliefs. 








GIESSEN 





Mour MonuMENT 
CoBLENZ 


LIEBIG MONUMENT 


HoFrMANN MONUMENT 
ON HoFMANN’S BIRTHPLACE 
GIESSEN 








One depicts 
pieces of volu- 
metric glassware 
which he devised 
and __ perfected, 
the other his 
activity as a 
teacher. Cut in 
the stone at the 
rear of the pedes- 
tal are the lines: 








Das Erkennen der Natur 
die erhabenste Aufgabe 
des menschlichen Geistes. 


The founder of the theory of the structure of benzene 
stands before his Institute in Bonn. At the base of the 
monument of Kekulé (7) is a bronze relief depicting 
Science presenting Industry with the benzene ring. 

No attempt has been made to catalog all the monu- 
ments to chemists in Germany, but rather to direct 
attention to a source of material of much value in the 
study of the history of chemistry. 

That this form of memorial is even today used to 
keep alive the memory of great chemists is evidenced 
by the tribute to Edgar Fahs Smith, the dean of Ameri- 
can historians of chemistry, erected on the campus of 
the University of Pennsylvania (8). 
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DEMONSTRATING PERFUMES 


Cart LEvEROCK 
Richmond Hill High School, Richmond Hill, New York 


WHEN producing simple perfumes in a laboratory 
demonstration, the instructor is faced with the diffi- 
culty of having each student get a whiff of the charac- 
teristic odor. Passage of a test-tube about a large class 
consumes much time. 


For this reason a chemistry instructor in the Rich- 


mond Hill High School has employed a simpler and 
more effective method. Connecting a length of rubber 
tubing to the compressed air cock, he directs the flow 
of air across the mouth of the test-tube toward the class. 
By this method all the students can simultaneously 
smell the odor of the perfume. 
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CHEMICAL DRAWING 


EDWARD M. HOSHALL 


2434 Guilford Avenue, Baltimore, Maryland 


The publication of chemical articles frequently re- 
quires the aid of sketches, drawings, diagrams, and 
curves. To the author these are usually a source of 
difficulty, and to the editor a source of inconvenience, in 
that drawings must frequently be redrawn by the author, 


++ + 


RAWING has been the universal language from 
the cave-wall carvings of the Pliocene period 
to the highly technical scientific drawings of our 

own machine era. 

Modern scientific drawing is the technical language 
of those engaged in the respective sciences: an expres- 
sion and a record of ideas and information for the execu- 
tion of designs. In preparing such drawings the drafts- 
man is confronted by a difficult task. He cannot, 
like the artist, employ light, shade and color, to aid 


or a draftsman must be employed. It is the purpose of 
this paper to present a brief course in ‘‘Chemical Draw- 
ing,’ based on simplified principles of mechanical drawing, 
together with certain suggested conventions which conform 
to standard practice in leading chemical publications. 


+~+ + 


him; he must rely on lines and outlines to convey the 
thought underlying the sketch. The bare outline must 
often be supplemented by information regarding details, 
such as scales, dimensions, legends, and, in drawings 
intended for publication, reference to the text. This 
type of technical drawing, including the use of certain 
conventional representations considered good practice 
as applied to chemical problems, will be designated as 
“chemical drawing.” Especial attention will be paid to 
drawings of this type intended for reproduction. 


I. Fundamentals of Chemical Drawing 


It is not the intention to present in this section an 
elementary course in mechanical or engineering draw- 
ing, for many excellent books on these subjects are 
available. The prospective student and others inter- 
ested are referred to the group of selected references 
which appears at the end of Part II. It is suggested 
that standard texts be used as guides in acquiring a 
knowledge of general principles. Supplementary notes 
and observations pertaining especially to chemical 
drawings for use in publications are offered here. 


EQUIPMENT 


A set of drawing instruments should include: a 
ruling pen; a small bow compass with pencil, pen, and 
divider attachments; a six-inch compass with pen, 
pencil, and divider attachments, and lengthening bar. 
In addition, the following are necessary: 


Drawing board 12” scale 
T-square Centimeter scale 
45 degree and 30-60 Thumb tacks 
degree triangles 
French curves Erasers 
Lettering pens Drawing ink 
Pencil sharpener Pencils (2H and 6H) 
Protractor Drawing paper 
Erasing shield Oil-stone (for care of pens) 


The use of instruments is fully covered by standard 
texts. 


SCALE AND SIZE OF DRAWING 


When practicable, chemical drawings should be made 
to scale. It is obvious that an extensive set-up of ap- 
paratus would not be drawn to exact scale, while a work- 
ing drawing for a piece of glass apparatus would be. 
In the majority of cases chemical drawings will be 
made with their component parts in proportion to each 
other, but not necessarily to scale. A word may be said 
regarding the size of the completed drawing. A large 
drawing is usually more easily executed than a small 
one, and on reproduction for publication, defects will be 
“smoothed over’ by using a large reduction ratio. 
For general purposes it is considered good practice to 
make the finished line drawing two or three times the 
size of the desired cut. It may be noted that on draw- 
ings for reproduction, any irregularities may be cor- 
rected by painting out the error with white paint or, if 
it is desired to shift lines or figures, they may be inked 
on a separate piece of paper and pasted in the corrected 
position. 


APPLIED GEOMETRY AND SELECTION OF VIEWS 


A fair knowledge of geometry is a requisite if the 
draftsman is to do more than copy drawings or sketches. 
The generally useful theorems such as dividing a line, 
circumscribing, and constructing the common geo- 
metrical shapes, both plane and solid, should be re- 
viewed or reference should be made to a standard text. 

The general principles of orthographic projection 
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apply to chemical drawing as well as to mechanical 
drawing, except in the number of views required to il- 
lustrate an object. In chemical drawing, as a rule 
one or, at most, two views will be sufficient to indicate 
the lay-out of apparatus. The plan view (from above 
or the top), or the front view, are those in general use. 

When it is desired to show more clearly the interior 
construction of an object a view is made “‘in section.” 
That is, part of the object is cut away and the interior 
is visible. The surfaces cut from the object by the 
cutting plane and represented by the sectional view 
must be ‘‘section-lined”’ or ‘‘cross-hatched,”’ to indicate 
that they are not actual surfaces of the object. The 
material of which the part is formed may be indicated 
by the type of section-lining used. Standard section- 
lining or cross hatching will be considered in Part II. 
Section views are used to a large extent in drawings for 
publication, since the number of views is decreased and 
the material of construction can be indicated. 

Another type of view frequently used is the isometric 
drawing. This is an attempt to combine the pictorial 
effect of the artist’s view with the mechanical view, in- 
cluding the ability to measure the lines of the drawing 
correctly. Isometric drawing is difficult if the object is 
complex or is composed of curves and curved surfaces. 
However, it presents the picture of an object more ef- 
fectively than does the ordinary line drawing. 


STRUCTURE OF LINES 


A set of conventional symbols covering all the lines 
needed for different purposes in chemical drawing is 
given in Figure 1. It is not possible or desirable to 





Shade line 





Visible outline 
Invisible outlime ee 
Center line wines a 
Dimension line = ee) 
Extension line ecrcaiastios eee 
Adjacent parts (alternate positions) —— — —— —— —— ——— — 
Cutting plane 
Breaks 
Cross-hatching line Sicsauinuas ee ae 


Line of motion a caiian Snider bi eine ata aa tor aa toda we 
FIGurE 1 
Reduced to !/; original size in reproduction. 


set an absolute standard of weight for lines, since varia- 
tions will occur with different-size drawings; the con- 
trast, however, should be maintained. The visible 
outline will, as a rule, be between 0.4 mm. and 0.8 mm. 
in thickness. 

LETTERING 


It is considered good (and standard) practice in 
chemical drawings to use the lettering known as ‘“‘bold 
face, commercial Gothic, vertical single stroke’’ for the 
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designation of parts, the legends, titles, and notes, 
This lettering is shown in Figure 2. It should be the 
general policy, in chemical drawings, 


ABCDE to limit the lettering to reference let- 
FGHIJK ters or numerals, and to instances 
LMNOP where the accompanying text cannot 
ORST U treat the desired information necessary. 
VWXYZ The indiscriminate use of lettering, 
1234567 which could be replaced by printing, 
890: is not only a waste of time but makes 

FIGURE 2 for an unfinished appearance. The 


Reduced to '!/; 
original size in re- 
production. 


essentials of lettering should be re- 
viewed by reference to a standard text. 


DIMENSIONING 


The “rules for dimensioning’ as found in standard 
texts apply to the chemical drawing. The units are 
another proposition. Considerable lack of uniformity 
exists in the units employed in drawing. The metric 
system belongs to the chemist; his supplies and equip- 
ment are requisitioned and sold by that system, and 
yet chemical drawings still have dimensions in the 
English system and, not infrequently, in both systems. 
Except for working drawings where standard machine 
parts are used, it is urged that the metric system be used 
for all dimensions and measurements. 


SHADING 


In drawings it is the customary practice to represent 
the outline by a uniform bold full line. By doubling 
the thickness of the line as in shading, it is possible to 
improve the appearance and legibility of the drawing. 
Shading is used to advantage in technical periodicals 
where space is limited and the definition of shape is the 
predominant feature. The theory of shading can be 
ascertained by reference to a text; it is sufficient to 
say here that the simple rule of shading the lower and 
right-hand lines of all views will usually suffice. 

Line shading is a method of representing the effect 
of light and shade by ruled lines. It is difficult to exe- 
cute satisfactorily and is used but little by the average 
draftsman. It aids definitely, however, in giving the 
appearance of relief and an effective finish to illustrations. 


PROCEDURE IN MAKING A DRAWING 


a. Data. Survey all data available, having informa- 
tion as complete as possible. Make use of drawings of 
like nature, photographs, and descriptions. 

b. Requirements of the Drawing. The finished sheet 
must bear all information required by the drawing, 
including, of course, references to the text. The sub- 
ject must be presented in a form most desirable to its 
intended users. In chemical drawing for use by pub- 
lication in periodicals, drawings representing average 
practice by the chemical draftsman are to be preferred 
to those of a highly technical nature. 

c. Planning the Drawing. ‘The principal view is se- 
lected and the position of the view which conforms to 
good practice is determined. The dimensions of the 
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sheet are choosen in conformity with the suggestions 
previously given. The scale which will best meet the 
requirements is selected. The general arrangement 
of the sheet should be planned by freehand drawing 
if necessary, sketching in with light pencil lines. 

d. Execution of Drawings. Border lines are seldom 
used on drawings for technical publications. Light 
pencil lines are used to “‘block-out” or locate the views 
on the sheet, as decided in the planning step. 

“Finishing” the drawing consists in inking in the 
picture and dimensions, with firm lines of proper struc- 
ture as previously recommended. The order of inking 
is most important and is as follows: 


First, ink all solid circles. 

Second, ink dotted circles and arcs. 

Third, ink any irregular curved line. 

Fourth, ink straight full lines in the order: 
cal, inclined. 

Fifth, ink straight dotted lines in the same order. 

Sixth, ink center lines. 

Seventh, ink extension and dimension lines. 

Eighth, ink arrow heads and dimensions. 


horizontal, verti- 
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Ninth, section-line all cut surfaces, 

Tenth, add letter notes and references. 

Eleventh, the name and address of the author should be in 
pencil, on the margin of all sheets. 


A word might be added concerning the mailing of 
drawings. They should never be folded. It is best to 
cover the inked surfaces with a piece of tissue paper 
or light tracing paper, sandwich between two layers 
of heavy cardboard, and mail in a heavy manila en- 
velope. If the sheet is too large for an envelope use 
a mailing tube of sufficiently large diameter so that 
creasing will not result. The ends of the tube should 
be covered to exclude dirt and moisture. 

It is not intended that these observations and notes 
should constitute a complete course in drawing, but 
with the aid of the selected references and the sections 
on Conventional Representation, and Arrangement of 
Drawings, which will follow Part I, the average chemi- 
cal draftsman should have a clearer insight into the 
requirements and methods of making acceptable chemi- 
cal drawings. 


ITI. Conventional Representation of Materials and Equipment 


A chemical drawing cannot effectively accomplish 
its mission unless it conveys complete information 
both as to the form and the materials of construction 
of the object. Ina broad sense this is true of all tech- 
nical drawings, since the composition is inferred, as in 
specialized trade drawings, or else use is made of con- 
ventional representations or symbols to convey the 
information concerning composition. Symbols and 
symbolism seem to reek of the past, of alchemy whose 
many secret symbols and signs can be traced through 
the centuries to their use in a modified form today. 
Investigators of 


ferent standards are in what is apparently “good 
usage,” each standard having the backing of an organiza- 
tion or society. Until a definite, universal set of stand- 
ards is formulated and adopted, the best policy lies 
in using those standards considered good practice as 
found in the leading technical chemical publications. 


SECTION-LINING 


When making section views in drawings, a cutting 
plane is passed through the object. The intersected 
surfaces in this sectional view must then be “cross- 

hatched” or ‘‘sec- 
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FIGURE 4 


tion-linings are indicated in selected references, p. 27. 
LABORATORY GLASSWARE 


The frequency of illustration of chemical glassware, 
whether in the laboratory notebook or the patent office 
drawing, suggests the importance of this phase of drafts- 
manship. The multiplicity of illustrations of chemical 
glassware in apparatus catalogs, texts, and publications 
leaves little to be desired in the way of models to fol- 
low. The plane line drawings required are simply exe- 
cuted, and yet glaring errors in depiction of the simplest 
apparatus can be found by a perusal of our chemical 


publications. Figure 4 shows four drawings of an 
Erlenmeyer flask; the first three might be termed 
“variations,” and the fourth accepted as a fair model. 


The model is about the most easily draftable which 
presents a good picture of the object. Simplicity 
should be the keynote in most cases, the object being 
presented in outline alone, and details used only when 


Ammeter 
Voltmeter 
Galvanometer 
Wattmeter 
Watt-hourmeter 
Ohmmeter 
Frequency meter 
Asymmetric cell 
Rheostat 


10. Condenser 

11. Variable condenser 10 
12. Battery 

13. Variable inductance 

14. Inductive resistance 

15. Shunt 

16. Transformer 

17. Shunt motor 

18. Series generator 

19. Compound motor 

20. 3-Phase induction motor 

21. Single-phase alternator 

22. 3-Phase alternator 

23. Synchronous converter 

24. Auto-transformer 

25. Crossing and joined wires 

26. Double- pole single-throw switch 
27. Variable resistance 

28. . Resistance 

29. Non-inductive resistance 
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= 
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30. Motor generator 

31. Buzzer 

32. 2-Element vacuum tube 

33. 3-Element vacuum tube 

34. 4-Element (shielded grid) tube 
35. a. c. heater type detector 

36. No filament rectifier 

37. Glow lamp 


@ 
n 


Pheteciouio cell 

39. Full-wave filament rectifier 
40. Ear-phones 

41. Transmitter 

42. Rectifier 

43. Circuit breaker 

44. Fuse 40 4l 
. Are-light 

46. Circuit breaker, two-pole 
47. Rotary spark-gap 

48. Spark-ga: jap 

49. Quenched spark-gap 

50. Horn-gap 

51. Counterpoise ‘ 
52. Incandescent lights 

53. Ground 

54. Antenne 


— 
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necessary. A stopcock when drawn 
alone would probably be shown in sec- 
tion, but in an apparatus “set-up” it 

should be indicated by outline only. 
Figure 5 shows some selected draw- 
ings of chemical glassware which rep- 
resent good practice. It would be 
ideal, but obviously impractical, to pre- 
sent a whole series of drawings for use 
as models. These few, however, will 
indicate the general trend to be followed in making 
satisfactory drawings of chemical glassware. It may 
be noted by reference to the above plate how the use 
of heavy lines in the outline emphasizes the object. 
The weight of the lines used 
in the volumetric flask and the 
Florence flask is probably the 
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most satisfactory for general I > @ 
use. 3 

Another incidental point a : 
may be mentioned in connec- t ) 4 
tion with the drafting of rub- Sued 


ber, glass, and metallic tubing. 

Figure 6 indicates a few ex- 

amples. No. 1 is satisfactory for representation of 
rubber or metallic tubing, using, of course, the ap- 
propriate section-lining. Nos. 2 and 3 are not con- 
sidered good practice in indicating glass tubing, No. 
4 being the preferred method. It will be noted in 
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No. 4 that the vertical line indicating the end of the 
tube is lighter in weight than the horizontal lines 
which refer to thickness of walls of the tubing. 

It is obvious that such comments could be extended 
but the few points brought to attention should indicate 
that regard to detail is necessary and is the criterion 





Eye bolt 

Stove bolt 

Standard hexagonal bolt and nut 

Set screw 

Machine screw 

Full head rivet (one side flat) 

Conical rivet (one side chipped and countersunk) 
Helical spring 

Spring (simple form) 


SlrPNean OD 


Pulley 
Solid round bar, conventional ‘‘break’’ 
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Hollow round bar, conventional “‘break’’ 
Rectangular bar, conventional ‘“‘break’”’ 
Wood 


Pipe elbow (screw) 
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Pipe elbow (flanged) 
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Pipe tee (screw) 
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Pipe union 
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Pipe coupling 
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Pipe strainer 


to 
™ 


Pipe valve (screw) 
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. Pipe relief valve 
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Pipe check valve 
Drilled hole 
-. Tapped hole 
. Countersunk hole 
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Non 


. Scale 

Wood screw 

. Round head wood screw 
. Nail 

Tack 

- Rope 

. Chain 
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in general practice. Supplementary symbols may be 
found in sources indicated in selected references, p. 27. 


MACHINE PARTS 


This section is designed to aid the chemical draftsman 
who is not familiar with the general principles and prac- 
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FIGURE 8 


that distinguishes between the draftsman and the 
“sketcher” in chemical drawings. 


ELECTRICAL APPARATUS 


The ever-increasing number of electrical applications 
to chemical problems, such as potentiometric and con- 
ductimetric titrations, photoelectric colorimetry, elec- 
troanalysis, all require that the chemical draftsman be 
conversant with methods of representation of the ap- 
paratus and equipment used. In most cases the drafts- 
man represents electrical apparatus symbolically. The 
complexity and difficulty of drawing the apparatus itself 
is eliminated by the use of satisfactory symbols. The 


symbols in Figure 7 are those occurring most frequently 


tice of graphic representation of machine parts—a study 
which is usually made only by the mechanical drafts- 
man. In working drawings a symbolic representation 
of standard machine parts such as screws, bolts, springs, 
valves, nails, etc., may simplify the drawing and still 
present the necessary comprehensive information. 
These approximate representations conform to no 
definite standard, each drafting body setting up its 
own standards. Figure 8 shows a collection of the 
more frequently used symbols of machine parts, all of 
which are reasonably well established as ‘‘standards’’ 
in the drawing profession. A more detailed and com- 
prehensive study of this subject may be found in the 
literature. 
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The second instalment of this series of articles will deal with the general arrangement of drawings, including 
detail drawing and the finished sketch.) 





TYPES of GRAPHIC CLASSI- 
FICATIONS of the ELEMENTS’ 


I. Introduction and Short Tables 
G. N. QUAM 


Long Island University, Brooklyn, New York 


AND MARY BATTELL QUAM 
New York Public Library, New York City 


A bibliography of periodic tables, beginning with the 
work of Mendeléeff and Meyer, is presented. The tables 
are classified into five definite types and each type is treated 
chronologically with illustrations and descriptions. 


++ oe ore + 


INTRODUCTION 


HE average student of chemistry does not obtain 

a comprehensive view of the various systems of 

classification of the elements from his reading of 
textbooks and books of reference. Even a perusal of 
the literature may not result in an orderly picture of the 
developments of types of classifications. Since the 
publication of the excellent treatise on the periodic law 
by Venable (1) a number of books (2, 3, 4, 5, 6, 7, 8) 
with similar titles have appeared. Among textbooks, 
the one by Caven and Lander (9) no doubt is still unique 
in its thorough treatment of “Systematic Inorganic 





* This study was begun as a bibliography prepared by the 
second author for a course in “‘Subject Bibliography,” taught by 
Dr. Harriet D. MacPherson, School of Library Service, Columbia 
University. 


Chemistry from the Standpoint of the Periodic Law.” 

The authors of this paper do not pretend to supply 
a need for an up-to-date comprehensive treatment; 
they believe, however, that the classification of systems 
as to type is unique and will prove to be a means to 
a better understanding of systems of classification of 
the elements. No claim is made that such a classifica- 
tion is the only, or even the best method of approach. 
The attempts to classify the elements up to the time 
of the pronouncement of the periodic law seem to lend 
themselves readily only to the chronological treatment. 

Every text or reference book devoting one or more 
chapters to the classification of elements makes the 
student familiar with the notable contributions of 
Dalton (Table of Atomic Weights—1803), Prout (Hy- 
pothesis—1815), Débereiner (Triads—1829), and New- 
land (Law of Octaves—1865). Among the less familiar 
may be mentioned Cooke for his unique table of classi- 
fication (1854); Odling for his extension of the work on 
triads resulting in a “Natural Grouping of the Ele- 
ments” (1857); Williamson for a ‘Classification of 
the Elements in Relation to their Atomicities” (1864), 
which made application of the excellent contribution by 
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Cannizzaro; and lastly, Hinrichs, whose “Chart of MEYER—1870 (12): Although vertical, Meyer’s 


the Elements’ (1867) may very well be considered the 
first of the spiral systems of classification in much the 
same way that we think of the telluric screw of de 
Chancourtois as the first of the helical systems. Al- 
though Hinrichs was a devoted proponent of the Prout- 
ian hypothesis and a vigorous critic of the periodic 
law, he concluded his ‘‘Programm der Atomechanik, 
oder die Chemie eine Mechanik der Panatome’’ (10) 
with the remarkable statement, ‘“The properties of the 
chemical elements are functions of their atomic weights.” 


CLASSIFICATIONS BASED ON THE PERIODIC LAW 


Since the announcement of the periodic law by Men- 
deléeff (1869), a larger and more varied array of sys- 
tems of classification has appeared. Each new effort 
has arisen from the author’s attempt to overcome ob- 
jectionable features of systems then in the litera- 
ture, and to produce a more useful instrument. The 
average student of chemistry cannot hope to ac- 
quire a mental picture of each individual system in 
its chronological order, but through an orderly arrange- 
ment of types, a fairly comprehensive view can be 
obtained. It was with the hope of attaining this latter 
objective that the authors entered upon this study. 
Through the study of books, articles, and photostatic 
copies or tracings of the various types of classifications, 
five or six distinct types of systems, based on graphic 
arrangement primarily, have been discovered. Only 
those systems for which copies of tables could be ob- 
tained are included in the bibliography. Each type of 
classification is indicated by naming one notable ex- 
ample; thus, I, Short Chart (Mendeléeff type); II, 
Long Chart (Werner type); III, Long Chart (Bayley 
type); IV, Spiral Arrangement (Baumhauer type); 
V, Helical Arrangement (Harkins type); VI, Miscel- 
laneous (distinctly individual classifications). 


I. SHORT CHARTS (MENDELEEFF TYPE) 


Although short charts had been presented at earlier 
dates, those of Mendeléeff and Meyer are the first syste- 


table, produced independently and practically simul- 
taneously, bears a marked resemblance to the horizon- 
tal short table of Mendeléeff. A mirror image of the 
latter’s table, cut between the second and third groups, 
and the left strip placed along the right edge, would 
make a fairly accurate reproduction of Meyer’s table. 
In his ‘Modern Theories of Chemistry’’ (13) he produced 
a much improved table of the ““Mendeléeff type,” and 
suggested the possibility of rolling it on a vertical cylin- 
der in such a way that Ni is joined to Cu, Pd to Ag, and 
Pt to Au, thus showing the continuity of a spiral. His 
atomic volumes curve, which demonstrates graphically 
the periodic law, is, however, the contribution with 
which we associate the name of Lothar Meyer most 
generally. 


GRETSCHEL and BORNEMANN—1883 (14): An ar- 
rangement based on the horizontal tables by Meyer and 
Mendeléeff is described. Cu, Ag, and Au are not 
listed in group VIII. The groups are called families, 
and the subgroups are listed as groups “A” and “B.” 
The eighth group elements are all listed in ‘group 
B.” The few rare-earth elements then known are con- 
solidated in their ‘family III, group A.” 


DEELEY—1893 (15): This author claimed to have 
arranged the elements more in accord with their prop- 
erties than preceding investigators had done. There 
are nine columns or groups. The Li and Na periods 
read from right to left; Na, however, is shifted to the 
left end of its period. All other periods read from left 
to right, and then right to left, ending with the: halo- 
gens in the third column from the left side. The so- 
called alkali, alkaline earth, halogen, sulfur, phosphorus, 
carbon, aluminum, magnesium, and copper (headed by 
Li) families appear in order from left to right. Fe, 
Ru, and Os form family A in the seventh column; Mn, 
Rh, Ir, in the eighth; and Ni, Co, Pd, Pt, in the ninth 
(each in order of atomic weight in its respective series). 


VENABLE—1895 (16): Venable suggested that “the 
idea of periodicity be subordinated at least until it 
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verge two subgroups, generally triads’ (1). The except that new elements, atomic numbers, group zero, 


emphasis appears to be placed on the regularity of 
increments in atomic weights and properties. 


ARMSTRONG—1902 (17): This table consists of six- 
teen columns, and the elements are arranged in series 
from left to right beginning with H in the first column 
and first series, and ending with U in the sixteenth 
column and last series. Each element is given a whole 
number regardless of its exact atomic weight. The 
author regarded argon and similar elements as poly- 
atomic, like nitrogen. Since the elements of the argon 
family are considered diatomic, their positions are 
unusual. The first complete horizontal series is: 
1H, 2 He, 3, 4, 5, 6, 7 Li, 8, 9 Be, 10 Ne, 11 B, 12 C, 
13, 14 N, 15,160. The “‘dominant principle on which 
the arrangement is based is that of maintaining ele- 
ments which belong to the same family in the appro- 
priate column.” 

BRAUNER—1902 (18): This table (Figure 2) is 
practically identical with the Mendeléeff short table, 
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RYDBERG TABLE 








FIGURE 3.—THE 





and more exact atomic weights are introduced. 
Through a thorough study of the rare-earth elements, 
Brauner concluded that all should be placed in a 
miniature table following La and preceding the space 
now occupied by Hf. 

BILTZ—1902 (19): To simplify the classification, the 
author eliminated the eighth group and the detailed 
list of rare earths, and represented each of these aggre- 
gations of elements by the symbol of a representative 
preceded by a summation sign. The eighth group 
elements are indicated as family A of group VII. 

ZENGHELIS—1906 (20): This attempt to improve 
the table resembles that of Biltz, except that Zenghelis 
gave in brackets the complete list of elements in place 
of abbreviating with a summation sign. 

BAUVER—1911 (21): The eighth group is reinstated, 
giving place to the groups of elements consolidated in 
the seventh group by Biltz and Zenghelis. Bauer 
separated the complete table on a line between the 
fourth and fifth groups, permit- 
ting a rectangular space between 
Sn and Ce on the left, and Sb and 
Ta on the right for the remainder 
of the rare-earth elements. 


RYDBERG*—1913 (22): A chart 
(Figure 3) is developed from a 
consideration of the theories of 
atomic structure and valence. The 
first period starts with He and 
extends to the right to C, and 
then doubles back, causing F to 
fall in the same column with Li; 
likewise, Cl falls in' line with Na 
in the next period. The first long 
period establishes the extreme right 
column with Co, thus placing Br 
under K. The rare earths cause 
their period to occupy four lines 
across the chart, two to the right 
and two to the left. The most 
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electropositive and electronegative elements appear 
in group I. On the basis of atomic structure, the ar- 
rangement shows elements other than H preceding He, 
as well as beyond U. 

DUSHMAN—1915 (23): The Mendeléeff table is 
brought up-to-date to include the zero group elements 
at the left, the body of rare-earth elements as an en- 
largement of the position we could expect to be occupied 
by a single element in group III, and the isotopes of 
the radioactive elements. 


DAUVILLIER—1]922 (24): A new table is proposed 
in which modern theories of atomic structure determine 
the positions of the elements. It differs from the 
ordinary table mainly in the sixth group, which con- 
tains in the potassium series, Mn, Fe, Co, Ni, in addi- 
tion to Cr, as members of family A, and the corre- 
sponding elements of the rubidium and cesium series 
hold analogous positions; the sulfur family elements 
constitute family B, as usual. Group VII contains 
the halogen family only, and group VIII, the helium 
family. The remainder of the rare-earth elements are 
indicated with Ce in group IV; these fourteen elements 
which follow cerium, are listed below the table in two 
horizontal lines. 
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RENZ—1922 (25): A suggested improvement in 
Mendeléeff’s table, by vertical elongation, gives space 
to a single vertical column of all the rare-earth ele- 
ments in group III, family A. 

SEARS—1924 (26): This table has been constructed 
to emphasize, by lines, the distinctions between families. 
An attempt has been made to show the relationships of 
the elements of the lithium and sodium periods to those 
of the long periods. A second table (27) has been de- 
signed to show group and family relationships by a 
third dimension, and by arrows, to indicate the order 
of increasing activity and basicity. 

GEAUQUE—1925 (28): Geauque has retained the 
eight groups of the Mendeléeff table and has utilized 
the Rydberg arrangement. Group VIII is usual, but 
the elements from La to Hf, inclusive, form a miniature 
Rydberg table within the limits of groups I and IV. 
These latter elements and Sc and Y are inclosed by a 
heavy line. 

ROLLA—1928 (29): A typical Mendeléeff table is 
presented, but H is placed before He without group 
designation. Although families ‘‘a” and “‘b” are indi- 
cated in the group headings, the elements are arranged 
in straight vertical lines. The rare-earth elements are 
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listed in two horizontal rows, from Ce to Tb, and Dy to 
Hf. The enclosure may lead the student to think 
that the rare-earth elements are Ce to Hf, or atomic 
numbers 58 to 72, inclusive. 


SILVERMAN—1928 (30): This table is, as the com- 
piler states, ‘‘Mendeléeff’s Periodic System of the 
Elements.” In modernizing the table, group 0, 
atomic numbers, periods, and many new elements have 
been added. The rare-earth elements are enumerated 
at the bottom of the table and blank spaces are indi- 
cated as in the original. The period containing the 
rare-earth elements is numbered 5 and 6. 


HUBBARD—1928 (31): This is a typical short table 
in which the helium family appears both in group zero 
and in group eight; the rare-earth elements are indi- 
cated by inclusive atomic numbers in group III, and 
are named at the bottom of the table in two horizontal 
lines. The table is crowded with much physical data 
usually sought in handbooks. 


CENTRAL SCIENTIFIC COMPANY—1930 (32): This 
table appears to be a slightly modified Brauner table 
(Figure 2) brought up to date. The elements Pr to 
Hf, inclusive, are listed as the rare-earth elements in 
an enclosure in groups III and IV under La and Ce, 
and preceding Ta. 


MITRA—1931 (33): The author claims to have 
combined the periodic chemical chart and the electron 
configuration chart. The groups read horizontally 
from left to right; group I starts at the top with H and 
Li, while VIII, at the bottom, includes the helium 
family, in addition to the usual group VIII elements. 
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The table is designed to show electron levels and quan- 
tum values of orbits. The elements Ce to Lu are 
placed in an enclosed series extending from group 
III to group VII, inclusive. 

SHEMYAKIN—1932 (34): The helium family is 
placed in group VIII in this typical ‘‘Mendeléeff”’ table. 
The rare-earth elements, however, are distributed across 
the table in three series from group III to VIII, inclu- 
sive. The author has very definitely placed the ele- 
ments of the lithium and sodium periods in families; 
Li and Na are in family A, and all others, including the 
inert elements, in B families. 

Quam—1933 (35): The chart (Figure 4) is a modi- 
fication of the Brauner table. The heavy black lines 
maintain the continuity of each period. An effort 
has been made to indicate families by alignment in 
each group. Thus the positions of Be and Mg indi- 
cate a closer relation to Zn and Cd than to the alkaline- 
earth elements. The non-metals, other than the zero 
group elements, are indicated by shading, and the rare- 
earth elements by the dotted rectangles in group III. 
The so-called inert elements are placed in group 0 
at the right to show the completion of the stable atomic 
arrangement, and also to show the transition from the 
extreme electronegative elements of one period to the 
extreme electropositive of the next. 


CONCLUSION 


Several of the short tables cited may appear to be 
unlike the Mendeléeff table in minor details as to form, 
but the authors in all cases have been guided by the 
principles of the periodic law. 
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NOTE on the FORMATION 
of CHROMATIC GELS 


MIKE A. MILLER 


University of Michigan, Ann Arbor, Michigan 


A method 1s described for the preparation of chromatic 
gels. This method is a modification of the method de- 
scribed by Holmes for the preparation of chromatic emul- 
sions, a coagulating liquid having an index of refraction 
of the same order as the liquids of the mixture being added 
to the emulsion io cause gelation. Such a liquid is chloro- 
form. 


+++ +o + 


The so-called ‘‘Christiansen effect’’ (1), (2), and its 
modification, the chromatic emulsion as described by 
Holmes (3) and Holmes and Cameron (4), is a well- 
known phenomenon. A case is described by Holmes 
(5) in which benzene is substituted for carbon bisul- 
fide and the cream of such an emulsion, though not as 
vivid as with carbon bisulfide, settles much sooner 
and forms a semi-rigid gel, retaining the chromatic 
properties of the true emulsion. Holmes states that, 
upon creaming, the dispersed phase in the form of 
minute spheres is forced into such a position that 
the droplets are flattened and a gel results. Holmes 
and Cameron (6) also describe the use of cellulose ni- 
trate as an emulsifying agent, pointing out that the 
cellulose nitrate forms a film around the particles of 
the dispersed phase. 

By the addition of a coagulating agent to a chromatic 
emulsion it should be possible to produce a rigid gel 
immediately, without the process of creaming. The 
chromatic properties should be identical with those of 
the emulsion except in so far as they are modified by 
the coagulator. Accordingly, the principle of forma- 
tion of organo-gels (7) was applied to a chromatic emul- 
sion, and the result was a rigid chromatic gel. 

Such a gel may easily be made in the following man- 
ner. Four volumes of glycerol are shaken with four 
volumes of three per cent. solution of cellulose nitrate 
in amyl acetate. Two volumes of carbon bisulfide are 


added and the mixture is shaken. This is followed by 


the addition of sixteen volumes of glycerol with shaking, 
and just enough carbon bisulfide to clear the mixture 
and produce a chromatic effect. Now enough more 
carbon bisulfide is added to cause the disappearance of 
the color. At this stage, chloroform is added in small 
amounts, shaking after each addition, reversing the 
chromatic scale, until gelation takes place. Since 
this is a somewhat sudden process, additions of the 
coagulating agent must be small and added cautiously. 
By adjusting the relative proportions of carbon bisul- 
fide and chloroform, various chromatic effects may be 
produced in a rigid gel medium. Carbon tetrachloride 
tends to give a reaction similar to chloroform. The 
mechanics of the gelation most probably involve coagu- 
lation of the adsorbed layer of cellulose nitrate, as de- 
scribed by Holmes. 

Gels of this type, besides being much more rigid than 
those produced by Holmes, are vividly colorful, since 
carbon bisulfide is used instead of benzene. If left 
open to the air, such gels lose their chromatic properties 
and become cloudy white, due to the evaporation of 
volatile constituents. When kept in stoppered or 
sealed-off tubes, however, they should remain perma- 
nent indefinitely. 
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The STORY of ZINC. 


ce 


H. R. HANLEYt 


School of Mines and Metallurgy, University of Missouri, Rolla, Missouri 


This instalment, the third in “The Story of Zinc,” 
embraces the electrolytic method of production. A history 
of the process 1s given and reasons are presented for the 
long delay in commercial application after the process 
was known. Fundamental concepts as well as operating 
characteristics are described embracing leaching, settling, 
filtration, purification, and deposition. 


+++ eo + 
THE ELECTROLYTIC PROCESS 


HE first published account of the experimental 

work that produced cathodic zinc was presented 

in 1881 by M. Letrange, of France. He stated 
that to operate the process, the ore must be roasted, 
then leached with dilute sulfuric acid. The primary 
solution thus obtained was purified and then subjected 
to electrolysis which produced metallic zinc at the 
cathode and sulfuric acid at the anode. The cell-acid 
thus formed was used for leaching a fresh lot of roasted 
ore. These sequences embrace what is known as a 
cyclic process. Following initial effort, other men con- 
tributed materially to the process: Nahnsen, Cowper- 
Coles, Ashcraft, Lasczynski, and Siemens-Halske. 
The electrolytic process of the present day comprises 
the principles known to these men. 

The commercial process was developed in 1914- 
16 and produced zinc on a commercial scale a year or 
two later. The long interval between the inception 
of the principles and the commercial development was 
due to the following causes: the inability of ore-dress- 
ing methods to produce a high-grade major mineral 
concentrate; the unsatisfactory status of the art of 
economically separating slime from solution; the ab- 
sence of dependable methods of solution purification; 
and the high cost of electric power. 

A high-grade zinc concentrate will contain a low 
percentage of iron. Inasmuch as this metal oxide 
combines with zinc oxide to form an insoluble ferrite 
during roasting, the lower the iron in the concentrate, 
the higher will be the solubility of the zinc in roasted 
concentrates. Furthermore, the weight of the residue 
resulting from leaching will be low if the roasted concen- 
trate contains a high percentage of zinc. The low 
weight of the residue permits more effective washing 
of the entrained solution from it without causing undue 
dilution of the solution. The mechanizing of settling 
and thickening made vacuum filtration feasible. The 
solution contains approximately 100 g. of zinc per liter; 
consequently effective washing of the filter cake be- 
comes necessary if high losses of zinc are to be avoided. 


* Part I appeared in the October issue; Part [I in November. 
t Mining and metallurgical engineer, professor of metallurgy. 





Commercial methods of purification were slow of de- 
velopment even though the chemistry of the act was 
known for a long time. The earlier processes did not 
have dependable methods for the purification of the 
solution. There are many other factors of vital im- 
portance, but they are secondary to those of purifica- 
tion, which if not effective will cause a defeat of the 
process. 

The cost of power is one of the largest single items in 
the economics of operation. There have been revolu- 
tionary economies developed in the burning of coal in 
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powdered form and this has materially lowered the 
weight of the coal burned per kilowatt hour developed. 
Power can be generated from coal and profitably sold 
in large blocks at 4 to 41/2 mills per Kw.-hr at 100% 
load factor when coal costing $2.00 per ton is used. De- 
pendence on hydroelectric power, therefore, is no longer 
necessary. 

The four causes that contributed to the elapse of 
time between the inception of the hypothetical process 
and the development of the commercial production of 
electrolytic zinc embrace only the foundations of the 
process. The perfect codrdination of all of these con- 
tributing causes became necessary for the successful 
operation, and accordingly became the governing factor 
in the process. 

The flow of materials through an electrolytic zinc 
plant is shown in Figure 8. Zinc sulfide concentrate 
in a finely divided state (flotation concentrate) is de- 
livered to a roasting furnace where this concentrate is 
oxidized at approximately 750°C. The roasted ore, 
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Manganese dioxide is added to the contents of this 
tank to oxidize the iron to the ferric state while the 
solution is still acid. The acid solution is gradually 
neutralized with additional calcine or in some cases 
powdered limestone. It is essential that a certain 
amount of iron be present in solution before complete 
neutralization. This iron is to effect the complete 
absorption of arsenic and antimony as it hydrolyzes— 
an action that occurs upon complete neutralization. 
Insoluble ferric arsenate and antimonate are the com- 
pounds formed at neutrality but it is impossible to pre- 
cipitate these metals when present in low concentra- 
tions unless there is a very large excess of soluble iron 
present. Otherwise true chemical compounds are 
formed with the equivalent weight of soluble iron. 

The neutral pulp is next delivered to a Dorr thick- 
ener in which a continuous separation of the liquid and 
solids is made. The thickened slime is delivered to a 
vacuum type filter, such as the Moore, Oliver, or Ameri- 
can, where the solids are further separated from the 
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FIGURE 9.—FLOW-SHEET, GREAT FALLS, Montana, 150-Ton Zinc Piant (Aucust, 1919) 


The electrolytic zinc cell produces the final product, 
cathode zinc, and the product first used in the process, 
sulfuric acid. The acid solution, containing 25 to 30 
g. Zn and 100 g. sulfuric acid per liter, is delivered to 
the leaching tank where it is agitated with the calcine. 


filter operation, the Moore vacuum leaf may be em- 
ployed with effect. The Oliver or American are con- 
tinuously revolving filters with a limited time for wash- 
ing, but the economy of operation permits the dis- 
charge, re-pulping with water or weak solution and a 
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second filtration. The washed residue which in weight 
might be 40% to 50% of the calcine, may contain such 
metals as lead, gold, silver, and copper in addition to the 
insoluble zinc and are usually shipped to a lead smelter 
for reduction. 

The filtrate joins the clear overflow from the Dorr fil- 
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ter and is delivered to a purification tank to which zinc 
dust is added. The addition of zinc dust causes the 
precipitation of copper and cadmium when properly 
effected. The zinc dust precipitate containing metallic 
copper and cadmium is delivered to the cadmium de- 
partment of the plant where it is treated for the produc- 
tion of this metal. The solution from the zinc dust 
treatment is settled and passed through a hardwood 
plate and frame filter press and then to a storage tank 
which supplies the electrolytic cells. 

The flow-sheet (Figure 9) gives a general idea of the 
operations without reference to important problems 
that have to be met in various departments or to the 
economic side of the operations. 

The Anaconda Copper Mining Co. (26), and the Con- 
solidated Mining Co. of Canada use the continuous 
system of leaching and purification, a system which is 
more economical, especially for large ,plants. The 
general scheme involved for successful continuous leach- 
ing is embraced in the following description. There are 
two leaching circuits, one acid and one “neutral.” 
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FicureE 11.—Dorr THICKENER 


All of the calcine is added to the neutral circuit at a 
time when the iron is completeiy oxidized to the ferric 
state. The pulp suspension is agitated by means of 
air in Pachuca tanks (see Figure 10) placed in series. 
Agitation is carried on for a sufficient length of time to 
develop potential coagulation or granulation of the 
substances possessing a colloidal nature. 

The end Pachuca in the series delivers the pulp 
suspension to suitable classifiers to separate the sandy 
or crusted particles from the slime. The slime con- 
taining a large excess of unextracted zinc oxide is then 
delivered to the neutral Dorr thickener (see Figure 11) 
circuit where a continuous separation of primary solu- 
tion from the slime goes on. The sand particles are 
ground, again classified, and delivered to the same cir- 
cuit. The solution is commercially pure with respect 
to iron, arsenic, and antimony but contains copper and 
cadmium as impurities. The slime is now delivered 
to the acid circuit where it is selectively leached in order 
to dissolve the zinc oxide without dissolving, except to 
a slight extent, the precipitated impurities occasioned 
in the neutral circuit. After customary thickening 
and filtration of the acid-treated slime, the slightly acid 
solution is delivered to the neutral leaching circuit 
where it receives conditioning and the calcine as pre- 
viously described. 

The primary solution from ‘the neutral Dorr circuit 
then flows to the zinc dust purification agitators where 
the copper and cadmium are precipitated. The agita- 
tion provided in these tanks is effected by mechanical 
means because the efficiency of this precipitation is not 
so high if air agitation is used. The precipitation is 
accomplished in a selective manner; that is, by removing 
the precipitate before complete removal of the copper 
and cadmium from the solution. The metals in this 
precipitate will be at a higher concentration and conse- 
quently lower in zinc dust than would be the case if 
complete removal of the impurities were made at this 
time. The solution, separated from the rich precipi- 
tate, now receives a large excess of zinc dust to precipi- 
tate the balance of the impurities. This precipitate 
containing essentially unused zinc dust is used for the 
first precipitation of the primary solution, while the 
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solution, now commercially pure, flows to the electro- 
lytic cell circuit. 


DETAILS OF ROASTING 


Zine oxide is completely soluble in dilute sulfuric 
acid but zinc oxide in calcine is never 100% soluble. 
This is due to the formation of compounds of ZnO and 
other metallic oxides which are insoluble in weak acid. 
These compounds, termed ferrites, consist most fre- 
quently of iron and zinc oxides which may be repre- 
sented by the formula: ZnO-Fe.0;. One part by 
weight of Fe combines with 0.584 part of Zn. Consid- 
erable experimental work has been done on the influence 
of iron on zinc insolubility during roasting (27). The 
greatest detrimental influence of iron in this respect 
has been found when zinc sulfide is oxidizing in the pres- 
ence of ferric oxide. The roasting of the mixture of 
ZnS and Fe, at 625°C. for eight hours renders only a 
nominal proportion of zinc insoluble but increases with 
further additions of FeS, and also with increased tem- 
perature. Marmatites, on the other hand, composed 
of compounds of Zn and iron sulfide (e. g., 3ZnS-FeS; 
5ZnS-FeS, etc.) behave differently. All the iron in this 
sulfide compound is found to be combined as ferrite 
(ZnO:Fe,O3) in the roasted product regardless of the 
temperature employed in roasting. Accordingly, pure 
marmatite having the composition of 5ZnS-FeS, when 
roasted at any temperature (600° or 900°C.) will pro- 
duce a calcine in which the zinc is only 90% soluble 
in sulfuric acid solution containing 60 g. H2SO;, per liter. 
Similarly, the roasting of this mineral containing 3ZnS- 
FeS will produce a calcine in which the Zn is only 83% 
soluble. 

Although the operator has no control over the solu- 
bility of the zinc in the calcine produced from roasting 
pure marmatites, he does have control over concentrates 
containing free iron sulfide merely as an admixture. 
In the latter case the solubility will vary approximately 
inversely with the temperature maintained. Table 4 
shows the relative effects of roasting molecular ratios 
of zinc and iron compounds in the free state and also in 
the combined state (marmatite, 5ZnS:FeS) at 625°C., 
for eight hours. 

TABLE 4 


Substances Roasted ZnO Soluble in NHiCl and NHsOH 


ZnS + 2FeS: 91% total Zn 
ZnO + 2FeS2 85.5% total Zn 
ZnS + Fe20s 34.55% total Zn 


90% total Zn 
97.1% (calcine = 4.66% Fe) 


5ZnS:FeS (marmatite) 
10 g. blende 58.23% Zn } 
1 g. pyrite 44.40% Fe 


There are influences present in commercial roasting 
which are not in evidence on a laboratory scale of opera- 
tion; nevertheless the trend of results should be simi- 
lar. 

Zinc compounds insoluble in weak acid are to an 
extent soluble in acid of greater strength at 80°C. 
Consequently it is a common practice in electrolytic 
zinc plants to re-leach the primary leached residue con- 
taining approximately 10% to 14% insoluble zinc with 
acid of greater strength at 80°C., for several hours. 
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Sulfuric acid is lost in the system to a small degree 
through the solution of substances other than zinc. 
Loss is sustained in the form of zinc sulfate in the filter 
cake and also in spills, overflows, etc. These losses 
are in most cases compensated by developing an equiva- 
lent weight of zinc sulfate in the roaster. This is ac- 
complished at temperatures not exceeding 750°C., and 
with a large excess of air in the presence of the natural 
catalytic substances present in the concentrate. All 
zinc plants endeavor to operate with a balanced acid 
system to avoid the purchase of further amounts of sul- 
furic acid. This acid cannot be shipped economically 
for long distances because of high freight rates. 


ARSENIC AND ANTIMONY REMOVAL 


The precipitation of arsenic and antimony in the 
leaching tank is the most important purification step 
in the process. If these substances are not removed, 
electrolytic deposition of Zn is made impossible 
due to corrosion of the deposits. When these metals 
are present in extremely small amounts, the ratios of 
Fe/Sb and Fe/As in solution become very great. Mr. 
C. A. Hansen (28) has determined this ratio for anti- 
It is shown in Table 5, together with figures 


mony. 
for arsenic by Biltz. 
TABLE 5 
HANSEN BILtTz 
g. of Sb/l. Ratio Fe/Sb g. of As/l. Ratio Fe/As 

0.0100 3.9 0.0100 3.7 
0.0050 5.7 0.0050 4.2 
0.0020 8.5 0.0020 5.1 
0.0010 13.0 0.0010 5.8 
0.0005 21.4 0.0005 6.7 
0.0001 43.2 0.0001 9.2 


Commercial electrolysis of zinc sulfate solution in 
the presence of cobalt or nickel in concentrations of 200 
and 50 mg./1., respectively, is uneconomical when the 
electrolyte is high in acidity. The large plants have 
had very little trouble due to nickel because it is seldom 
present in the zinc ores in sufficient quantities to cause 
toxic concentrations by accumulation in the electrolyte. 
Cobalt, however, is frequently present and has caused 
more difficulty than any other impurity, with the excep- 
tion of germanium (29). It may be removed by at least 
three methods, namely: nitroso-§-naphthol; zinc 
dust in the presence of copper and sodium arsenate at 
80°C. (30); and zinc dust in the presence of a minute 
amount of soluble tellurium. Nickel may also be re- 
moved by the last method. 


ELECTROLYTIC CELLS 


A commercial cell consists of a rectangular tank, 
lined with lead or sulfur-sand cement, in which are 
suspended lead or lead-alloy anodes and aluminum 
cathodes. Ralston has developed zinc starting sheets 
similar to those in copper refining practice. A current 
density of 25 to 100 amperes per sq. ft. is applied at a 
potential of 3.3 to 3.8 volts, depending upon the acidity, 
distance between the electrodes, temperature, etc. 
The zinc sulfate solution is decomposed, forming zinc 
at the cathode and SO,- at the anode. A secondary 
reaction then occurs in which the SO," splits up, forming 
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sulfuric acid and oxygen. The latter is continuously 
discharged from the anode in fine bubbles, which 
carry small amounts of the electrolyte into the atmos- 
phere in the form of an attenuated mist. The cathode 
zinc, made from commercially pure solutions, is very 
resistant to corrosion by the acid electrolyte. There 
is, however, a low rate of corrosion taking place, re- 
sulting in the formation of hydrogen bubbles which are 
discharged into the atmosphere. These bubbles also 
take a slight amount of solution with them in the form 
of mist. The presence of impurities in the solution 
increases the corrosion of the zinc and hence the mist. 
A current of from 7000 to 10,000 amperes is applied to 
the cells in series at a potential of approximately 3.5 
volts per cell. With an assumed current density of 35 
amperes per sq. ft., a current efficiency of 90%, with 
cathodes, the dimensions of which are 2’ X 3!/,’, and 
allowing 8340 amperes per cell, the following factors 
represent quantities per cell: 


8340/35 = 238 sq. ft. cathode surface 
238/14 = 17 cathodes 


Assume the spacing to be 4” between electrodes. The 
18 anodes will require 112” in the cell and allowing 12” 
for a cooling coil, the inside length would be about 10.5’. 
The width of the cell would be about 28”. The 8340 
amperes will deposit 20.18 Ib. of cathode zinc per hour 
at 90% current efficiency. This will result in the depo- 
sition upon the cathodes of 483 Ib. per day of 24 
hours and each cathode will gain 28.4 Ib. in that period 
of time. The deposits become rougher with increasing 
age and the current efficiency falls with an increase in 
roughness. Hence the stripping is usually limited to 
a period of operation that will give a current efficiency 
of 90% and this is approximately 24 hours. Altera- 
tion in the weight of deposits may be made by increas- 
ing or lowering the current density. The acidity of 
100 to 125 g. H2SO, per liter is common in the cell elec- 
trolyte, which also contains 25 to 30 g. Zn per liter. 

The commercial electrodeposition of zinc may be 
accomplished under a wide variation of conditions with 
the exception of purity of solution; here the limits of 
concentration are narrow with respect to some metals 
and approach zero with others. Good electrolytic 
deposition is contingent upon the effectiveness of the 
purification, particularly for such metals as arsenic, 
antimony, cobalt, nickel, and germanium. Practically 
all the other common metals are easily removed and 
those which are not are harmless to the electrolytic 
cell. 

All zinc sulfide ores contain manganese in small 
quantities. This element, to some extent, is changed 
to the sulfate during roasting and hence dissolves with 
the zinc in the leaching tank. In the electrolytic cell 
this sulfate is oxidized by the anodic oxygen to man- 
ganate or permanganate, and hydrated manganese di- 
oxide. This deposition, however, is made with very 
low efficiency of the anodic oxygen. Under plant condi- 
tions the efficiency is approximately 1% (31). Rolled 
lead anodes increases the efficiency of the oxygen, espe- 
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cially when the plates are clean. The physical condi- 
tion of the surface of lead anodes alters the efficiency 
markedly. Lead containing 4% thallium occasions a 
greater precipitation of MnO, than pure lead. 

There are no plants operating on solutions free 
from manganese; therefore the effect of the absence of 
this salt on the products of electrolysis, must be de- 
termined on solutions especially treated for its re- 
moval. This is done by the introduction of potas- 
sium permanganate into the neutral solution together 
with sufficient base to inhibit the formation of free 
sulfuric acid. The entire subject of the effect of man- 
ganese on the products of electrolysis is related to its 
concentration in the solution. This thought suggests 
that it may be tolerated until its concentration becomes 
adverse to efficient operation. In a solution that has 
been especially purified to a degree beyond that per- 
mitted in commercial work, manganese in rather high 
concentrations has but little effect on the cathode. 
In a solution that has been purified commercially, the 
combined effect of the residual impurities with high 
manganese concentration lowers the current efficiency. 
Any substance or condition which lowers this factor 
cannot be tolerated in practice. There is a reasonable 
latitude in the factors of electrolysis that will produce 
commercial deposits. It is very important that this 
latitude prevail because irregularities to a certain de- 
gree are always present in the operation of a large 
number of cells. Beyond this latitude, an unstable 
condition results which approaches and may reach a 
condition of dislocation of cell equilibrium. Electro- 
deposition of zinc in acid electrolyte is a race between 
corrosion and deposition of the cathode zinc. When 
conditions approaching dislocation occur, corrosion is 
increasing, the temperature is rising, which further 
increases the corrosion; finally this influence predomi- 
nates and deposition ceases. The endeavor to main- 
tain high current efficiency is based partly on the 
lower power cost resulting therefrom and partly on the 
lower labor cost of operation by virtue of the cell-room 
conditions being in balance. Dislocation not only in- 
creases the labor cost but directly lowers production 
and thereby increases the general expense or overhead 
per pound of zinc. In general, the prevention of a 
high concentration of manganese is necessary not be- 
cause of its specific toxicity but because this concentra- 
tion narrows the latitude of safe operation. Specifi- 
cally, manganese in high concentration may be de- 
cidedly objectionable when some particular element is 
present with which it joins to increase or accelerate the 
forces of corrosion. Manganese and cobalt furnish an 
example. 

Manganese in solution does not lower the potential 
of the cell; on the contrary it raises it if it is present in 
sufficient concentration. The following is the explana- 
tion: the lowering of the potential due to depolariza- 
tion is insignificant while the increased drop in the 
electrolyte due to an increase of the ohmic resistance is 
the significant factor. The net result is to increase the 
terminal voltage. 
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POLARIZATION 


Zinc has a greater solution pressure than hydrogen 
as is represented by values given in the electromotive 
series, namely: H = 0.0, Zn = —0.76. Hence it should 
be more difficult to deposit zinc from its solution than 
it is to deposit hydrogen from solutions containing 
hydrogen ioas. However there is another force at 
work; this is overvoltage. The lowest voltage re- 
quired to liberate hydrogen on a platinum black elec- 
trode is taken as zero. On this scale it requires 0.7, 0.8, 
or 0.9 of a volt to liberate hydrogen on zinc. Because 
these values are equal to or exceed the single potential, 
it is possible to deposit zinc from sulfate solution con- 
taining a high concentration of hydrogen ions. It is 
necessary to maintain a high hydrogen overvoltage 
during electrolysis. If the overvoltage falls in value, 
hydrogen is released and the deposit dissolves. High 
current density, smooth surfaces, high purity of solu- 
tion, short periods of deposition and a low temperature 
of the electrolyte raise the overvoltage and thereby 
widen the range for successful cell operation. A satis- 
factory current density applicable to electrolytes con- 
taining 90 to 120 g. H2SO, per liter is found in the range 
from 25 to 35 amperes per sq. ft. 


ADDITION AGENTS 


Certain substances are added to zinc electrolytes 
to increase the smoothness of the deposit. The analysis 
of the cell potential shows that the cathode polarization 
is increased after the addition agent has been intro- 
duced. The effect of colloids is closely associated with 
conditions at or near the surface of the cathode. Blum 
and Rawdon (32) have presented a hypothesis that is 
useful in the study of the mechanism of the effects of 
colloids in electrolytes. Blum, in a colloid symposium 
monograph, states that to understand fully any elec- 
trolytic process, it is necessary to know what is taking 
place in: (1) the metal cathode itself, (2) the cathode 
film of the solution adjacent to it, (3) the actual inter- 
face between the metal and solution. It is here that 
our knowledge is lacking. 

A definite basis for considering the colloidal effects 
was made on the theory of Blum and Rowden. 


According to their hypothesis the union of one or more elec- 
trons with a positively charged ion, takes place on the cathode 
surface, at a point determined both by the orientation of the 
metal atoms on the cathode surface and by the effective concen- 
tration (i. e., activity) of the metal ions in the cathode film. The 
latter concentration is approximately measured by the dynamic 
potential of the cathode. When the ion concentration is high, 
the cathode polarization will be low and conditions will be favor- 
able for the growth of existing crystals. Conversely when the 
metal-ion concentration is low and the polarization high, the 
conditions are less favorable for crystal growth and more favor- 
able for the formation of new crystals. This assumption is based 


on the well-known fact that small crystals of metal have a higher 
solution pressure and a more negative potential than large crys- 
tals and that hence a more negative potential will be required 
for the production of fine crystals. 

According to this theory, any change in conditions which in- 
creases cathode polarization must tend to make changes in the 
type of crystal structure in the order from fibrous to conical, 
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to broken and finally spongy or powdery deposits. . . . It seems 
reasonable therefore to assume that at least the principal effect 
of colloids on the crystal structure is associated with the increase 
in the cathode polarization which they produce. 


The general idea embraced in this theory is the de- 
sirability of dislocating the normal crystal growth with 
the consequent formation of new crystals. Many addi- 
tion agents are found in the cathode deposits while 
others which may be used will not be found there. The 
colloid to be effective must migrate toward the cathode. 
Frélich (33) has suggested that it is possible for a col- 
loid to migrate toward but not to the cathode surface, 
as its charge is reversed when it reaches the relatively 
alkaline film at the cathode. 

The mechanism of electrodeposition has been studied 
by Mr. L. B. Hunt (34). His thesis brings to the fore- 
ground the proposition that the changes in our ideas on 
the subject of the degree of dissociation of salts in 
water and other solvents have not been applied to the 
study of electrolytic deposition. In this application, 
ions are not regarded as independent entities but as 
closely connected bodies having mutually operative 
forces acting on them. A given ion will be surrounded 
by more unlike ions. This ionic atmosphere must bear 
a charge equal and opposite to that on the central ion. 
On the application of an electromotive force, the ion and 
its atmosphere will be impelled in opposite directions 
by this current; the atmosphere continually building up 
in front of the ion and falling off in the rear. This re- 
tarding influence is exerted on an ion in its movement 
toward an electrode and the metal ion must be removed 
against the retarding force in order to enter the crystal 
lattice on deposition. According to this concept, 
polarization accompanying deposition is bound up with 
the resistance offered to the process by the interionic 
forces. These forces vary with the following factors: 
(1) the charge on the ion, (2) the distance separating 
it from oppositely charged ions, (3) size of the ion, (4) its 
electrical arrangement. The crystal structure of an 
electrically deposited metal, according to this theory, 
will be governed by the relation of the concentration of 
the other constituents in that film. If the proportion 
of metal ions to inert particles is comparatively high, 
there will be little interference with crystal growth and 
coarse crystalline deposits will result and vice versa. 

The lead contamination of cathode zinc is caused by 
entrapment of particles of anode sludge containing 
lead dioxide. The influence of lead sulfate dissolved in 
the electrolyte on the lead content of the cathode was 
tested in a three-compartment Filtros diaphragm placed 
in a glass cell. Lead sulfate was introduced into the 
anode compartment and the cell was operated for a 
week. The cathode deposit contained 0.0005% lead. 
This lead content is so low as to warrant the conclusion 
that lead contamination of the cathode is not caused 
to an appreciable extent by the electrolytic deposition of 
the dissolved lead ion but by entrapment of anode 
sludge particles containing lead. A Filtros diaphragm 
permits diffusion of dissolved salt but prevents the 
passage of solids. 
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The common addition agent employed in the elec- 
trolysis of zinc electrolytes is glue and this is used to the 
extent of 2 to 3 Ib. per ton of cathode zinc produced. 
Glue (35) definitely has an influence in producing smooth 
cathode deposits. A smooth deposit will entrain less 
of the anode sludge particles and hence there will be 
less lead in the cathode produced in solutions to which 
glue has been added. 


ANODES 


In general, addition substances that are oxidized by 
anodic oxygen should cause the free residual oxygen to 
escape from the electrode at a diminished pressure (36). 
The surface of the anode is less disturbed in the oxygen 
discharge at low pressure and consequently the anode 
scale is not dislodged to the same degree. Many salts, 
particularly organic salts, were tested for this property 
but were found to be ineffectual. Oxalic acid and also 
ferrous sulfate were found to possess the property of 
lowering the oxygen potential of the anode, and also 
minimized the dislodgment of anode sludge particles 
containing lead. The cathodes produced in the pres- 
ence of these addition agents are very lowin lead. The 
Consolidated Mining and Smelting Co. of Canada has 
also done considerable work on this subject, particularly 
on ferrous sulfate. 

There is for practical purposes a constant temperature 
throughout the cell. The measurement of the metal 
temperature of the anode, by placing a thermometer in 
a hole drilled in the top, shows the metal one-half a 
degree C. higher than the adjacent electrolyte. The 
cathode does not show any temperature difference. 

The energy consumption in the production of electro- 
lytic zine will approximate 3600 kw.-hr./ton under the 
following conditions: current efficiency 90%; 3.5 
volts/cell; 2” spacing of electrodes; acidity of electro- 
lyte, 100 g. HSO./l; 92% efficiency of conversion of 
A.c. to D.c., including transformer and line losses; 
mechanical power being 10% of total power and the 
melting efficiency being 96%. 
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HIGH-DENSITY PROCESS 


Dr. U. C. Tainton (37) and his associates have de- 
veloped a process in which a current density of 100 am- 
peres per sq. ft. is used. The roasting of marmatite 
ores renders part of the zinc insoluble in weak acid. 
This zinc is highly soluble in hot acid electrolyte con- 
taining 250 g. H2SO, per liter. In order to produce this 
high acidity in the cell, a high current density must be 
used, otherwise there would be corrosion of the cathode. 
High current density maintains a higher over-voltage 
and by virtue of this, hydrogen is less easily evolved 
from the cathode. Dr. Tainton has built two high- 
density plants—one near Kellogg, Idaho and one in 
East St. Louis, Illinois. There have been many prob- 
lems presented in the construction and operation of 
these plants similar in character to those encountered 
in other electrolytic plants but in some cases more inten- 
sified. The successful operation of these plants bears 
testimony to the skill and genius of Dr. Tainton. 

Cathode zinc is not a commercial form of the metal. 
It is melted in a reverbatory furnace fired in a manner 
to produce a reducing atmosphere. The cathodes are 
dropped through openings in the furnace arch in suf- 
ficient amounts to cause them to be immersed to a 
great extent in the molten bath, thereby minimizing 
oxidation. Ammonium chloride, to the extent of 2 to 3 
Ib. per ton of cathodes, is used to “‘unlock’’ particles 
of metal surrounded by zinc oxide and lessen the amount 
of drossy oxide. The recovery of bar zinc from sub- 
stantial cathode sheets amounts to 96% to 97% and 
sometimes more. The molten metal is not tapped from 
the furnace as is the customary practice with lead but 
dipped from an open end by means of a large ladle 
which holds two or three 50 Ib. bars. The ladle is 
properly balanced and supported by a chain attached 
to a ball-bearing crawl mounted on a monorail which 
extends parallel to the molds. After pouring, the sur- 
face of the zinc in the mold is skimmed with a wooden 
paddle to provide a smooth surface. 
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HE price of progress is research, which alone 
assures the security of dividends,” is the state- 
ment of Arthur D. Little,“6 who points out the 
necessity of research in a progressive industry. The 
student has no idea of how research is carried out in 
the large commercial organization. It is desirable that 
he have a knowledge of the size and operation of a 
research and development department and its relation 
to the production and sales divisions of the company. 
Since the work of the research staff results in patents, 
the student may follow their work by the patents 
assigned to the company.’” Thus a knowledge of 
patents and patent sources will be secured. 


THE ASSIGNMENT 


It is pointed out to the student that all progressive 
companies have research and development divisions 
for the purpose of discovering and developing new prod- 
ucts and for the improvement of existing processes for 
more economical operation. New products or proc- 
esses are generally patented to secure the monopoly 
which the government gives in return for an adequate 
disclosure. One company or group of related com- 
panies is assigned to each student for investigation, 
such as: 


1. Atlantic Refining Co. 9. Carbide & Carbon Chemi- 
2. Commercial Solvents cals Corp. 
3. Eastman Kodak Co. 10. Monsanto Chemical Works 
4. Dow Chemical Co. 11. New Jersey Zinc Co. 
5. B. F. Goodrich Co. 12. Shell Petroleum Corp. & 
6. Seldon Co. and Seldon Re- Development Co. 
search & Eng. Corp. 13. Rohm and Haas Co. 
7. Hercules Powder Co. 14. Grasselli Chemical Co. 
8. International Nickel Co. 15. Newport Chemical Corp. 
16. American Cyanamid Co. 
Instructions for the report may be given. Who is 
the research director of the company? What is the 


personnel of the research staff? What are the general 
lines of research being undertaken? From the patents 
granted to the company show the lines of research and 
development being undertaken. Are the patents proc- 
ess, machine, manufacture, or product patents? 
What products does this company produce upon which 





* For previous articles on this subject, see J. Coem. Epuc., 10, 
679-81 (Nov., 1933); 738-40 (Dec., 1933). 

6 LITTLE, “The handwriting on the wall,”’ Chem. & Met. Eng., 
32, 672-3 (1925). 

17 RossMAN, “Patents and research,’’ Chem. Markets, 28, 
ciao) 1931); GRosvENoR, ‘‘The seeds of progress,”’ ibid., 24, 23-6 
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it has a patent monopoly? Upon what processes does 
it have a patent monopoly? Are the products patented 
now being produced by the company? Are they sold 
under trade names? All statements and conclusions 


are illustrated by references to the patents. 
LITERATURE SOURCES 


The history of the company gives some idea of its 
advancement to its present position. Information 
can be secured from Moody’s ‘Manual of Invest- 
ments,’’ or possibly the company’s history has been the 
subject of a review in the American Chemical Indus- 
tries section of Industrial and Engineerng Chemistry. 

The personnel and general lines of research carried 
on by the research department are given in National 
Research Council Bulletin 91, ‘Industrial Research 
Laboratories of the United States.” 

The student is informed that patents of a chemical 
nature are abstracted in Chemical Abstracts. They are 
listed in the author index under the name of the pat- 
entee and also under the name of the assignee. This 
allows the student to secure a brief abstract of each 
chemical patent which has been assigned to the com- 
pany on which he is reporting. He must then turn to 
the Patent Gazette where he will find an index which 
includes patentee and assignee by name. This will 
give a complete list of all patents assigned to the com- 
pany, and listed under the patent number he will find 
a typical claim of that patent. In order that the stu- 
dent may know how to obtain a copy of a patent it is 
well to have him obtain one from the Commissioner 
of Patents. 

The research divisions of some of the larger companies 
have been the subject of some special articles appearing 
in various chemical publications, as, for example, the 
Eastman Kodak Co.!*® Other companies have de- 
scribed their research activities in company bulletins, 
sometimes available in city libraries. Advertisements 
in the technical journals, ‘‘Chemical Engineering Cata- 
log,’’ and advertising pamphlets show the student the 
products that are being sold and their trade names. 

It is usually necessary to show the students how to 
atrange their patent abstracts into various groups. 
The petroleum industry offers an excellent example 
when crude oil is distilled and the products treated in 
various ways, by-products converted into valuable ma- 





18 CLARK, ‘‘Eastman chemical research,’’ The Chemist, 9, 
14-30 (Jan., 1932). 
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terials, and special combinations made for speical pur- 
poses. The chemical flow-sheet gives a system to which 
the patents can be attached to show the various phases 
of the process which are being attacked by the re- 
search department or how various materials are being 
combined to form a new product. 


PATENTS AND SEARCHES 


This exercise has taught the student very little con- 
cerning just what a patent is, of what it consists, or 
how it is obtained. The industrial chemistry course 
is not the place to teach the student patent formulation. 
However, by a series of questions he can be asked to 
indicate on the patent he has purchased the essential 
parts of the patent and the difference in the individual 
claims of the patent. He may be asked to investigate 
the prior art on the subject as found in the Patent 
Gazette for the preceding five years. By reference to 
Rossman! the student can find information concerning 
the available sources of patent literature concerning 
the prior art. 


CONCLUSIONS 


The entire purpose of the exercise is to familiarize 
the student with the great mass of useful knowledge 
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stored up in the patent literature and to enable him 
to use it intelligently. Only actual contact with the 
sources will impress them upon his memory; it is not 
sufficient to tell him where to go and what to do. 

It is refreshing to read the conclusions of the student’s 
reports, as the following one for a company that 
changed management some time ago may illustrate. 
“The —— Co. has an excellent research staff, 
capable of meeting problems which arise in making 
their products and of finding new uses for them as any 
moderately progressive research staff should do. The 
fact remains, however, that nothing of great importance 
has been accomplished. No classical or thoroughly 
fundamental process has been established by this 
company. It is true that world-shaking discoveries 
are not made every day, but a company that has existed 
for ninety-three years should have a process of impor- 
tance exclusively its own. Puttering along with the 
same old chemicals and keeping just abreast, or at least 
not far ahead of their competitors yields good monetary 
returns but it is not advancing the industry as much as 
it might.” This student had carefully analyzed the 
company and its work and found it to be wanting. 
A visit to the plant of this company leaves the same 
impression. 





IV. Advertisements and Manufacturers’ Bulletins 


The student who reads the technical periodicals 
will read of developments in the production of indus- 
trial chemicals. Usually the descriptions in the maga- 
zines are of the plant or process for the production of 
several related chemicals. As these descriptions are 
never given until operation has been successfully 
carried on for some years, even the technical articles 
do not keep the reader abreast of technical develop- 
ments. It is necessary that the advertisements for 
technical products be perused so that new arrivals are 
noted. Since it is axiomatic that chemicals are de- 
veloped to be sold, the advertisements will announce 
the availability of new products. A new process may 
be developed that will produce a weli-known chemical 
at a sufficiently low price so that it can be purchased in 
commercial lots, or invade new fields of utilization. 
Such occurrences are especially frequent in the field 
of organic chemicals, where new processes make avail- 
able in commercial lots chemicals that have been known 
to the organic chemist for a long time. 

In order to impress upon the student the fact that 
the advertisements carry the first announcements of 
chemical products, an exercise has been used which will 
force the student to search the advertisements and use 
manufacturers’ bulletins as the sources of material 
for his report. 


THE ASSIGNMENT 


The instructor can take from the advertising pages 
of Chemical Markets, Chemical & Metallurgical Engi- 


19 RossMAN, “The law of patents for chemists,’’ Inventors 
Publishing Co., Washington, D. C., 1932 


neering, and Industrial & Engineering Chemistry a list 
of organic chemicals that have been recently announced 
and concerning which no process description has ap- 
peared in any of the journals. Each student is as- 
signed one compound. He is asked to report briefly 
the manufacturer or manufacturers, probable method 
of synthesis used, chemical and physical properties, 
uses of this material, and advantages that the manufac- 
turer claims for this product over other materials for 
the same purpose. Such a list of chemicals is given. 


1. Monoamylamine 9. Maleic acid 

2. Ethyl lactate 10. Amyl mercaptan 
3. Ethyl oxyhetyrate 11. Trichlorethylene 
4. Dioxan 12. Diethylene glycol 
5. Triethanolamine 13. Diethyl oxalate 

6. Methyl cyclohexanone 14. Crotonaldehyde 
7. Dimethyl ether 15. £-Dichlorobenzene 
8. n-Propanol 16. Dibutyl phthalate 


As this exercise was developed for industrial organic 
chemistry, the list is made up of organic compounds. 
However it need not be confined to these, as some in- 
organic chemicals have recently been announced to 
be available in commercial quantities; e. g., zinc 
hydrosulfite, calcium hypochlorite, calcium peroxide, 
and others. 


INFORMATION SOURCES 


By paging over the advertisements the student will 
find the manufacturers. The advertisement may give 
suggested uses for the chemical and advantages of this 
product over others in use. The student may find it 
necessary to write to the manufacturer for his descrip- 
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tive bulletin giving the properties, uses, and advantages 
of this chemical. It was found that all companies very 
willingly sent such descriptive material to the students. 
The student may have difficulty in determining the 
probable method of synthesis. His first attempt is to 
turn to his organic text, where he finds a laboratory 
method of synthesis for a general class of compounds. 
If it is pointed out to him that such a method is not 
practical on a commercial scale, he will turn to other 
sources. A description of the plant of the manufac- 
turing company, or of some related product made by 
the same company, gives a clue as to the raw materials 
used. Possibly a search of Chemical Abstracts for 
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patents covering processes for producing the compound 
will give the method of synthesis. Usually the student’s 
imagination will be stimulated enough that, lacking other 
information, he will propose several possible methods. 


CONCLUSIONS 


The assignment must be made from four to six weeks 
from the date on which the report is due, so that the 
student will have time to correspond with the manufac- 
turer. The inclusion of such bulletins or letters is 
made a part of the report. The students are very 
much interested in the method of synthesis and will 
make a diligent search to find the method used. 





SCIENTIFIC METHOD in GENERAL 
CHEMISTRY LABORATORY WORK’ 


IRA D. GARARD 


New Jersey College for Women, Rutgers University, New Brunswick, New Jersey 


There is constant complaint that the teaching of chem- 
istry is ineffective from the standpoints of both employers 
of technical men and those who are interested in cultural 
education. General chemistry must bear the brunt of the 
latter complaint and much of the former. The laboratory 
work is primarily at fault in that it is not scientific. An 
examination of twenty-eighi laboratory manuals shows 
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OMPLAINTS about the effectiveness of the teach- 
‘© ing of chemistry in the colleges have been numer- 
ous and varied. The industrialist often claims 
that the college graduate is of little use in industry 
until industry trains him. Philosophers and educators 
agree that courses in chemistry, like those in other 
sciences, leave little impression on the minds of the 
graduates. A comprehensive list of published com- 
plaints of this kind would be too long to include here 
and too familiar to be useful in this paper. A quotation 
from President Butler of Columbia will serve to sum- 
marize the complaints of the latter type.! 


For two generations a very considerable part, perhaps a major 
part, of the effort of educational systems and institutions has 
been expended upon the development of teaching and research 
in the natural and experimental sciences and in making adequate 
provision for this work in men, in laboratories and in apparatus. 

The essential fact in all scientific study is the use and the com- 
prehension of the scientific method. Nothing is to be taken for 
granted and no test, whether quantitative or qualitative, is to 
be overlooked. Every conclusion as it is reached is held sub- 





* Presented before the Division of Chemical Education at 
Chicago, IIl., September 12, 1933. 

1 Annual Report of the President of Columbia University for 
1925. 


only three that use the scientific method and these three 
are of recent publication. (Quotations from manuals are 
given to illustrate the empirical nature of the work, and 
work of a scientific character 1s suggested as an alterna- 
tive and illustrated. Each expervment presented to a stu- 
dent should have an introduction giving a background for 
this particular experiment. 


++ + 


ject to the results of verification, modification or overthrow by 
later inquiry or by the discovery of new methods and processes 
of research. 

One would suppose that after a half-century of this experience 
and this discipline the popular mind would bear some traces of 
the influence of scientific method, and that it would be guided 
by that method, at least in part, in reaching results and in formu- 
lating policies in social and political life. If there be any evi- 
dence of such an effect, it is certainly not easy to find. Passion, 
prejudice, partisanship, unreason still sway men, whether as 
individuals or in the mass, precisely as if scientific method had 
never been heard of. How is it possible that with all the enor- 
mous advances of science and with all its literally stupendous 
achievements it has produced such negligible results on the mass 
temperament and the mass mind? This is a question which may 
well give us pause, for something must be lacking if intelligent 
men and women, long brought into contact with scientific method 
and scientific processes, pay no attention whatever to these, and 
show no effect of their influence, when making their private or 
public judgments. 

The burden of these complaints, in so far as chemistry 
is concerned, must fall upon the course in general chem- 
istry, for this is the only course usually taken by the 
liberal arts student and it is here also that the mold of 
the industrial chemist is cast. 

Several years spent as a student, teacher, and ad- 
ministrator of science work lead me to the simple con- 
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clusion that the courses in general chemistry, along 
with the general courses in the other sciences, do not 
expose the student to the scientific method at all, unless 
it be on rare occasions by inference. In the classroom 
the student is told things that he is expected to remem- 
ber; in the laboratory, he follows recipes like the cook 
in the kitchen. The courses in analytical chemistry are 
practically the only exponents of the scientific method 
in the undergraduate curriculum. This training alone 
is not sufficient to make a chemist, and, of course, the 
arts student does not take analytical courses at all. 

It is the laboratory work of the general chemistry 
course that is primarily at fault. The difficulties en- 
countered in large lecture sections do not apply to the 
laboratory, for here the student is taught as an indi- 
vidual and, in large measure, by a book. The results 
in laboratory work, in spite of all the expense, have 
been so meager that many teachers have seriously 
recommended the complete elimination of laboratory 
work from the general courses for the arts student. 

The chief cause of the failure of the laboratory work 
in general chemistry, and thereby the whole course, for 
both types of students mentioned above, is apparent 
when the laboratory guides in use are analyzed. 

The author finds on his shelves twenty-eight labora- 
tory manuals written by twenty-eight authors and 
published by eleven of the best known publishers of 
college textbooks. Nineteen of these manuals by 
twenty authors and from ten publishers are quite 
useless so far as the scientific method is concerned. 
None of them places before the student the kind of 
work the trained chemist does when he enters his labo- 
ratory. Many of these manuals are as much alike 
as the copyright laws permit, particularly when the 
same author feels obliged to write two or more manuals. 
A few typical quotations taken from any of these man- 
uals illustrate the futility of such laboratory work as 
scientific training. 

““Add to 2 cc. of sulfuric acid a few drops of barium 
chloride. Write the equation. Is the precipitate solu- 
ble in hydrochloric acid? How can sulfites be dis- 
tinguished from sulfates?”’ 

“Into one of the bottles of chlorine sprinkle a bit 
of powdered antimony. Results? What is obtained? 
Add a little water and shake the contents. Color and 
composition of the product?” 

” . Allow the solution to cool and examine the 
product (boric acid). For what is it used? What is 
the anhydride of boric acid? Of what acid is borax a 
salt? What is its anhydride? Is boric acid more or 
less hydrated than the acid corresponding to borax?” 

These quotations are from three different manuals 
and are typical. In each case the student performs a 
simple experiment requiring a few minutes and then 
spends an hour or more passing an examination on the 
textbook or the lecture. While such work no doubt 
has some merit, it does not possess a single attribute of 
scientific procedure. Practically all the directions in 
these nineteen manuals instruct the student to do 
something and then to answer questions which can be 
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answered only from the textbook or the lecture notes. 
Six of the twenty-eight manuals at hand constitute 
a second group which is a slight improvement over the 


first. These six represent six authors, only two of 
whom are absent from the first list, and two publishers, 
both of whom are included in the first list. All six of 
these manuals begin each exercise with a statement of 
its object. Here the student is at least given some inti- 
mation of what he is trying to do. Beyond this be- 
ginning, however, these books are not much better than 
the first group. The exercises are of the same type 
and are mainly descriptive. 

The third group of three manuals represents the work 
of five authors, none of whom appears in either of the 
other two lists. They are published by three companies, 
two of which appear in the other lists. All three of 
these manuals constantly illustrate the scientific method 
and perhaps it is significant that the copyright dates 
are 1923, 1931, and 1932. One of them is adapted to 
beginners, but, unfortunately, the other two assume a 
little too much knowledge of the subject for many 
college classes. 

So far as these twenty-eight manuals cover the field, 
it may be said that about ten per cent. of the students 
learn general chemistry by the scientific method, and 
only in the last two years has the percentage been 
above four per cent. Of course, many students have 
used instruction sheets devised by their teachers, but 
not published. Some of these differ from the printed 
manuals chiefly in the selection of experiments, but it 
is hoped that in the others the scientific work constitutes 
a higher percentage than it does in the printed manuals. 
The experiments that have appeared in the JOURNAL 
OF CHEMICAL EpucaTION in the last five years, how- 
ever, have been no improvement over those in the 
available manuals so far as the scientific method is 
concerned. 

Perhaps it would be well to indicate what I mean by 
the scientific method in the laboratory. Briefly, it is 
this. All the laboratory work of chemistry may be 
classified under five heads: manipulation, determina- 
tion of properties of substances, preparation and puri- 
fication of substances, study of chemical reactions, and 
analysis. Every laboratory course in general chem- 
istry should contain exercises in all these types of work 
and the object of each exercise should be presented 
to the student clearly and frankly. For example, an 
exercise on the use of heat in the laboratory might be 
included in which the necessity for applying heat in 
chemical experiments would be explained and mention 
made of all the different methods used together with 
their relative advantages. The common methods and 
their relative advantages could be illustrated by proper 
exercises. 

Not many manipulatory exercises need be included. 
Neutralization, titration, the determination of solu- 
bility, filtration, and many other processes can be in- 
cluded in experiments for the determination of proper- 
ties or the study of reactions, but the manual should 
make it clear to the student that such technic is not 
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simply part of that specific exercise, but a general 
method for the acquisition of certain information. In 
later experiments where the same technic is needed, 
instructions should not be repeated unless variations 
are necessary and, if they are, the reasons for such varia- 
tions should be given. The instruction in laboratory 
technic should teach the student how to Jearn things and 
not how to do things. Controlled conditions, which are 
the essence of scientific procedure, should be continually 
emphasized. ; 

Every beginner in chemistry, whatever his aim in 
taking the course, needs to determine the chemical and 
physical properties of numerous substances for these are 
the basic facts without which there would be no science 
of chemistry. No amount of reading or listening to 
lectures can replace actual observation of properties. 
It should be emphasized that each chemical substance 
is known by its properties rather than by a formula. 
Oxygen, for example, is not Oz, but an odorless gas, of 
density 1.42, slightly soluble in water,and soon. That 
is, it is that substance with the properties which its 
discoverer and others found it to possess. These 
are the items that come to the mind of a chemist when 
he thinks of oxygen. 

Each laboratory exercise should contain a single 
problem. In the determination of properties, the in- 
troduction to the experiment should list properties that 
the student will not determine and say why he will not. 
It should also discuss the property or properties which 
are sufficiently distinctive to constitute a test for the 
substance. Here is the best opportunity in this type of 
work to emphasize by actual experiment the impor- 
tance of controlled conditions in science. Even the 
student who has studied chemistry in the secondary 
school should determine properties of a sufficient num- 
ber of substances to gain the more advanced point of 
view here outlined. 

The exercises for the preparation of substances as 
they now appear in the manuals are primarily rule-of- 
thumb methods for the preparation of gases. Since it 
is difficult to purify gases this is probably the reason 
why the purification of chemical substances is almost 
completely neglected. Over eighty per cent. of the 
inorganic substances listed in the International Critical 
Tables, and over seventy per cent. of those given in the 
market reports of Industrial and Engineering Chemistry 
are salts, but most of the manuals now available devote 
little or no space to the preparation of salts or their 
purification. This omission has considerable bearing 
on the tendency of young chemists to assume purity in 
the chemicals on the market. 

Aside from the predominance of salts among inorganic 
chemical substances, they constitute almost the only 
opportunity for familiarizing the student with crystals 
and crystallization. The shelf reagents will not impress 
the idea of crystals upon the student because very few 
of them consist of crystals large enough to be notice- 
able. The preparation of solids and their purification, 


including tests for purity and even a rough determi- 
nation of the formula, furnish abundant opportunity to 
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provide valuable observation, impart practical informa- 
tion, and illustrate the scientific method. ; 

The study of chemical reactions provides even better 
opportunity for presenting the scientific method than 
any of the three preceding types of work. Students 
continually ask: “How does one tell what will be 
formed in a given reaction?’ The question discloses 
the weakness in the usual type of laboratory work, 
since the majority of manuals force the student to rely 
upon his textbook or his instructor for the answer. 
Experiments, however, can be devised so that the stu- 
dent learns the answer just as a chemist does when he 
is in doubt. For example, he can show that iron and 
sulfur combine to form ferrous sulfide by first learning 
the properties of this salt and then applying his knowl- 
edge to the product of the reaction. 

Again, the introduction to an experiment might say 
that heating potassium chlorate under certain condi- 
tions gives potassium chloride and under other condi- 
tions gives the perchlorate. Then, by first becoming 
familiar with the outstanding properties of these three 
substances, as well as those of free oxygen, the student 
is in a position to study this reaction intelligently. 
Probably every student of chemistry has been told 
that zinc reacts with dilute sulfuric acid to give hydro- 
gen and zinc sulfate, but I venture the assertion that 
not one in ten thousand has ever verified the formation 
of the zinc sulfate. Most manuals do not even show 
that a solid substance is obtained, and practically none 
of them attempts to have the student go further and 
prove that such solid resulted from the reaction. 

Finally, although analytical chemistry furnishes an 
excellent medium for the presentation of the scientific 
method, courses in general chemistry seldom allow 
sufficient time to do much work of this sort. In analy- 
sis conditions must be controlled in order to get results. 
Enough analysis should be included to make use of the 
tests learned by the student when properties were 
studied. Interest can be added to the course and the 
ends of training served at the same time by the investi- 
gation of some common things. Ashes can be tested 
for several substances, tin foil may be tested for lead, 
drinking water for chlorine and chloride. Many such 
examples come to mind and may be introduced if time 
and the object of the course permit. 

In conclusion it may be said that few of the laboratory 
manuals of general chemistry available touch the 
scientific method at all. A suitable manual should 
state the object of each experiment clearly and frankly. 
Each experiment should have an introduction that 
gives the essential part of the background that a trained 
chemist would bring to bear in solving the same prob- 
lem that is given to the student. The experimental 
directions should be such that the work done by the 
student leads to the accomplishment of the object of 
the experiment. Perhaps laboratory work as here 
outlined covers fewer substances than the more usual 
type, but, in the author’s experience, it leaves the stu- 
dent with a far better grasp and appreciation of the 
science of chemistry. 
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A High-School Project 
WILLIAM B. SANFORD 


Savona Central School, Savona, New York 


HIS project was worked out by a group of high- 
school seniors. First of all, the students found 
it necessary to do some research in the library. 
The second step was the planning of the apparatus. 
The furnace was constructed of brick and ground 
asbestos, and was 15” long, 14!/2” wide, and 16°/,” high. 
It was covered with an arched metal roof. The metal 
was covered with a thick layer of asbestos and plaster. 
The furnace is fired through holes in a brick on the 
front. This brick was supported on crucibles to pro- 
vide a draft. It was necessary to fire the furnace with 
a plumber’s blow torch, because our school does not 
have gas. The flame was directed upward by passing 
it into a 1” elbow. The retorts were made of water 
pipes 18” by 21/2”. The students used a lathe to turn 
down the ends of the pipes and the caps so that they 
would fit tightly. Two '/,” pipes, connected at a T, 
led to the condenser. 









































FRONT VIEW OF FURNACE SHOWING METHOD OF 
FIRING 


The condenser was a ten-gallon can fitted with a 
water inlet and outlet. The coil was constructed of 
25’ of copper tubing of the type used for automobile 





SruDENT DRAWING SHOWING END VIEW AND CROSS-SECTIONAL SIDE VIEW OF FURNACE 
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gasoline lines. A bell jar 
was used as a form to wind 
the coil. 

The green wood used was 
cut into pieces about 2!/,” 
by 1/2” by 1/2”. We used 
beech and birch wood. It 
required about one hour to 
fire a retort and produce a 
good grade of charcoal. 
Some of the pieces of green 
wood were marked and 
weighed before and after 
being placed in the retorts. 
As a large amount of wood 
was used to obtain the de- 





placed in a distilling flask 
and the wood alcohol was 
distilled off. The distillate 
was purified by trickling 
through a glass tube filled 
with charcoal. The alcohol 
was tested with a hot coil 
of copper wire, which evoked 
the characteristic odor of 
formaldehyde. 

The precipitate was di- 
vided into two parts. 
One part was distilled 
dry, yielding acetone at 
about 56 degrees. The re- 
maining calcium acetate was 





sired quantity of pyroligneous 
acid, all the class had an 
opportunity to work on the 
project. 

The pyroligneous acid ob- 
tained from the still was neutralized by adding cal- 
cium hydroxide and formed a muddy brown precipi- 
tate of impure calcium acetate. The liquid was drawn 
off and the wood oils were separated. The liquid was 


THE CONDENSER SHOWING THE COIL PARTLY REMOVED 


A, connection to retorts; B, water outlet; C, condenser 


heated with sulfuric acid 
yielding acetic acid by distil- 


lation. The acetic acid 
outlet; D, water inlet. was used to prepare ethyl 
acetate. 


This project gave the students some real work in or- 
ganic chemistry. It created community and class 
interest. Parents were invited to view the plant in 
operation. 





UNDERGRADUATE ORGANIC 
LABORATORY CHEMISTRY’ 


ITd. 


Diversification, Relative Importance, and Comparative Cost of Laboratory Experiments 


E. F. DEGERING, R. F. McCLEARY, ano A. R. PADGETT 


Purdue University, Lafayette, Indiana 


A classified list of experiments on laboratory opera- 
tions and on the preparations and reactions of common 
aliphatic compounds is presented. Current manuals 
were used in the compilation of the list. The cost of each 
experiment, based on a group of one hundred students, 1s 
given. 


++ oe He oe + 


HREE considerations have prompted the prepara- 
tion of the following outline. But few, if any, 
will deny that there is a tendency on the part of 
even the best instructors to develop a stereotyped 





* Inarticle “II. The laboratory course,” J. CHEM. Epuc., July, 
1933, p. 434, column one, lines 21-4 should read, “‘The student 
then places the record of the specific experiments on alcohols 
on the right-hand page, just opposite the general equation out- 
line.”’ 


course. While some may, for various reasons, actually 
prefer a stereotyped course, it is hoped that the accom- 
panying outline of experiments will offer sufficient di- 
versification, without undue cost, to awaken new inter- 
est on the part of the students and thus instil new life 
into the laboratory course. 

But along with the item of diversification, one must 
also consider the relative importance of an experiment. 
The writers have assumed that perhaps one of the best 
criteria of the relative importance of experiments is the 
periodicity of their inclusion in the current laboratory 
manuals. While individual authors may select cer- 
tain experiments from a given group, it is apparent that 
certain groups of compounds are emphasized more 
than others. Hence it would seem that the accompany- 
ing list of manual references should serve to guide the 
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instructor to place the emphasis in his course on the 
more important classes of compounds. 

A third consideration deals with the pertinent ques- 
tion of comparative cost of experiments. From the 
tabulated data it is apparent that single experiments 
may range in cost of performance from a few cents to 
several hundred dollars. The determining factor, then, 
in the selection of an,experiment must necessarily be 
whether the additional technic acquired by its perform- 
ance justifies the additional expenditure. With this 
thought in mind, each experiment has been carefully 
checked in so far as the required chemicals are con- 
cerned, and the cost of each experiment (based on a 
group of one hundred students) calculated and tabu- 
lated in the following outline. The particular manual 
used in calculating the cost of each experiment is indi- 
cated. Hence it is hoped that the outline will prove of 
material assistance in helping instructors to adapt their 
courses as advantageously as possible to their allowable 
expenditures without sacrificing the more important 
types of procedures. 

In the preparation of this outline, no consideration 
has been given to the use of student preparations in 
any of the experiments, all costs having been based upon 
purchased chemicals. Obviously the use of student 
preparations tends to lower the cost of chemicals. For 
this reason the authors favor series of experiments 
whenever possible. Such a practice also tends to pre- 
vent the accumulation of student preparations. 

Technical chemicals have been figured except where 
c.p. chemicals were specified by the manuals. Where 
definite amounts of chemicals were not specified by the 
manuals, estimates have been made. In any event, the 
prices given in the outline are to be considered as ap- 
proximations despite the fact that the list was checked 
quite carefully. 

No attempt has been made to compare similar experi- 
ments on a yield basis. In the preparation of absolute 
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alcohol, for example, the costs by the use of calcium 
oxide and by benzene are $16.12 and $7.00, respectively, 
these costs being based upon the amounts called for in 
the experiments cited. On a comparative yield basis, 
however, the cost of the latter experiment would be 
about $10.40. The outline is based on the following 
current manuals, which were selected without preju- 
dice as being representative of the work that is being 
offered in organic laboratory courses; (A) ROGER 
ADAMS AND JOHN R. JOHNSON, “Laboratory experi- 
ments in organic chemistry,” rev. ed., The Macmillan 
Co., New York City, 1933; (F) Harry L. FISHER, 
“Laboratory manual of organic chemistry,’ 3rd ed., 
rev. ed., John Wiley & Sons, Inc., New York City, 1931; 
(G) L. GATTERMANN, revised by HEINRICH WIELAND, 
“Laboratory methods of organic chemistry,” The Mac- 
millan Co., New York City, 1932; (J) LauDER WILLIAM 
Jones, “A laboratory outline of organic chemistry,” 
rev. ed., The Century Co., New York City, 1914; (ZL) 
ALEXANDER LOWY AND WILMER E. BALpwIn, ‘‘Labo- 
ratory book of elementary organic chemistry,” John 
Wiley & Sons, Inc., New York City, 1931; (12) Homer 
ADKINS AND S. M. McE.varn, “Practice of organic 
chemistry,’’ 2nd ed., McGraw-Hill Book Co., New York 
City, 1933; (NV) James F. Norris, ‘‘Experimental or- 
ganic chemistry,’ 3rd ed., McGraw-Hill Book Co., 
New York City, 1933; (W) RocER J. WILLIAMS AND 
Ray Q. BREWSTER, “Laboratory manual of organic 
chemistry,’ 3rd printing, D. Van Nostrand Co., New 
York City, 1930; (D) Farrincton DANIELs, J. 
HowarRD MATHEWS, AND JOHN WARREN WILLIAMS, 
“Experimental physical chemistry,’’ McGraw-Hill Book 
Co., New York City, 1929; (C) Emmte Monnin Cua- 
MOT AND CLYDE WALTER Masown, ‘‘Handbook of chemi- 
cal microscopy,” John Wiley & Sons, Inc., New York 
City, 1930; and current journals. (Page numbers in- 
stead of experiment numbers are given for references 
to DANIELS, to GATTERMANN, and to CHAMOT.) 


LABORATORY OPERATIONS, PREPARATIONS, AND REACTIONS OF ALIPHATIC COMPOUNDS 


A. Laboratory operations A F 
1. Purification of organic solids 


2. Purification of organic solids by: 


a. Decolorization 2 33,30 
b. Dialysis al oe 
c. Distillation, fractional 20 26 
d. Distillation, steam 5B 42 
e. Distillation, vacuum 44 37,49 
f. Drying 59a, p. 43 
65 
g. Extraction p. 57 40 
h. Filtration from solvent 2 10, 61 
i. Decomposition of derivatives 23 15 
j. Precipitation 45 26d 
k. Recrystallization 2 26 
l. Salting out 18A 47 
m. Sublimation a 61 
n. Washing 2, 48b 46A 
3. Determination of purity of organic solids 
‘ 
4. Determination of purity of organic solids by: es a 
a. Boiling point 20 26 


b. Melting point Z 2 
c. Refractive index (D. p. 324, C. v. 1. p. 369) p. ll ae 


G ot | L M N Ww Cost Ref. 
$0.00 Library 
we = ws : Uy ar 110.14 (Total) 
8 108 lf 92 14 2 0.22 W2 
2h 95 le ae. 161 134 0.41 Lie 
14, 17, 45 25 «30, 83, 21-3, 66 5.34 F 26A 
118 84 45 
26 57 11 80 28-30 155 1.20 A 5B 
19, 140 59 p.170 81,82 24-7 163 9.96 G140 
12,181 25 p. 112 89 36,37 187 9.00 G181 
181 138 lc 56,86 31+4, 187 66.16 G181 
46 
8, 181 12 p. 49 99 12 1 1.7% J 
201 26 1g 21 217¢ 4la ,4.97 J 26 
212 142 413 11 211 176 0.82 F 26d 
4,213 45,114 la 90 5-13, 1 0.16 Wi 
42-3, 
70 
139 153 41c2 91 234 55 1.09 A 18A 
25 Fe ld 85 35 3 0.03 W3 
181 109 34 67 178 154 9.01? G 181 
0.00 Library 
as ey ae ae en 7.56 (Total) 
118 45 25 30,93 124 66 2.67 F 26 
39, 118 13 3 8,93 48-52 5 2.95 Al 
ee 93 Y 0.24 C 369 
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14. 
15. 


B. 


to 


Laboratory operations (cont.) 
Calibration of thermometer by melting points 
Purification of organic liquids 


Purification of organic liquids by: 
a. Decantation 

b. Decolorization 

c. Distillation, direct 


d. Distillation, fractional 


e. Distillation, steam 


f. Distillation, vacuum 

g. Drying 

h. Evaporation of lighter solvent 
i. Extraction , 


j. Filtration 

k. Freezing 

l. Salting out 

m. Washing with an immiscible liquid 


Determination of purity of organic liquids 


Determination of purity of organic liquids by: 
a. Boiling point (micro-) 


b. Freezing point 
c. Refractive index (D. p. 324, C. v. 1. p. 369) 
d. Specific gravity or density 


Calibration of a thermometer by boiling point 


Identification of elements in organic compounds 


Qualitative organic analysis, ‘‘known’ 


Qualitative organic analysis, “unknown” 


Quantitative organic analysis 


Quantitative organic analysis 


a. 
b. 


c. 


Nitrogen by the Dumas method 
C and H by simplified method 


Determination of S, X, etc. 


Preparation of Grignard’s reagent 


Determination of the iodine value 


Hydrogenation with palladium 


a. 
1. With Skita’s colloidal catalyst 
2. With catalyst deposited on a carrier 
b. Catalytic hydrogenation with nickel 


Replacement of O of carbonyl with H 
1. Acetophenone to ethyl benzene 
2. Benzil to dibenzyl 


Preparations and reactions of aliphatic compounds 


a. 


b. 


Se #S 


Properties of the saturated hydrocarbons 


1. Methane from sodium acetate 

2. Methane from chloroform 

3. Methane from aluminum carbide 

Ethane from ethyl halides 

Decane from amy] bromide [J. Cuem. Epuc., 7, 
2712 (1930) ] 

Di-isoamy] from isoamy] bromide 

Fractional distillation of petroleum 

Destructive distillation of soft coal 


Properties of the alcohols 
Identification by 3,5-dinitrobenzoic acid 
Ethanol from fermentation of sugars 
Absolute alcohol from calcium oxide 
Absolute alcohol by distillation 
Trimethy! carbinol from acetone 
Pentanol-2 from pentene-2 

Dimethyl ethyl carbinol from acetone 
Diethyl methyl] carbinol from butanone-2 
Allyl alcohol from glycerol 

Pinacol hydrate from acetone 


G9 8D pt BS pe 


Properties of the olefines 

1. Ethylene from ethanol by H2SOs 
2. Ethylene from ethanol by HsPO. 
3. Ethylene from ethanol by P2Os 

4. Ethylene from ethylene dibromide 
Amylene from amy] alcohol 

Isoprene and its polymers 


Properties of the acetylenes 
1. Acetylene from calcium carbide 
2. Acetylene from ethylene dibromide 
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Preparations and reactions of aliphatic compounds (cont.) 


b. 


c 


d. 


Properties of alkyl halides 


Methyl bromide from methanol 

Methy! iodide from methanol 

Ethyl bromide from ethanol 

Ethyl] iodide from ethanol 

n-Butyl bromide from butanol 

n-Butyl1 chloride from butanol 

Amy! bromide from pentanol [J. Cuem. Epuc., 
7, 2712 (1930) ] 

Iso-amy] bromide from iso-amy] alcohol 

Chloroform from acetone 

. lIodoform from ethanol, etc. 

Ethylene dibromide from ethylene 


Pree 


bo m= bo 


Properties of ethers 

1. Diethyl ether from ethanol 

2. Absolute ether 

Dibuty] ether from butanol [J. CHEM. Epuc., 9, 
1268 (1932) ] 

Iso-amy] ether from iso-amy] alcohol 

1. Methylene diethers (methylal) 

2. Hydrolysis of methylene diethers 


Properties of the aldehydes 


Formaldehyde from methanol, by CuO 
Formaldehyde from methanol, by Pt 
Formaldehyde-silver nitrate cell 
Acetaldehyde from paraldehyde 
Acetaldehyde from ethanol 
Acetaldehyde from acetylene 
Acetaldehyde from aldehyde ammonia 
. Acetaldehyde from metallic formates 
n-Butyraldehyde from butanol 

Furfural from pentoses 


Gum OO 99 bo 


Properties of ketones 


Acetone from calcium acetate ° 
Heptanone-2 from ethyl n-butylacetoacetate 
Acetyl acetone from acetone 


Chloral from chloral hydrate 


a. 


b. 


od 


fF yaMBsoan 


Ss & 


Pe 


sce 8 Se mF 


ce aose 





Properties of organic acids 


1. Formic acid from methanol 

2. Formic acid from oxalic acid 

1. Glacial acetic acid from sodium acetate 
2. Acetic acid from ethanol 

Butyric acid from ethyl malonic acid 
n-Valeric acid from butyl cyanide 
n-Caproic acid from ethyl n-butylmalonate 
Linolenic acid from linseed oils 

Free fatty acids from fats 


1. Properties of esters 
2. Properties of acetoacetic esters 


Methy! formate 

1. Ethyl acetate from ethanol 

2. Ethyl acetate by slow distillation 

3. Ethyl acetate from acety] chloride 

4. Ethyl acetate from acetic anhydride 

n-Butyl acetate from butanol 

Iso-amy] acetate from sodium acetate 

1. Diethyl! malonate from monochloroacetic acid 

2. Diethyl ethyl malonate from 11.f.1 

Diethy]! n-butyl malonate from diethyl malonate 

1. Acetoacetic ester from ethyl acetate 

2. Ethylacetoacetic ethyl ester from 11.4.1 

Ethyl n-butylacetoacetate 

1. Ethyl oxalate [J. Am. Chem. Soc., 68, 3560 
(1931), 1/20 amts. ] 

2. Methyl oxalate from oxalic acid 

Glycol diacetate from ethylene dibromide 

Glycine ethyl ester hydrochloride 


Properties of amides 
1. Acetamide from glacial acetic acid 
2. Acetamide from ethyl acetate 


Properties of acid chlorides 
Acetyl chloride from acetic acid 


Properties of anhydrides 
Acetic anhydride from acetyl chloride 
Succinic anhydride from succinic acid 


Properties of cyanides 

Methyl cyanide from acetamide 
Butyl cyanide from n-butyl bromide 
Formation of an iso-cyanide 


Properties of fats, salts, and soaps 
Soaps from fats 
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Ref 
J 8, 10 


G 83 
G 84 
G 81 
Al4 
A 156 
W 30 


J. Cu. 
N 143 
N 145 
A 25 
F8 

N 103 
W 32 
J17 


Ep. 


J. Cu. Ep. 
G 104 

J 23, 24 
F 18 

W 34, 37, 38, 
41, 43 

G 194 

J 18 

J 22 

F 16 

G 196 

G 199 

J 26 

L 16 

W 36 

G 376 

W 41-3 


L17 
A 56 
G 243 
W 39 
W 47-9, 5 


W 45 
W 46 
W 50 
N 94 
G 246 
1 54 
1 58 
G 140 
G 139 
N lll 


W 92, 94, 95 


A 55 


JAC. S. 
W 84 

G 102 
G 264 
W 67-9 
A 20 
W 66 
W 60 
W 59 
W 62 
W 61 
N 106 
W 75-7 
A 21 

A 53 
N 137 


W 55, 56 
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18. 


19. 


20. 


to 


to 


24. 


25. 


26. 


27. 


28. 


29. 
30. 


Preparations and reactions of aliphatic compounds (cont.) 


PSR ree an 


= 


aneas & 


a 


FR RMP AD 


eR 


ae) 


Scene 


& 


Pex 


SR mS 


Anhydrous sodium acetate 
Sodium oxalate from sodium formate 


Properties of amines 

Methy! amine from acetamide 

Dimethyl! amine from /-nitrosodimethylaniline 
Properties of polyhydric alcohols 

Glycol from ethylene diacetate 

Glycerol from fats 


Properties of dibasic acids 


Oxalic acid from sucrose (or sodium formate) 
Malonic acid from chloroacetic acid 
Succinic acid from ethylene dibromide 
Fumaric acid from maleic acid 

Ethyl malonic acid from 11.f.2 

1. Mucic acid from d-galactose 

2. Mucic acid from lactose 

Properties of substituted acids 


Lactic acid from cane sugar 


1. Chloroacetic acid from acetic acid 

2. Trichloroacetic acid from chloral hydrate 
3. Hexabromide of linolenic acid 

1. Alanine from acetaldehyde 

2. Glycine from hippuric acid, etc. 

3. Amino acids from protein 

4. d-Arginine hydrochloride from gelatin 
1. Glycocholic acid from ox bile 

2. Cholic acid from ox bile 

3. Desoxycholic acid from ox bile 

1. Properties of the carbohydrates 


2. Furfural from pentoses 

3. Commercial derivatives of cellulose 
Dextrin from starch 

1. Lactose from milk 

2. d-Galactose from lactose 

3. d-Glucose from sucrose 

1. b-Penta-acetyl glucose 

2. Acetobromoglucose 

3. Octa-acetylcellobiose 


Reactions of proteins 


1. Casein from milk 

2. Casein constituents from casein 
Protein gliadin 

Lecithin from egg yolk 

Edestin from hemp seed 

Hemin from ox blood 

Cholesterol from ox bile 

Reactions of urea, uric acid, etc. 

1. Urea and urea nitrate from urine 

2. Uric acid from urine 

3. Urea from ammonium cyanate 

4. Urea from phosgene 

Semicarbazides 

Properties of nitroparaffins 

1. Nitromethane from chloroacetic acid 
2. Methyl nitrolic acid from nitromethane 
3. Silver fulminate from methyl nitrolic acid 
n-Methylhydroxylamine from 24.b.1 
Ethyl nitrate from ethanol 

1. Ethyl nitrite from ethanol 

2. Iso-amy! nitrite from amy] alcohol 


Properties of diazo compounds 


Diazo methane 

Ethyl diazo acetate 

Properties of cyanogen and related compounds 
1. Cyanogen from mercuric cyanide 

2. Cyanogen from CuSO, and KCN 


Potassium cyanide from potassium ferrocyanide 


Formation of a mercaptan 
Ethyl mercaptan 

1. Ethyl isocyanate 

2. Methyl isothiocyanate 
Metallic thiocyanates 


Potassium xanthate 
Potassium ethyl] sulfate 
Trimethylsulfonium iodide 


tile fibers 


Properties of alkaloids 

1. Caffein from tea 

2. Nicotine from tobacco extract 
3. Strychnine from nux vomica 
4. Brucine from nux vomica 
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CALCULATION of NUMBERS 
of ISOMERIC PARAFFINS 


SCHUYLER M. CHRISTIAN 


Agnes Scott College, Decatur, Georgia 


An analytic relationship is established between the 
number of isomers and the number of carbon atoms of any 
member of the methane series, for the simplest case, where 
only those tsomers are considered that have a single, 
straight side-chain. This offers a somewhat novel ex- 
ample of the application of mathematical analysis to a 
chemical problem. 


~+ + + + + 


ANY fruitless attempts have been made to find 
an analytic function to express the number of iso- 
mers of a hydrocarbon in terms of the carbon con- 

tent. The literature on this subject has been summar- 
ized by Henze and Blair,' who have solved the problem 
of calculating the number of isomers, though not as 
a simple function. Such a function can be found for 
the simple case where only those isomers with a single 
straight side-chain, that is, one tertiary carbon atom, 
are considered. This may be of interest as a mathe- 
matical exercise, rather than a chemical problem. 
First, let the side-chain be a methyl group. lf N, the 
number of carbon atoms, is odd, there are possible 





isomers, as illustrated by the numbered positions 


that the methyl group may occupy in these examples: 


et eae tule 
¢ Cc 
1 1 2 
C—C—C- BSGOG Ge Eth 
Cc 
= 


r 


If N is even, there are isomers, for example: 








oi ae Miatam 
c c 
1 bs ae 
; : , j—-3.,1,1 
Both cases are included in the expression - + 4 + ri 
Ne ,«\ . . 
tan ¢, where @ = \ + ap since the tangent of this 


angle is alternately positive or negative, accordingly 
as N is even or odd. 





‘ 
1 HENZE AND Biair, J. Am. Chem. Soc., 53, 3077 (1931). 
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Secondly, let the side-chain be an ethyl group. Now, 








if N is even, the number of isomers is : — as, for ex- 
ample: ri 
C—C—C—C—C—C  C—C—C—C-—-C-—C-—-C-—-C-C-€ 
& dj 
& é 
1 1 2 3 
If N is odd, the number of isomers is — ~ 4 é. g.: 


C-O-C-C=¢ 0-C-C-C-C-C-C—-+6 
. 
& . 
1 2d 
And both of these are included in the expression 
N-6 ,1 1 


pin tied 
i Cae vas 





By exactly the same reasoning, it will very readily 
be found that the function for a propyl group is 








N-9 1 1 
re N-12 ,1 1 
For butyl ” is zy +4 -qtane 
N-15 





epee i See 
For pentyl] it is gy +qt+j tang 


And so on, for a side-chain of any length. 
Consider next the sum of a humber, 5S, of these series; 
this will be the desired total number of isomers, J. By 


the rule for an arithmetic series the sum, J = (first 
term + last term). 


If S is even, all the terms involving tan ¢ cancel, and 


the result is 
S (N-3 N-3S , 1 
2 (SF + Py T 3): 


But if S is odd, the last term in tan ¢ does not cancel, 
and the sum is: 


S{N-3 N-3S , 1 1 
be d(-p +7y +5) +a 


I= 


Both these cases are included in the function: 


BOSTON UNIVERSITY 
COLLEGE OF LIBERAL ARTS 


LIBRARY 





52 


I = = (2N — 3S — 2) +t — tan [F +7]) (1) 


ro 
; 
the latter complex angle again having a tangent alter- 
nately positive or negative, accordingly as S is even or 
odd. 

It remains to find S in terms of VN. With methane, 
ethane, and propane there are no isomers, so S is zero. 
With butane, pentane, and hexane there is only 
methyl isomer, and S is 1. Heptane, octane, and 
nonane give isomers of both the methyl and ethyl 
series, and S = 2. This regularity will continue as 
far as we choose to go, for example: 


N= 1], 2, 3, S = 0, 
N= 4, 5, 6, = 4, 
N= 7% 8 9, 2.2, 
N = 10, 11, 12, S = 3, 
N -=:12; 14, .15, = 4 
N = 16, 17, 18, S = 5, 
N = 19, 20, 21, S = 6, etc. 


To express this, we need a function that goes through 
a triple cycle, and this is done by the sine of a, when 


2Nxr , 2x 
= ‘3 + =) 
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The desired relation then is 
N-2 2 sin a 


oe ee 
Substituting this value for S in equation (1), and sim- 
plifying we finally obtain: 
N?-—2N _ sina 


a vr 8 


(1 cilia [= —* = sin “1) 
12 3Vv3 
This bulky equation is much simplified for practical 
purposes when it is noticed that the trigonometric 
part always has a value less than one-half. Therefore, 
it may be dropped, and to the nearest whole number, 
N? — 2N 


12 








I = 


This will hold for any paraffin; for example, it shows 
that there are 817 isomers of this simple class for the 
hydrocarbon CyjooH22, which may be verified easily, 
though not quickly. 

By similar analysis we can obtain functions for some 
other types of isomers, but it seems very unlikely that 
there can be any simple formula that will cover the 
entire methane series. 





SIMPLE YET WIDELY APPLICABLE 
TRANSPORT NUMBER APPARATUS 


EDWARD M. COLLINS 


Williams College, Wilinwatown: Massachusetts 


The determination of the transport number of the hy- 
drogen ion in a solution of an acid 1s recommended for 
an experiment in physical chemisiry. The construc- 
tion, operation, and advaniages of an apparatus which 
can be used for ihis experiment and also for the determina- 
tion of the transport numbers of metallic ions are de- 
scribed. 


++ + + + + 


ANY laboratory manuals in physical chemistry 
M give directions for determining the transport 

number of the silver ion in a solution of silver 
nitrate. Of eight manuals examined only two gave 
also the directions for determining the transport number 
of the hydrogen ion in a solution of an acid, viz., 
Fajans and Wiist (1) and Gray (2). We feel that 


the experiment with the hydrogen ion is preferable 
since a standard acid solution is more often on hand 
than a standard silver solution and also because the 


change in the concentration of the acid is more easily 
ascertained since a standard base is usually available 
in most laboratories. The types of apparatus used 
in the study of the silver ion are not as a rule ap- 
plicable if the ion under investigation forms a gas 
upon being liberated, which is the case with the hydro- 
gen ion. With the electrodes placed as usual near the 
bottoms of the respective compartments the evolution 
of the hydrogen and its rising through the solution 
would cause an undesired stirring in the cathode com- 
partment. In the two references cited above this 
difficulty is avoided by simplifying the apparatus to 
merely two small beakers with a connecting bridge. 
This apparatus, however, is not suitable for the metallic 
ions and it is difficult to obtain any solution from the 
middle compartment, the bridge, for analysis. Find- 
lay (3) calls for a modification of his apparatus when 
a gas is liberated at the cathode. His ordinary ap- 
paratus, consisting of two identical cathode and anode 
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compartments connected by a U-tube and having the 
electrodes extending to the bottom of the compart- 
ments, is altered by the substitution of a cathode 
compartment constructed along different lines so that 
the electrode can be located at the top. This apparatus, 
including the modified cathode compartment, may be 
purchased from the supply houses but its price is such 
that few laboratories can afford a sufficient number of 
them so that at least half the class may be working on 
this experiment simultaneously. The apparatus as 
purchased holds such a large volume of solution that the 
electrolysis must be continued several hours in order to 
effect an appreciable change in the concentration. 
Such a large apparatus, furthermore, requires a large 
battery for operation, 7. e., 110 volts D.c., a voltage found 
in but few laboratories. 

Washburn’s apparatus (4) may be used for hydrogen 
ions as well as for metallic ions with no structural 
changes but its large-bore stopcock makes it a very 
expensive and difficult apparatus 
to construct. Although once ob 
stocked by A. H. Thomas of Phila- * 
delphia, it must now be blown to 
order. A study of several other 
types of apparatus, cf., Taylor (5), a 
revealed none that was adaptable 
to both types of ions and yet also 
suitable for experimental use in 
physical chemistry. 

We have devised an apparatus 
which, like Washburn’s, can be 
used for both types of ions but which is cheaper and 
easier to construct; in fact, it may be made by any- 
one who possesses an ordinary degree of skill at glass- 
blowing. It has an advantage over most types of ap- 
paratus in the ease of the separation of the solutions 
in the respective compartments from each other at 
the end of the electrolysis and the withdrawal of them 
for analysis. The electrode compartments A and C 
as shown in the diagram are approximately 200 mm. 
long and are made from 25-mm. tubing, the use of 
tubing of this size or larger being necessary to de- 
crease the resistance of the solution. The middle com- 
partment B is made from 12-mm. tubing and is joined 
to the other compartments by means of connectors of 
rubber tubing at F and G. Smaller tubing is chosen 
for this part of the apparatus because of the greater 
ease in the making of the T-joints. Pinch-clamps 
applied at F and G separate the compartments and their 
solutions from each other at the end of the electrolysis. 
The solution in A is withdrawn for analysis through the 
stopcock. The solution in the middle compartment 
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may be removed through the opening at the top by 
means of a pipet or allowed to run through the stop- 
cock in the A compartment after the latter has been 
thoroughly drained of the first solution. 

We have used this type of apparatus for determining 
the transport number of the hydrogen ion in NV /2 HCl 
following the general directions for transport numbers as 
given in most manuals. In this experiment A is made 
the cathode compartment and the cathode D, consisting 
of a piece of platinum foil sealed into a glass tube filled 
with mercury, is held in position at the top of the com- 
partment by means of a stopper. The stopper must 
have a second hole or be grooved to allow the liber- 
ated gas to escape. The anode £ is an amalgamated 
zine electrode held at the base of the respective com- 
partment by means of astopper. Although most direc- 
tions call for a current of not more than 10 milliamperes 
we have obtained good results with as many as 100 milli- 
amperes. Approximately 40 volts D.c. are needed to 
produce this amount of current in this apparatus. 
With this larger current an appreciable change in the 
concentration of the solution in the electrode compart- 
ments is effected in seventy-five minutes instead of 
several hours. It should go without saying that 
if 40 volts D.c. are not available the experiment may 
be run on less at the sacrifice of speed. 

When using this apparatus for determining the trans- 
port number of a metallic ion one has merely to substi- 
tute for the platinum electrode an electrode of the 
appropriate metal, e. g., a silver electrode as anode when 
determining the transport number of the silver ion in 
a solution of silver nitrate. Since transport numbers 
are generally calculated from the change in the con- 
centration of the solution in the vicinity of either the 
cathode or the anode, the choice being governed by the 
experiment, the electrodes are arranged so that com- 
partment A which possesses the stopcock contains the 
desired solution. The apparatus permits withdrawal of 
the solution in the C compartment if an analysis of 
this is also desired. 
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REPORT of the COMMITTEE 
on CHEMICAL EDUCATION 
of the NON-COLLEGIATE TYPE" 


Objective No. 2, Part 1 
R. E. BOWMAN, Chairman 


Wilmington High School, Wilmington, Delaware 


T HAS been a long time since Mr. Ernst and I 
I urged upon Dr. Hopkins the formation of a Com- 

mittee on Non-Collegiate Chemistry. In that 
time considerable water has passed under the bridge— 
the New Economic Era, the Bull Market, Moratoria, 
Technocracy, the New Deal. Exceptional history 
teachers are beginning to realize that they might talk 
to their classes of the influence of sulfuric acid on civili- 
zation as well as of the continental system, upon the 
power revolution as well as the French revolution, of 
Faraday as well as Fox. Whatever one thinks con- 
cerning the deductions of the technocrats, Dr. Rauten- 
strauch is certainly justified when he says: 

History is so replete with military achievements and the rise 
and fall of nations that many otherwise well-informed persons 
are not aware of the important but unheralded happenings in the 
progress of the world, which have had far more influence in es- 
tablishing our present conditions of life than the quarrels and 
wars of all the nations, and the laws of all the parliaments that 


ever were convened. 

The training of technicians for chemical laboratories 
and plants will still be necessary if we do go to the 
thirty-hour week, or to the four-hour a day, four-day 
week of the technocrat. We are privileged to present 
conclusions, which although they are opinions, have 
been collected from a wide group of chemical industries, 
fairly well balanced both in kind and geographical 
distribution. 

Our committee, set up in 1928, recently published! 
a classification and discussion of ‘various kinds of non- 
college grade chemical courses.’’ Beside the academic 
high school and the schools of higher grade, special 
training in chemistry, elementary and applied, is at 
present secured from the following sources: (1) tech- 
nical institutes, (2) day trade and vocational schools, 
public and private—including schools of the technical 
high-school type, (3) college extension and correspond- 
ence courses, (4) public and private night schools, and 
(5) shop and plant classes. 

The committee early in July, 1932, sent out over two 





* Presented to the Division of Chemical Education at the 
Washington meeting of the A. C. S., March 29, 1933. 

1 Report of the Committee on Chemical Education of the 
Non-Collegiate Type. Objective No. 1. J. Cuem. Epuc., 8, 


2446 (Dec., 1931). 
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hundred questionnaires to various chemical and process 
industries, asking their opinions concerning the quan- 
tity and quality of special training which they could 
use, and how. The answers conveyed information as 
to the status of non-collegiate technicians and opera- 
tors employed by sixty firms, assurance having been 
given that all information would be summarized and 
used without naming the firms furnishing it, unless 
permission had been specifically allowed. A copy of 
the summary of the questionnaire was promised to 
those firms which responded. 

The replies were signed by presidents, plant mana- 
gers, personnel managers, research directors, and chief 
chemists. 


SUMMARY OF QUESTIONNAIRE 


Do you employ laboratory technicians and chemical plant 
operators of less than college grade? 
Yes—47 
No—7 
Rarely—1 
No set rule—1 
Very few—1 
If so, what minimum training do you expect before you will 
hire such help? 
a. High-school graduates—36 
b. Grammar-school—11 
c. Less than grammar-school—0 
Some say “high-school or equivalent.’’ Some _ specify 
high-school graduates for laboratory, grammar-school for 
plant employment. 
What is the approximate age of such employees? 
Under 16—0 
Over 16 but under 18—5 
18 or over—47 
Usually over 18—3 
How many technicians with college (academic or technical) 
training are employed by your firm? 
a. At present?—1861 (one firm includes high-school men) 
b. In normal times?—2432 
How many technicians with less than four years’ college 
training or with some training in technical institutions in 
addition to the regular high-school course are employed by 
your firm? 


a. At present?—786 
b. In normal times?—1004 
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No record kept—2 firms 
No report—10 firms 

From the above, the unweighted average ratio of graduate 
to non-graduate is about 2.4 to 1. 


Do you expect your younger employees to improve themselves 
by further formal study? 

Do you make any regular attempts to encourage your em- 
ployees to secure additional education along the lines in which 
they are employed or along other lines in which they are in- 
terested? 

Yes—37 
No—8 

Several report “‘no rule,”’ ‘‘sometimes,’’ ‘“encourage special 
cases,’ “where advisable.’ University extension, technical 
and university courses, correspondence courses, evening 
schools, management dinners and lectures, plant courses, 
and junior college codperatives are recommended. 

The evening extension courses of Pratt Institute, Brook- 
lyn Polytechnic Institute, Cooper Union, Drexel, Temple, 
Akron University, University of Pittsburgh, Carnegie 
Technical School, University of Rochester, Rutgers, New- 
ark Tech., and General Motors Institute of Technology 
are specifically named. 

Isolated plants seem dependent upon correspondence 
courses for the further upgrading of their non-college em- 
ployees and the training of foremen. In chemical centers 
the opportunities seem quite adequate. 


Which of the types of school named above is most useful to 
your firm in aiding the self-improvement of your non-college 
laboratory and plant employees? 

Encouragement is given the non-college man in many 
directions including those named above. Other recom- 
mendations are “university evening courses,” “regular 
college courses emphasizing chemistry and physics,” 
“technical training leading to a degree,’’ “‘correspondence 
schools—none other available,’’ ‘‘night school for foremen 
and foreman material with technical instructor who knew 
the man.”’ 
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Approximately what percentage of these technicians and opera- 
tors use the above avenues of self-improvement? 
Answers vary from ‘“‘none’”’ to ‘one hundred per cent.” 
The average of 35 firms reporting was 40 per cent. of non- 
collegiate employees who availed themselves of extension 
work privileges—not a weighted average. 

Much of the percentage depends on the attitude of the 
employing firm. 


Are the above types of school adequate for this sort of training? 
What changes would you suggest to make them more valuable 
to your firm and more attractive to the above type of employee? 
Twelve firms give an unqualified ‘“‘yes.”” Some of the sug- 
gested changes are as follows: “‘inspirational teachers— 
encouraging only the fit pupils’; ‘“‘adequate in part only’’; 
“we have worked out our own course for technicians’’; 
“‘periodic organization of courses’; ‘‘less routine and more 
specialized and individual training’; ‘‘better paid uni- 
versity professors’; ‘‘do not believe in too specific technical 
education’”’; ‘‘shortage of teachers of industrial experience” ; 
“tuition fees are too high’’; ‘‘make less expensive’’; ‘‘corre- 
spondence schools lack personal leadership of a teacher.” 
There were two ‘‘no’s,”’ one writer insisting on “‘less in- 
dustrial work and more fundamentals.”” (Dr. M. L. Cross- 
ley.) His opinion is certainly worth careful consideration 
if one keeps in mind the very successful policy of the West- 
inghouse Company? which in its prospectus says:® 
“Westinghouse Technical Night School is in nowise a 
trade school. The training is general, not specific. 


2 TARBELL, IpA M., “The American plan!” Cosmopolitan, 
94, 68 (April, 1933). 

3 PEFFER, 

millan Co., New York City, 1932, p. 108. 


“Educational experiments in industry,’’ Mac- 
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With a thorough knowledge of fundamental principles, 
skill in any chosen line of work is but a matter of appli- 
cation, and will come readily through daily practice.’”’ 


In view of Dr. Crossley’s outspoken published opinions, I 
am sure I make no serious violation of the committee’s 
promise in quoting him. 


In addition to the training indicated in the second question, 
does your firm approve of the employment of graduates of: 
Technical Institutes?—39, Yes. 
for technical positions. 

Day Trade and Vocational Schools?—28, Yes. 
Technical High Schools?—30, Yes. One, no. 
One writer commends the above “except for research,’”’ one 
“for limited scope,’ one says ‘‘exceedingly valuable,’’ and 
one—“‘if it will improve their training.” 


One, yes for operators, no 


Three, no. 


In general, what are your impressions of the value of junior 
technicians who have had the additional training indicated 
above? 

The abridged answers of many of the firms are given below: 
‘‘Necessary to jobs and positions of a routine nature 
requiring a type of intelligence under supervision and 
guidance.” 

“Additional training necessary along manipulative lines.’’ 
“Junior technicians fill definite place for routine and 
laboratory work; also for group from which foremen and 
sub-foremen are selected. Supplementary training re- 
flects itself in improved job performance and is a basis 
for promotion.” 

“Any additional training of an employee is an asset.” 
“Depends mostly on man.” 

“The few who have had additional training are decidedly 
the better for it.” 

“Training is of value to ambitious man; detrimental to 
those who expect schooling to be easy road to advance- 
ment. Individual is deciding factor.’’ 

“Little experience. Usually use graduate chemists or 
train unskilled men for their duties.’ 

“Have good impression. Three of our best chemists 
have been high-school graduates. One attended Armour 
Inst.; two took Int. Correspondence courses.”’ 

“Slightly better than untrained; high-school graduates 
not comparable with college man.” 

“Satisfactory for certain typés of work.” 

“Boys of ambition to take this work are usually of a 
desirable type.” 

“Best are those with experience in other plants, as research 
or laboratory assistants. Schooling does not appear of 
appreciable benefit.” 

“Remarkable success with men trained in our methods 
with aid of extra extension,or trade school aid.” 
“Kanawha Valley Section, A. C. S., has conducted some 
classes here, has helped in local high-school night classes. 
Have been disappointed in response of our people to 
additional facilities.”’ 

‘Satisfactory for all lines but research.”’ 

“We find new employees interested in further education.” 
“Graduates of technical institutes can be developed 
with plant experience into valuable operating and ser- 
vice men.” 

‘We are interested only in college graduates. 
oratory technicians employed since 1911.” 
“Very few men can advance in technical positions to an 
unlimited degree without college or university training.’ 
‘‘Makes men more interested in their work but is insuf- 
ficient to place them in responsible technical positions.”’ 
“Much variation in individuals in their reactions to this 
training. Some have developed into responsible posi- 
tions.” 

“Work under a graduate project leader. Some juniors 
develop into project leaders with additional training.” 


No lab- 
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“The more education they obtain, the better they are 
fitted.” 

“Essential for routine work.” 

“‘Compete sometimes with college graduates.” 

“Not as valuable as those who have graduated.” 
“Lack broad training. Not resourceful or inventive.” 
‘Encourage reading of technical publications.” 

“Fill an important place in industry in assisting depart- 
ment heads and supervising minor points of manufactur- 
ing processes.” 

“Very favorably.” 

“Technical institute—foremen. 
schools—journeymen.”’ 
“Preliminary training not desired. We train the new 
man in our own methods.” 

“Usually show better grasp of problems assigned; re- 
quire less supervision.” 

‘“More valuable than those not having above training. 
Not suitable for work of highly theoretical nature.”’ 
‘Much improved by additional training.”’ 

“Foreman training—night school under company spon- 
sorship.”’ 

“Our requirements for this class of help are not such as to 
afford you any information of value.” 

“Depends more on the man than the institution.” 
‘‘Men so trained can be valuable in operating positions 
and as assistants—Cleveland College, Y.M.C.A. Ex- 
tension School, etc. used.” 

“Usually good control men but poor investigators. 
develop into good foremen.”’ 

“No experience with above types but extra training im- 
proves men.” 

“Too few have energy and initiative to improve them- 
selves for foremanship. Badly handicapped by lack of 
fundamentals.” 

‘“‘Few men ever complete self-education courses. The 
few that do have the grit to progress and therefore would 
advance even without them.” 
“Sympathetic, but detailed information not available.” 
‘‘Additional training seems to make better operators for 
class of physical testing work they are required to handle.” 
“Increases their value as junior chemists.” 
“Difficult for men to attend evening school. 
attempts made to encourage men.” 

“One non-collegiate helper needed for each graduate. An 
extension course may help train him. Do not think he 
can be equal to university-trained man. Occasional 
transfer to plant.” 

“Employment based on other grounds than chemistry 


Trade and vocational 


May 


No definite 


knowledge. Many of our valuable employees started as 
high-school graduates. High-school chemistry not valu- 
able.” 
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The opinion of the chief chemist of Firm No. 56 holds so 
much interest that we quote it in full: 

“Where student takes up additional training after having 
reached a definite age or mental state, he is rarely able to 
absorb the ability for adapting himself to special condi- 
tions and problems which differ from his previous ex- 
perience. For example, if a machinist decides to take up 
chemistry when 25 or 30 years of age, he cannot readily 
adapt himself to problems which will confront him as the 
chemist, particularly if he needs to obtain his knowledge 
through home study or night courses. Self-improve- 
ment is extremely desirable with a man having a definite 
vocation in which he wishes to improve himself, which 
means that a machinist who takes up further study in 
the particular problems closely allied to his job is directly 
tending to improve his work and encourage opportunity 
for promotion. Home study and night course science 
training do not provide sufficient contact with scientific 
ideals such as university training provides by personal 
contact and example with leaders of technical thought. 
In the technical field most vocational training provides 
material for routine work only. More investigation 
should be made as to ability of student before offering a 
vocational course. More stress should be laid on per- 
sonal development.” 


Here the opinions of the responding firms end and 
the comments of the committee begin. Since one or 
more minority opinions may develop, I feel that they 
should be condensed into a second part of this report, 
and published as soon as they represent the final 
sentiments of the members. Up to this point I be- 
lieve they will support me without dissent. 


R. E. Bowman, Chairman, Wilmington High School, 
Wilmington, Delaware. 

H. A. Ernst, Essex County Vocational School for 
Boys, Newark, New Jersey. 

Morris LAWRENCE, Head, Dept. of Chemistry, In- 
ternational Correspondence School, Scranton, Penn- 
sylvania. 

Dr. R. E. Rose, Director, Technical Lab., E. I. 
du Pont de Nemours & Company, P. O. Box 518, 
Wilmington, Delaware. 

A. P. TANBERG, Director, Experimental Station, E. I. 
du Pont de Nemours & Company, Wilmington, Dela- 
ware. 

ALLEN RocGers, Head, Department of Chemistry, 
Pratt Institute, Brooklyn, New York. 





REPORT OF THE COMMITTEE ON CHEMISTRY LIBRARIES 


AT THE Chicago meeting of the Division of Chemi- 
cal Education of the A. C. S., Dr. W. A. Noyes, re- 
porting for the Committee on Chemistry Libraries of 
which Dr. Rufus D. Reed is Chairman, announced 
the compilation of a critically annotated list of books 
recommended for chemistry libraries—particularly 
high-school libraries. In order that this list might 


be. made available to teachers, administrators, and 
others to whom it will prove valuable, every effort has 


been made to reduce it to a volume which would make 
possible its publication in the JOURNAL. By presenting 
the Committee’s critiques in rather telegrammatic 
style it was found possible to effect considerable 
editorial condensation without sacrificing significant 
information Mr. Harvey F. Mack has also codperated 
by advising in the matter of economical typography. 
The complete report is now in type and will appear in 
the February number. 
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Bk. 


Xo/ (x1 + X2) = [x2°/ (x1 + x2) ](x1/x1°)*. 


MATHEMATICAL PROBLEM PAGE 


Directed by PAUL C. CROSS 


Gates Chemical Laboratory, California Institute of Technology, Pasadena, California 


PROBLEMS 51-55 


OLUTIONS of the following problems will be 


given in the February issue. 




















4. 


or 


or 


For a bimolecular reaction 
dx/dt = k(a — x) (6 — x) 


where a and 0 are the initial molar concentrations 
of the two reacting substances and x is the amount 
of each transformed at the time ¢. Integrate by 
partial fractions between the limits x = 0 to 





x = x andt = 0 to? = ¢ to obtain the relation 
1 b(a — x) 
a= . 
ia — 6) a(b — x) 


Given a reversible reaction 
A+B=C4D, 


let k; be the rate constant for the forward reaction 
and ke be that for the reverse reaction. The 
equilibrium constant / is defined as k;/ke. The 
temperature variation of the reaction rate may be 
represented by 
ies vn —E/RT 

where T is the absolute temperature, R the molar 
gas constant, E a constant known as the energy 
of activation, and s is related to the number of 
collisions between the reacting molecules. The 
variation of the equilibrium constant with tem- 
perature is given by the relation 


dinK _ AH 
dT RT 


Show that AH should be equal to A; — Fp. 
(s/s, may be taken as independent of 7.) 





SOLUTIONS OF PROBLEMS 46-50 


[J. Cuem. Epuc., 10, 755 (Dec., 1933) ] 


The unimolecular rate constant is given by 
1 a-—-x 1 a-x 
k= In = In 2. ee 
bh—-k a — & tz — te & = 
where a is the initial concentration and xj, Xo, x3 are 
the amounts which have reacted after the times 
h1, to, ts respectively. Find the value of a in terms 
of the x’s when the measurements are taken at 
equal time intervals (4 — t, = t; — te). 
From the results of problem 51 show that the 
rate constant can be determined from measure- 
ments of the change in concentration over two 
equal successive time intervals without data on 
: P 1 
the total concentration. (Derive k = - In 
ft 
Xe —- Xx 
: ' where tr = fp — th = ty — fe.) 
x3 — Xs 
In a unimolecular decomposition, if measurements 
of the concentrations, C,, are taken at times, ¢,, 
for a series of equal time intervals, #j4,; — 4 = 
7, a set of values for the rate constant may be 
obtained, 
1 ¢. 
Rian = ———h— 
7 lig. — 6 Cita 
Show that the arithmetical average of the (n — 1) 
values of k obtained from 1 such measurements 
is equal to the value of ko,,; 7. e., show that 
1 e~s 1 Co 
ste ln 
n— a, ait bL—-& C, 
dx; /dt = — kx. 
dxi/x, = —kdt. 
Similarly, dx2/x2 = — kodt. 
(dx2/x2) /(dx,/x1) = ko/Ri = ad. 
ais a constant since k; and 2 are constants. 
dx2/x2 = adx,/x. 
Integrating between the limits x2° to 12 and x,° to x, 
respectively, 


In(x2/2x2°) = aln(x/x1°). 

xX2/x2° = (x1/91°)%. 

“~ = X9°(x1/x1°) % ‘ 
Divide by x1 + x2. 


49. 





From the definition of } 
x1 + x2 = b(x1° + 2°). 
Substituting in the right side of Eq. (1) 
X2/(x1 + X2) = [x29/b(a1° + 2°) )(m1/2x1°)*. 
Multiplying numerator and denominator by 
(x1 + X2) (21° + x29) 

and substituting, 

x1 /x;° = bNi/M1°. 

Substituting N’s in Eq. (2) of the answer to problem 48 
N; = (N2°/b) (6Ni/M1°)@, 

b = (N2°/ Ne) (Mi /N,°)%ba. 

bi-@ = (N2°/Ne) (Ni/N,°)%. 

(a) b1-® = (N2°/Ne) (Mi/N,°)@. 


(2) 
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Substituting numerical values and making the ap- 
proximation 

Ni/N,° = 1 

(0.01)°-® = 1/5000 Ne 

Nz = 1/(5000-0.025) = 1/125 = 0.0083. 


(b) (0.02)°-8 = 1/5000 Ne 
Nz = 1/(5000-0.0436) = 1/218 = 0.0046. 
After the addition of 50 liters of ordinary water 
Nz = [0.0046 + (50.0.0002)]/51 = 0.000286 = N,° 
for the second step in the process. 
(0.0196)%8 = 0.000286/N2 
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Nz = 0.000286/0.043 = 0.00665 = 1/150. 
Note that the direct electrolysis as in (a) is the more 
efficient method of concentrating H?. 

(c) (0.2)%8 = (0.6/Ne) (Ni /0.4)%?2 
Nz = 0.6-Ni%2/(0.276-0.833) = 2.61 N°? 
Substituting N. = 0.99 and M, = 1—N, = 0.01, 
0.99 < 2.61-0.398(= 1.04). 
Thus Nz = 0.99 nearly satisfies the equation, and 
since the right-hand term becomes smaller as No. 
increases, it is obvious that the value of N2 which satis- 
fies the equation is greater than 0.99. (Actually 
about 0.992.) 





AS 


CORRESPONDENCE 


ANALOGIES IN TEACHING FRESHMAN CHEMISTRY 


To the Editor 


DEAR SIR: 

I found the paper on ‘‘Analogies in Teaching Fresh- 
man Chemistry”’ [J. CHem. Epuc., 10, 627 (1933)] 
interesting, and I intend to use some of the analogies in 
the course I am offering. 

Some of your readers may be interested in the follow- 
ing analogy I have been using to explain the meaning 
of gram-atom and mol: 


Suppose you are manufacturing bead purses and you are using 
four kinds of beads, referred to as beads H, C, N, and O. Sup- 
pose you are using these beads in equal quantities, and you 
wanted to order a shipment of beads from the glass factory. 

You would not ask the manufacturer to count the beads for 
you. Instead, you would weigh the individual beads, and if their 
weights are as 1:12:14:16, you would order 12 pounds of C, 14 
pounds of N, and 16 pounds of O for every pound of H you 
order. 

Similarly, if you are told that the atomic weights of C, N, O 
are 12, 14, and 16, respectively, and if you wanted to obtain as 
many atoms of each as there are atoms of hydrogen in one gram 
of that substance, you would use 12, 14, and 16 grams of the three 
substances, respectively. 

From now on, we shall refer to these quantities as one gram- 
atom of the respective elements. They all contain the same 
number of atoms and that number is approximately equal to 
6 X 1073; we shall refer to that number as N or Avogadro’s 
number. 

It is evident that N molecules of H.O will weigh 18 grams. 
From now on we shall refer to N molecules of any compound as a 
mol of that substance. 


This explanation is usually followed by an exhibit 
consisting of a cardboard box whose volume is approxi- 
mately 11.1 liters and of several wide-mouthed bottles 


containing one gram-atom of one of the following ele- 
ments: H, C, S, Cu, Fe, Ni, Pb, Sn, Hg, etc., as well 
as samples of one mol of each of the following: water, 
table salt, baking soda. 


Each bottle is labeled as follows: 


Element :-— 
Atomic weight :— 


This bottle contains: 


—Grams. 
One gram-atom. 
N atoms. 


I agree with John R. Lewis, the author of the paper, 
that reactions produced in the students’ minds may be 
entirely foreign to the ones the teacher wished to ob- 
tain. In this connection I should like to relate an 
amusing illustration. 

While explaining metathesis, I used as an illustration 
the case of two couples, AX and BY, who shuffled 
partners, making use of the institutions of divorce and 
second marriage. By analogy, the students gave the 
correct answer for the products of reaction between 
silver nitrate and sodium chloride. 

On the following week I was giving the students 
an explanation of the tendency of chlorine atoms to 
combine in pairs to form the molecule. One of the 
students asked me whether chlorine atoms could propa- 
gate their kind by union, “just as sodium chloride 
molecules and bacteria could.” 

MILTON J. POLISSAR 


ARMSTRONG COLLEGE 
BERKELEY, CALIF. 
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A NEW PERIODIC CHART 


To the Editor 


DEAR SIR: 


I read with great interest the article on “A New 
Periodic Chart’”’ by John D. Clark [J. Cuem. Epuc., 
10, 675 (Nov., 1933)] and note with disappointment 
that the author has left out all the elements from Ce 58 
to Lu 71, contenting himself with naming them the 
“rare earths,’’ thereby losing an opportunity of stress- 
ing the “‘new”’ principle regarding the periodic system. 
With this omission the chart is similar to one pub- 
lished in 1918 [Astrophys. J., 48, 241 (Nov., 1918)] 
and since then repeated with several additions, as 
in the “Chemical Dictionary” (Philadelphia, 1929, p. 
544). 

The really “new” principle regarding the periodic 
system was stated in 1918 [J. Am. Chem. Soc., 40, 
1023 (Aug., 1918) and Am. J. Sci., 46, 481 (Sept., 
1918) ] and formulated empirically as: the properties of 
the elements in the upper half of the spiral (or modified 
table) are similar along the vectors (or vertical direction 
of the table) = analogy in groups or group-relationship 
(e. g., halogens, etc.) while the properties in the lower 
half are similar along the periphery (or in a horizontal 


direction) = analogy in periods or period relationship 
(e. g., iron period, Mn, Cr, etc.). 

This empirical relationship is now borne out by the 
concept of atomic structure: elements in the upper 
half add electrons to the outermost shell, elements in 
the lower half add electrons to the next inner shell (in 
the case of the rare earths, to the second inner shell)— 
hence their great similarity. In other words, beginning 
with Sc the M shell is being filled to its full capacity, 
which is reached with Ga. Similarly, with Y, La, and 
Ac the N, O, and P shells are respectively filled, while 
with Ce the O shell is beginning to be filled from 18 up 
to 32 electrons, although the P and Q shells have 8 and 
4 electrons, respectively. 

In the spirals this is indicated by using a dotted line 
for the upper portions and a solid line for the lower 
portion. In the modified table (e. g., ‘“Chemical Dic- 
tionary,” p. 545) the elements in the upper half are 
placed in vertical groups, those of the lower half in 
horizontal groups, thereby stressing the principle of 
group-relation and period-relation. 

Inco W. D. Hacky 


COLLEGE OF PHYSICIANS AND SURGEONS 
SAN FRANCISCO, CALIFORNIA 


THE DISCOVERY OF RHENIUM 


To the Editor 


DEAR SIR: 


In the October number of the JOURNAL OF CHEMI- 
CAL EpucaTION, pp. 605-8, there appeared an article 
by Loren C. Hurd on ‘“The Discovery of Rhenium.”’ 

He referred to the researches of F. H. Loring and my- 
self on the isolation and chemistry of rhenium (dvi- 
manganese) and also to those of the Czech investiga- 
tors, Professors Heyrovsky and Dolejsek, and the im- 
pression might be conveyed that a claim was made for 
priority over the German investigators, I. and W. 
Noddack. The first paper by the German workers 
was published in June, 1925 [Naturwissenschaften, 13, 
567 (1925)]. Our first communication appeared in 
September [Chem. News, 131, 273 (1925)] and that 
of Heyrovsky and DolejSek in November [Nature, 
116, 782 (1925)]. However, Loring had been studying 
the missing elements for many years. A paper ap- 
peared on the subject in 1912 [Chem. News, 106, 37 
(1912)] and a restatement was made in his book, ‘‘The 
Chemical Elements’’ (1923). Reference to his later 
studies was made by the Germans in their first paper, 
a translation of which was published in The Chemical 
News [121, 84 (1925) ] through our instrumentality. 

Dr. Hurd, who has himself made notable contribu- 
tions to the study of the new element, goes on to criti- 





cize the methods adopted to extract rhenium from 
crude manganese preparations. Our original method 
gave a product found to contain only one to two per 
cent. of rhenium. Later we adopted a more satisfac- 
tory method [Sci. Progress, 24, 481 (1930) ]. Itis easy in 
the light of present knowledge to realize that earlier 
methods were not the best. Nevertheless, we were 
able to make use of our early preparations to discover 
some facts concerning rhenium. There is no evidence 
to suggest that rhenium would be present as per- 
rhenate (except in crude KMnO,). Not only have 
Heyrovsky and DolejSek used preparations from 
manganese sources but Polland’s [Compt. rend., 182, 
737 (1926) ] work on the absorption limit of the K-series 
of the element was carried out with similar material. 
The Czechs recorded four X-ray lines of the L-series 
(Nature ref., loc. cit.). 

Although I. and W. Noddack (“Das Rhenium,” 
1932, pp. 66, 70-1) mention certain reactions in which 
divalent rhenium appears, I agree with Dr. Hurd that 
there is little evidence in favor of the existence of stable 
divalent rhenium compounds. 


Yours sincerely, 
J. G. F. DrRuce 


“NAS Domov,” 56 BisHoPs PakK Roap 
Norsury, S. W. 16, ENGLAND 
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KEEPING UP WITH CHEMISTRY 


The amphoteric character of metallic hydroxides. R. ScHoL- 
DER. Z. angew. Chem., 43, 509-12 (Aug. 5, 1933).—From con- 
centrated true solutions of hydroxides of divalent metals it is 
possible to isolate hydroxo salts. The metallic hydroxides act 
as so-called anhydro acids which by the absorption of water or 
sodium hydroxides are transformed into hydroxo acids or salts. 
It is less probable that in addition any amphoteric dissociation 
of the metallic hydroxides takes place forming hydrogen ions. 
Excellent proofs are given showing the correctness of the theory 
proposed by P. Pfeiffer in 1908 concerning the solution of metallic 
hydroxides in bases. Los: 

The color of precipitated cadmium sulfide. W. J. MULLER 
AND G. LOFFLER. Z. angew. Chem., 43, 538-9 (Aug. 19, 1933).— 
By experimental evidence the authors seem to prove that the 
color of cadmium sulfide precipitated under various acid con- 
ditions depends solely and entirely on the size of the crystals 
formed. L. Ss. 

The attack on the atom. J. ZELENy. Sci. Mo., 37, 338-43 
(Oct., 1933).—Following a series of questions such as—‘‘What 
is the structure of atoms?’’—‘‘What is the nature and arrange- 
ment of the parts of which atoms are built?”’—the author pro- 
ceeds to trace the steps in the development of atomic structure 
including the discovery of the five fundamental components; 
viz., electrons, alpha particles, protons, neutrons, and positrons. 
He states further that there is an expectation that particles of 
half the mass of the alpha particle may be séparated out of the 
nuclei of some of the elements. Such particles would correspond 
to the nuclei of the heavier isotope of hydrogen. A neutral 
particle twice the mass of the neutron may also be found. 

.W.S. 

How rare gases give beauty to lighting. A. P. Peck. Sci. 
Am., 149, 15, 155 (Oct., 1933).—‘‘Neon” tubes do not always 
contain neon. Argon, krypton, xenon, helium, and mercury are 
also used. In the manufacture of gaseous tubes the first essential 
is absolute cleanliness of all material and purity of the gas. The 
electrodes are made of a secret alloy that does not decompose 
or throw off particles. Different gases give different colors: 
neon gives a red glow; argon, with mercury as a catalyzing agent, 
gives blue; a blue glow in an amber tube gives green; helium 
gives an approximation of white light, and helium in a yellow tube 
glows with a golden color. High voltages must be used and spe- 
cial transformers with current-limiting features have been de- 
signed. A surface of brushed aluminum is the best reflector, 
while a chromium-plated surface is not good. In general, any 
white surface is a good reflector. | aR Gee: “a 

Life’s greatest chemical. ANon. Ind. Bull., Arthur D. 
Little, Inc., 82, 1 (Oct., 1933).—Life’s greatest chemical is chloro- 
phyll, the green material of plants. Many great chemists have 
been thrilled to work with this complex chemical whose complete 
formula has been perceived only within the past few years. 
Even now all the bonds and atoms are not placed beyond dispute. 
Two great chemists who have spent years working with chloro- 
phyll, were recently honored; namely, the American, James B. 
Conant, who was elevated to the presidency of Harvard Uni- 
versity, and the German worker, Richard Willstatter, who was 
presented the Willard Gibbs Medal at Chicago. He recently 
stated that the principal characteristic of animal chemistry is 
oxidation, catalyzed by the iron of the blood hemin. Hemin is 
closely related to chlorophyll and was probably derived from it 
ages ago. Hemin, the coloring matter of blood, has iron in place 
of magnesium found in chlorophyll. The principal characteris- 
tic of plant chemistry is reduction, catalyzed by the magnesium 
of chlorophyll. G. O. 

Comparison of methanol ang other anti-freeze agents. T. C. 
Atsin. Chem. & Met. Eng., 40, 526-7 (Oct., 1933).—Market- 


ing of methanol for anti-freeze has been handicapped materially 
by lack of knowledge and also somewhat by the unsavory reputa- 
tion of this chemical, most of which seems wholly unwarranted by 
the facts. Its toxicity has been greatly exaggerated. Proposed 
specifications of methanol for anti-freeze are: (1) Tralles: not 
less than 97%. (2) Color: water-white. (3) Miscibility: 
miscible with water in all proportions without turbidity. (4) 
Acetone: not more than 2% by volume in 97% grade. (5) 
Esters: not more than 0.5% calculated as methyl acetate. 
(6) Allyl: Not less than 80 cc. as determined by bromine ab- 
sorption. (7) Analysis to be according to methods prescribed 
by the Bureau of Industrial Alcohol for denaturing-grade 
methanol. 

Data are given for proper instructions to be followed in making 

up anti-freeze mixtures with methanol. J. Wat. 

Vinylite. Anon. Ind. Bull., Arthur D. Little, Inc., 82, 2-3 
(Oct... 1933).—Vinylite is a synthetic resin which may be cast, 
molded, sheeted, extruded, or employed as a lacquer. Industrial 
and Engineering Chemistry has recently described some of the 
interesting applications of the Vinylites. One of the most un- 
usual applications of synthetic resins was illustrated recently in 
New York in the construction of a three-room apartment with 
everything in the apartment, except plumbing, fixtures, furniture, 
and bathtub, made of the new resin. Since the raw materials 
necessary for the manufacture of Vinylite, namely acetylene and 
unsaturated derivatives of ethylene, are now available in large 
quantities, it is reasonable to expect that the resin can be —e 
cheaply enough for architectural purposes, 

Concentrated heat. Anon. Ind. Bull., Arthur D. Little, a 
82, 2 (Oct., 1933).—The development of the improved inorganic 
fluid known as “‘NS fluid’? now makes possible temperatures up 
to more than 1500°F. It appears that NS fluid will be limited 
only by the durability of common materials of construction at 
elevated temperatures. Water can be kept from vaporization 
only up to 706°F., and then only by tremendous pressure. Di- 
phenyl, used instead of water to obtain high controlled tempera- 
tures, is not considered useful above about 900°F. NS fluid is a 
patented mixture of univalent and trivalent metallic chlorine 
salts and one mol of sodium chloride and one mol of anhydrous 
aluminum chloride which solidifies to a homogeneous mass at 
302°F., but remains soft down to considerably lower tempera- 
tures. With such a material it would apparently no longer be 
necessary to resort to direct firing for operations of very high 
temperatures. Instead, heat would be transferred from the hot 
flue gases to the NS fluid, and thence to the variously located 
equipment which is to be heated. Its exceptional heat-storing 
properties indicate its application in heat accumulators or regen- 
erators for waste heat utilization. G. O. 

Phenol supplies and cellulose. H. Lrevinste1n. Chem. & 
Ind., 52, 650-5 (Aug. 11, 1933).—The annual consumption of 
wood in the world is greater than the annual increment by natural 
growth. Unless excessive waste is checked the available soft 
wood in the United States and Canada will be exhausted within 
the lifetime of the present generation. If the use of.soft wood in 
building is curtailed it is very probable that natural growth will 
take care of the requirements for wood pulp to be used in the 
manufacture of paper, celluloid, and resins. It is suggested that 
many mass-produced wood products such as doors, window 
frames, and casings, might well be made from molded or pressed 
plastics. Desirable products may be produced more cheaply 
from plastics than from natural wood, and pulp wood can be 
used as a source of cellulose in place of the woods now used for 
such articles. One of the chief factors in regulating such uses of 
plastics is the cost of phenol which is made in large quantities 
synthetically in the United States. E. R. W. 
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Protecting underground pipe lines against soil action. K. H. 

Locan. Chem. & Met. Eng., 40, 514-6 (Oct., 1933).—The 
annual loss in the United States due to corrosion of underground 
pipe lines is estimated at $100,000,000. The Bureau of Stand- 
ards has been studying this problem for eleven years and draws 
the following tentative conclusions. Corrosion is probably al- 
ways an electrochemical phenomenon. The potential differences 
which cause most of the corrosion are the results of variations in 
oxygen supply at different points on the surface of the buried 
metal. The chemical characteristics of soils seem to have a direct 
effect on their corrosiveness and on their physical characteristics. 
These in turn affect the ability of the soil to admit oxygen and 
hold moisture and determine the changes in the soil as it dries or 
absorbs moisture. Conductivity may be taken as a rough indi- 
cation of the corrosiveness of a given soil. 

Methods of reducing corrosion are the use of bituminous coat- 
ings; keeping the pipe cathodic with respect to the adjacent 
soil; the use of a metal the natural corrosion products of which 
inhibit further attack; lead or zinc coatings; well made and prop- 
erly applied cement mortar; and vitreous enamels. 

J. WH: 

Rubber coatings for abrasion and corrosion resistance. L. 
Cuurcu. Chem. & Met. Eng., 40, 467-9 (Sept., 1933).—Corro- 
sion resistance, wear and abrasion resistance, and insulation 
against electricity, heat, sound, or vibration are all possible 
through the use of rubber coatings. These coatings are readily 
applied to surfaces of any shape by the anode process. The first 
coating of latex and ingredients is cured to the desired hardness 
and can be made to adhere with a bond even stronger than rubber 
itself. Anode rubber is extremely strong and tough and has 
many applications where elements of slightly flexible anti- 
rattling or non-slipping qualities are desired. Fe: Wee Ee 

Mining sulfur under water in Louisiana. L. O’DoNNELL. 
Chem. & Met. Eng., 40, 454-8 (Sept., 1933)-—Sulfur is being 
mined from beneath Lake Peigneur in Louisiana by the Frasch 
process. Sulfur is first struck at 660 ft. and is found in increasing 
amounts for the next 208 ft. Beneath the sulfur is a layer of pure 
rock salt. Since the mining operations are near the center of the 
lake it is necessary to bring hot water for melting the sulfur a dis- 
tance of one mile by pipe line from a power plant on shore. As 
the water must be of zero hardness a water-treating plant is also 
necessary. Water from the plant at about 320°F. is forced into 
the well at 100 to 250 lb. pressure. Drilling machinery is set up 
on a movable barge. Seventy wells have been drilled success- 
fully. One well has produced nearly 50,000 tons and is still pro- 
ducing continuously. The sulfur is 99.92% pure. J. W..H. 

Illumination characteristics of organic plastics. ANoN. Chem. 
& Met. Eng., 40, 469 (Sept., 1933).—Practically all the organic 
plastics may be produced in the clear form and find application 
as laminations for shatter-proof glass, for windows, in chemical 
plants and airplanes, for decorative displays, and photographic 
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film. Some transmit ultra-violet radiation. Plastics can easily 
duplicate the results to be obtained with glass in regard to light 
diffusion. Those that transmit little or no light serve as good re- 
flecting media. Their light weight permits lighter supporting 
framework and reduces shipping and handling costs. Good 
molding qualities and wide range of possible colors further in- 
crease their possible uses. J. W. H. 
Plastics: their use in dentistry. C. S. Grsson. Chem. & 
Ind., 52, 669-71 (Aug. 18, 1933).—There is reason to believe that 
certain phenol-formaldehyde resins and other plastics may be 
better suited for denture bases than vulcanite. .R. W. 
Plastics: the phenolic type and their uses. G. Drinc. 
Chem. & Ind., 52, 671-5 (Aug. 18, 1933).—Phenol-formaldehyde 
resins are, or may be, used in practically every industry. The 
practice of resin manufacture and the uses of resins have far 
outstripped our theoretical knowledge of these materials. 
E. R. W. 


Plastics and their genesis. G. T. Morcan. Chem. & Ind., 
52, 675-80 (Aug. 18, 1933).—An outline of some of the chief 
synthetic plastics in use today. Among those discussed are: 
glycerolphthalic anhydride resins, and resins made by reactions 
of formaldehyde with each of the following materials—urea, 
phenol, acetone, hydrocarbons. E. R. W 


Plastics: cellulose esters and ethers and their uses. W. J. 
Jenkins. Chem. & Ind., 52, 705-8 (Sept. 1, 1933). 
E. R. W. 


Cast iron fights back. ANon. Ind. Bull., Arthur D. Little, 
Inc., 82, 83-4 (Oct., 1933).—Cast iron is placing itself in a position 
to recover part of its lost ground due to competing materials 
which came into prominence due to welding, drop forging, and 
steel stamping. Ordinary gray cast iron, the cheapest of the 
ferrous materials, has been greatly hampered by hidden defects, 
which altered some of its physical properties, such as tensile 
strength and toughness. The presence of thousands of soft, 
weak flakes of graphite has been largely responsible for the de- 
fects. Today this graphite is being reduced in amount and dis- 
persed through the matrix in better form. Fundamentally, the 
entire development has come through precise technical control. 
Improved equipment with chemical and physical tests of the raw 
materials are making possible a gray iron with properties similar 
to those of malleable iron and steel castings. G. O. 


Petroleum refinery gas for city supply. R. S. McBripe. 
Chem. & Met. Eng., 40, 508-11 (Oct., 1933).—The city of Brook- 
lyn is mixing 4,000,000 cubic feet of gas per day from the refinery 
of the Standard Oil Company with water gas and coke oven gas 
to make their city gas. This by-product refinery gas is run 
through liquid purifiers, compressed to 50 Ib. per sq. in., run 
through mixers and into the city gas holders. This scheme is 
equally advantageous to the petroleum refinery and the city. 

J. W. H. 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Experiments on the formation of artificial smoke screens. 
W. FLoRKE. Z. phys. chem. Unterricht, 46, 211 (Sept.-Oct., 
1933).—The most important chemicals used on a large scale 
are P, SO;3, TiCh, SiCl, SnCl, and Zn. The following tests 
can be carried out easily in the laboratory. 1. Burn P in the 
usual manner under a large glass bell. 2. Atomize SO; solu- 
tions. 3. Drop chlorosulfonic acid (HCISOs;) into a tall cylinder 
onto moist sand. 4. Drop SnCk into a tall cylinder onto moist 
sand. 5. Mix 5-10 g. of Zn dust with an equal quantity of 
kieselguhr and fill a cardboard box with this mixture. Saturate 
with CCl. Add a little Mg powder, place a piece of Mg ribbon 
on top, and light the latter. The following reaction takes place: 
CCl + 2Zn = 2ZnCk + C. The ZnCl, vaporizes and reacts 
with the moisture of the air forming ZnO and HCl. The C 
renders the cloud gray. L. S: 


An inexpensive Kipp generator. W. SIEBELING. Z. phys. 
chem. Unterricht, 46, 168-9 (July-Aug., 1933)—The bottom 
of a U-tube is filled with glass beads. One arm of the U-tube 
contains zinc or marble and is provided with a glass stopper. 
The other arm contains the acid and a l-hole stopper fitted 
with a piece of glass tubing. The apparatus can be used in the 
usual manner. L. S. 


Determination of the change in volume of gases and vapors 
with temperature and pressure. H. PETZOLD AND R. SCHARF. 
Z. phys. chem. Unterricht, 46, 193-7 (Sept.-Oct., 1933).—The 
authors discuss the mathematical relationships and give specific 
directions for performing experiments. Experimental results 
and curves are included in this article. L 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


The estimation and detection of the halogens. A. J. MEE. 
Chem. & Ind., 52, 520-3 (June 23, 1933).—A review outline of 
the methods for the estimation and detection of the halogens 
which have been advanced during the last four or five years. 
References to original papers are given. E. R. W. 

A century of progress in the chemistry of nutrition. H. C. 
SHERMAN. Sct. Mo., 37, 442-7 (Nov., 1932).—By the middle 
of the 19th century a number of discoveries fundamental to the 
science of nutrition had been made, although little actual science 
of nutrition existed. The remaining two-thirds of the 19th 


century were spent in laying the foundations of the developments 
of the present century- These developments are discussed from 
the standpoint of six ‘‘pillar concepts” (1) quantitative studies 
of the energy relations, (2) enlightenment in the protein chem- 
istry of nutrition, (3) importance of several of the mineral ele- 
ments, (4) the discovery and the determination of the chemical 
nature of the vitamins, (5) interrelationships between the differ- 
ent nutritional factors, (6) the principle that our ultimate con- 
cern is essentially the nutritional reactions of the living body as 
a whole. G. W. S. 








RECENT BOOKS 


THE ROMANCE OF ResEARCH. L. V. Redman, Vice-President 
and Director of Research, and A. V. H. Mory, Associate Direc- 
tor of Research, both of Bakelite Corporation. The Williams 
& Wilkins Co., Baltimore, 1983. x + 149 pp. 12.5 * 18.5 
em. $1.00. 


For the thousands returning from the Chicago Fair with the 
desire to learn more of the real meaning of the exposition, the 
Century of Progress Series of dollar books will provide fascinating 
reading. ‘‘The Romance of Research’’ will undoubtedly prove 
one of the most popular of the twenty or more volumes. The 
professional standing of Dr. Redman and Dr. Mory assures the 
scientist and the industrialist a serious attempt to realize the 
goal of conveying to the layman ‘‘the viewpoint of research, and 
something of its method, its development, and its achievements.” 
The imaginative and broadly cultural approach of the authors to 
their task will prove a delight to professional and lay reader 
alike. 

In the first chapter there is a statement of the qualifications of 
the research worker that may well find its place with similar 
sayings of such scientists and philosophers as Whitney, Little, 
Millikan, Eddington, and Jeans: ‘‘But what of the method by 
which men are thus creating, or rather by which they are helping 
Nature to create, a better physical environment for usall? If the 
desire is for something intrinsically new, whether an alloy steel, a 
synthetic dye, a radio tube, or a spineless cactus, it must be 
obtained, if at all, in Nature’s prescribed way; it must be created; 
and nobody who is in a hurry to get something has ever been very 
successful in learning what way Nature prescribes. On the other 
hand, certain intellectually honest, enthusiastically persevering 
individuals, endowed with insatiable curiosity, keen power of 
observation, ingenuity, originality, patience, common sense, and 
the urge to take infinite pains, have been notably successful in 
inducing Nature to reveal her secret ways of working. Further- 
more, to such it is the best of all sports.”’ 

The final appeal for the application of the scientific method to 
the solution of economic and social problems will find a ready 
response from all trained in the physical sciences: ‘‘So let fact- 
finding concerning our social order continue even though the mass 
of data accumulated become a maze. Chemistry for a century 
was a confusing array of unrelated facts. Then came Can- 
nizarro, Mendeléeff, Kekulé, Lewis, Langmuir, Bohr, each 
lighting the way with revealing generalization. Thus will it be 
in our new science of sociology.” 

“The Romance of Research” is another worthy contribution 
to that nation-wide adventure in education that is serving a wider 
field than could possibly be reached by the more formal methods 
of chemical education in the classroom. 

JoHN R. SAMPEY 
Howarp COLLEGE 
BIRMINGHAM, ALABAMA 


A MANUAL OF PRACTICAL INORGANIC CHEMISTRY. QUALITATIVE 
ANALYSIS, AND INORGANIC PREPARATIONS. Dr. E. H. Riesen- 
feld, Professor at the University of Berlin. An authorized 
English translation by P. Réy, M.A., University College of 
Science, Calcutta, India, of the latest (eleventh) German 
edition of ‘‘Anorganisch-chemisches Praktikum,”’ revised in 
collaboration with Dr. R. Klement, Assistant at the Chemical 
Institute of the University of Frankfurta.M. Chuckervertty, 
Chatterjee & Co., Ltd., 15 College Square, Calcutta, 1933. 
xxiii + 471 pp. 29 Figs. 13.5 X 21.5cm. Price. 
Rs. 6/-; Foreign 9s. 


The fact that this book has run through eleven German edi- 
tions over a period of a quarter of a century seems sufficient 
assurance that it possesses a content and a character worthy 
not merely of continuation but of dissemination, In the trans- 
lator’s preface we read: “During long years of experience in 


Indian, 
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teaching chemistry the translator felt the need of a really com- 
prehensive book, written in English, on qualitative analysis and 
inorganic preparations, that might be placed with confidence in 
the hands of the beginners.... The old orthodox method of 
teaching Analytical Chemistry to the beginners is badly in need 
of a wholesome change, as, more often than not, the students 
are found to work mechanically without any clear grasp of the 
principles involved,” and “‘Impressed with the excellence of its 
method, judicious selection of up-to-date information compressed 
in a small volume and the clarity of expression needed for the 
beginners, the translator took the earliest opportunity of asking 
from the author the permission of rendering this book into 
English.” 

The reviewer feels that Professor Ray has sensed a real need 
and has made a real contribution toward meeting it. A few 
institutions are now wisely making an effort to lower the barriers 
between the traditional subdivisions of the subject, to treat 
and to teach chemistry as a unified science, and to set up com- 
prehensive requirements for those who would do their major 
undergraduate work in this field of concentration. This book 
is best described by the word comprehensive. It is more than a 
manual; it is replete with descriptive and explanatory material, 
fundamental theory, illustration, summary outlines, tables, 
structural formulas and equations, as well as with rules and 
suggestions on general laboratory practice and technic, pointers 
on the care and use of materials and equipment, clear and con- 
cise directions for the preparation and analysis of substances, 
the application and interpretation of tests, etc. 

The book is a unit, not divided into chapters; yet it is logically 
organized and unusually well indexed. The introductory pages 
contain four different classifications of the subject matter, each 
with page references to major and minor topics, as follows: 

Contents, including First Aid in Accidents, List of Apparatus, 
and the numbered sections: 1. General Rules. 2. Manipulative 
Methods in Chemistry. 3. Preliminary Experiments and Theo- 
retical Introduction. 4. Non-metals. 5. The Important Acids. 
6. The Alkali Group. 7. The Alkaline Earths. 8. Ammonium 
Sulfide Group. 9. Hydrogen Sulfide Group. 10. Hydrochloric 
Acid Group. 11. Rare Elements. 12. Acids (analysis of the 
anions). 13. Course of Analysis. 14. Tables and Index. 

Syllabus of Theoretical Principles, indexing some eighty im- 
portant discussions appearing throughout the book. 

Summary of the Course of Analysis, referring to twenty-seven 
summary procedures for separations, etc. 

List of Preparations, indexing sixty-two preparations which 
range in difficulty from that involved in the preparation of 
carbon dioxide to that of such exercises as the simultaneous 
preparation of thionyl chloride and phosphorus oxychloride. 

In the presentation of the details of individual subjects the 
broad comprehensive view is maintained. Thus, the material 
on antimony, covering seven and one-half pages, is outlined 
under the headings: Occurrence; Salts; Alloys; Solubility of 
the Metal; Preparation of Antimony Trichloride; Preparation 
of Sodium Sulfoantimonate; Preliminary Tests: 1. Flame 
Coloration, 2. Bead Test, 3. Blowpipe and Charcoal-Soda- 
Stick Test, 4. Film Test, 5. Heated in Closed Tube, 6. Marsh’s 
Test; Reactions of Sb’”’ with 1. Sulfuretted Hydrogen, 2. Zinc, 
3. Water; Reactions of SbO’’’, SbeO,’’’’, and SbO,;’ with 
1. Sulfuretted Hydrogen, 2. Zinc. 

Each metal and acid in turn is treated in a corresponding 
manner. The reader is allowed to feel that he is dealing with 
a chemical individual—with a character—and not merely with 
an ion met with in qualitative analysis. 

On the whole the book is a refreshing departure from the usual 
make-up of books on chemistry available in English, and prob- 
ably few books of its scope in any language would contain so 
much valuable material. No outstanding errors are noted. 
Twenty-eight cases of typographical error are listed as Errata 
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on an introductory page. These errors are obvious and harm- 
less, though, of course, unfortunate. The printing is clear, 
on good paper, and the book is well bound. The book is com- 
mended for its content and organization. It should prove an 
excellent manual for students in the second semester or second 
year of the college course, for students’ autonomous study, 
or as a reference book for either student or teacher. 


ANTIOCH COLLEGE 


YELLOW SPRINGS, OHIO Wm. A. HamMMonD 


INDUSTRIAL CHEMISTRY. AN ELEMENTARY TREATISE FOR THE 
STUDENT AND GENERAL READER. Revised Edition. Emil 
Raymond Riegel, Ph.D., Professor of Industrial Chemistry, 
University of Buffalo, with the support of a large number of 
collaborators. The Chemical Catalog Co., Inc., New York 
City, 1933. 784pp. 2383 Figs. 16 KX 23cm. $6.00. 


The following specialists have codperated with the author in 
connection with subjects as indicated here: Daniel E. Sharp 
(structural glass, optical glass, special glass, and glass bottles), 
Benjamin F. Clark (water for municipalities and for industrial 
purposes, sewage disposal plants), Robert Knoch (dye application 
and the manufacture of dyes), Earl Booth (essential oils, perfume 
sundries, flavors, pharmaceutical), Amos A. Fries (chemical 
factors other than explosives in warfare), H. F. Lichtenberg 
(leather, gelatins, and glue), J. William Ellis (patents), and 
Kenneth McAlpine (pig iron). H. E. Howe gave “detailed 
criticism cf a number of chapters and general criticism of the 
manuscript as a whole.” 

The author’s revision of the first edition (1928) [for a review 
of this edition, see J. Cuem. Epuc., 5, 1709-10 (Dec., 1928)] 
has resulted in a book of considerably increased size, namely, 
seven hundred eighty-four pages as against six hundred forty-nine 
(increase of one hundred thirty-five); and two hundred thirty- 
three figures as against one hundred seventy-two (an increase of 
sixty-one). The chapters which have been increased ten or more 
pages deal with sulfuric acid (11 pages), caustic soda and chlo- 
rine (12 pages), and phenol resins (15 pages). Chapters which 
have been increased by five or more pages are: salt, soda ash, 
salt cake, hydrochloric acid, Glauber salt, sodium silicate 
bromine (8 pages); fuels, steam boilers, hydroelectric power, 
steam power and production of cold (6 pages); processes based on 
activity of yeasts (9 pages); petroleum and its products (5 
pages), animal and vegetable oils and fats (5 pages); pigments, 
paints, varnish, lacquers, printing ink (7 pages). Chapters with 
increases of two or more pages are: synthetic nitrogen products 
(4 pages); portland cement, lime and gypsum plaster (2 pages); 
pottery, common bricks, refractory bricks and crucibles, vitrified 
enamel (2 pages); the distillation of coal (4 pages); the by- 
products and distillation of pine sap and wood for turpentine 
(3 pages); soap and glycerin (3 pages); evaporators, driers, 
Cottrell precipitator, and others (2 pages); leather, gelatin, and 
glue (2 pages); materials used by the chemical engineer (Chapter 
45, 2 pages); instruments of control used by the chemical engi- 
neer (Chapter 46, 2 pages); steel (2 pages). 

The total number of chapters of the present edition remains the 
same, namely, fifty. Chapters I and II (sulfuric acid) of the 
older edition have been arranged in one chapter, with two parts, 
thereby allowing for a new chapter for the present edition, syn- 
thetic and semi-synthetic organic chemicals (27 pages and 18 
figures). 

Problems appearing at the ends of chapters have been consider- 
ably increased in number. The new edition shows a total of one 
hundred thirty-five as compared with a total of sixteen in the 
older edition. 

Each of the fifty chapters is prefaced with a brief paragraph of 
historical interest or of other inspirational value. A few quota- 
tions should serve to direct readers to the more complete state- 
ments: 

SO aiar cicveneee ee Until a very few years ago, America mined more 
phosphate rock than any other continent; that js no longer so. 
America is outranked in this respect by the dark continent.” 
- while coal as a source of power may be replaced, coal 
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as a source of raw material for gas, motor spirits, dyes and certain 
explosives, is without substitute.” “........ In an electric 
furnace a temperature three times as high (as burning coal under 
forced draft) is obtainable, about 4100°C.; this is not so very far 
from the estimated temperature of the sun’s surface, 6200°C.”’ 
"Hesatea~edk The utilization of gases on an industrial scale is one 
of the triumphs of present-day chemical engineering.” ‘“..... 
In 1931 there were produced in the United States 851 million 
barrels of crude oil, and from these 16,649 million gallons of 
gasoline. These figures show that petroleum and its products are 
necessities in the modern world.” ‘“....... the chemist or 
engineer uses coal and limestone, for example, and produces from 
them the delicate and volatile acetate esters. This makes true 
the slogan: From rocks to ethereal solvents.” ‘“‘. .... The 
manufacture of dye intermediates is the most brilliant success of 
synthetic organic chemistry.”” ‘‘. . .. . synthetic organic dyes, 

. . have a brilliancy never approached by natural dyes 
Te deeke Lavoisier himself was the manager of the powder works 
of the French Government just before the revolution of 1789.” 
ee eee The synthetic resins have afforded the first big lesson 
to the chemical investigator, that the humble ‘tars’ may have their 
[os gia ace eR The history of tanning reaches as far back as 
the history of man; compared with it, the science of chemistry is 
indeed young. Yet in the past fifty years, chemistry has fur- 
nished the tanner a new method, chrome tanning.” ‘‘.... The 
process of Bessemer (1855) was discovered independently by 
Kelly of Kentucky in 1847.” “..... Gold is a unique com- 
modity in that its price does not fluctuate with supply and de- 
mand, but is fixed by law.”’ 

Low temperature carbonization receives only meager attention, 
as the total of one paragraph would indicate. Nothing is said of 
activated carbon as a by-product in wood pulp manufacture. 

The title of Chapter 25, ‘“‘Synthetic and Semi-Synthetic 
Chemicals,’’ the material selected, as well as the treatment are 
commended. The author has brought together facts concerning 
syntheses in the acetylene and ethylene series that are new enough 
to warrant attention. Fuller information will be sought for by 
many, as here points the way to an enormous field for industrial 
production and research. 

Three chapters on dyes have a cordial welcome. The treat- 
ment is sufficiently comprehensive to serve as a source of in- 
formation for those wishing a brief and concise statement 
concerning the dye industry. The idea that students should 
have more training in dye intermediates and dyes, than is com- 
monly offered in first courses in organic chemistry, is not ex- 
pressed but is nevertheless easily evident. The educational 
value of the book is strengthened through the presentation of 
the subject matter of these chapters. 

The author and publishers have done a service by enlarging 
and revising this book. It is now of increased value as a textbook 
and a book of reference. The price of the present volume ($6.00) 
is fair and reasonable. 

FRIEND E, CLARK 


WEST VIRGINIA UNIVERSITY 
MORGANTOWN, WEST Va. 


Charles D. Hodgman, 
Chemical Rubber Pub- 
10 X 16.5 


HANDBOOK OF CHEMISTRY AND PHYSICS. 
Editor-in-chief. Eighteenth Edition. 
lishing Co., Cleveland, Ohio, 1933. xiii + 1818 pp. 
cm. $6.00. Special rates to students. 


This valuable handy reference work is too well known to 
chemists to require description or recommendation. The features 
which distinguish the eighteenth from the preceding edition are 
concisely set forth in the preface as follows: ’ 


“Perhaps the most important change in the ‘Handbook of 
Chemistry and Physics,’ now being presented in its eighteenth 
edition, is the appearance of a new and wholly revised table of 
‘Physical Constants of Inorganic Compounds.’ The revision 
has been accomplished with the assistance of over fifty col- 
laborators. Nearly 1500 new compounds have been added and 
new and more accurate data furnished for those already listed. 
A slightly modified arrangement and the use of boldface type 
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to mark the groups of compounds will facilitate the use of the 
table. The metal-organic compounds have been segregated at 
the end of the main table. 

“The section devoted to the description of the elements has 
also been wholly rewritten, made more complete and brought 
up-to-date. The revision of the tables giving the characteristics 
of thermionic vacuum tubes has been made necessary by the 
appearance of a very large number of new types. A new table 
which will be of interest to a wide circle of readers is the un- 
usually complete compilation of the speed of photographic 
plates and films. The elastic and mechanical properties of 
materials replaces a former table on the same subject. Through 
the courtesy of the leading manufacturers, the table ‘Trans- 
mission of Colored Glassses’ has been brought up-to-date. The 
mathematical section has been increased by the addition of the 
table ‘Factors and Primes.’ Other important additions or 
revisions are as follows: 


pH values for potentiometer readings 

Mass absorption for X and y rays 

Organic analytical reagents 

Volumetric primary standards 

Solubility chart 

Musical scales 

Liquids for index of refraction by immersion method 
Density of fluosilicic acid solutions. 


“In addition, many corrections and minor changes have been 
made.” 


CHEMICAL Economics. Williams Haynes, Publisher of ‘Chemical 
Industries” and ‘‘Plastic Products.’’ D. Van Nostrand Com- 
pany, Inc., 250 Fourth Avenue, New York City, 1933. xviii 
+310pp. 93 Figs. 14 22cm. $3.25. 


The fundamentals of chemical economics is a fascinating 
subject and one which has received very little attention. Mr. 
Haynes has not only carefully summarized these fundamentals, 
but he has put them in a form which is quite palatable to the 
average reader. 

There are two sections to the book. The first involves the 
economic foundation of the chemical industry, and the second, 
the historical background of the chemical industry. The 
former covers such material as the economics of chemical produc- 
tion, supply and demand, cost, value, price, and distribution. 
The latter gives an outline of industrial evolution and describes 
the development of the chemical industry not only in the United 
States, but also in foreign countries. Cartels, consolidations, 
and mergers are specifically treated. The final chapter deals 
with the chemical future. 

The fundamentals of chemical economics has been treated in 
great detail with a myriad of illustrations. For example, the 
author points out quite clearly why it is that the industrial 
concern which develops a new product that can be put to new 
uses is bound to be successful even in depression periods. He 
writes at length concerning the evils of over-production of the 
commodity whose use is well known but limited. Evidently 
from an economic standpoint, one of the most important reasons 
for research and development is the creation of new things with 
new uses, rather than the modification of existing processes to 
decrease the cost of production. Such points as these cannot be 
overemphasized and it is to the author’s credit that they are 
not only given an important position in his text, but they are 
treated in a manner so that the average reader will not only under- 
stand and appreciate them, but will actually derive pleasure from 
reading the same. 


The second section of the book is most fascinating. It is the 


first time that a short history has been made of the development 
of chemical plants throughout the world. Even to those who 
are somewhat familiar with this development, it is still interesting 
and most entertaining. 





Special mention should be made of the unusually attractive 
and artistic pictures which the author has used to adorn his 
text. 

Briefly, ‘‘Chemical Economics” is a book of interest to young 
and old, to the student, teacher, industrialist, and, in fact, to 
every one who is interested in chemistry. 

D. B. KEYES 

UNIVERSITY OF ILLINOIS 

URBANA, ILLINOIS 


ORGANISCHE FARBSTOFFE, ANLEITUNG ZUM SCHRITTWEISEN 
EINDRINGEN IN DIE FARBENCHEMIE AUF KOORDINATIONS 
THEORETISCHER GRUNDLAGE. Dr. R. Wizinger, Privatdozent 
an der Universitat Bonn. Ferd. Diimmlers Verlag, Berlin 
and Bonn, 19338. x + 86 + LXVII. 22.5 X 28.5 cm. 
Paper-bound, M. 9.80; Cloth-bound, M. 11.80. 


The purpose of the book is to present briefly and concisely the 
main ideas pertinent to a systematic study of organic dyestuffs 
with emphasis on the work done at the University of Bonn. 
It might be well to list the headings of the different parts into 
which the subject matter is divided. 


Color—a Sensory Impression pp. 1-2 
Color—a Physical Phenomenon 3-9 
Constitution and Color 10-63 
The Process of Dyeing 64-86 
Table of Dyestuffs I-LXVII 


Beginning with an interesting general discussion of .color, a 
good background is given for the presentation of the later 
chapters. 

The historical development of the theories of color and con- 
stitution from O. N. Witt to W. Dilthey and R. Wizinger is 
given briefly, after which the various groups of dyestuffs are 
discussed in detail. This is followed by a theoretical considera- 
tion of the process of dyeing different materials. In closing, one 
hundred fifty of the more important dyestuffs have been classified 
according to the Dilthey-Wizinger theory following the method 
of presentation of Schultz or the Color Index. 

The author has, of course, presented in an exceedingly able 
manner the theories put forth at Bonn by Dilthey and Wizinger 
regarding the organic dyestuffs. Also, in a few sentences the 
main points in this field have been mentioned in historical se- 
quence. For those who care for more detailed information than 
can be given in a short monograph, abundant references to larger 
works and the original literature are given. 

The book should be of great assistance to the student study- 
ing the organic dyestuffs for the first time and a valuable addition 
to the library of the chemist. 

RatpH T. K. CORNWELL 

SYLVANIA INDUSTRIAL CoRP., 

FREDERICKSBURG, VIRGINIA 


MISCELLANEOUS PUBLICATIONS 


DEFINITIVE REPORT OF THE COMMISSION ON THE REFORM OF 
THE NOMENCLATURE OF ORGANIC CHEMISTRY. Translation 
with comments. Austin M. Patterson. Reprint from the 
J. Am. Chem. Soc., 55, 3905-25 (1933). 


A copy of this reprint will be sent free to each member of the 
Organic Division of the A. C. S., and a limited number of addi- 
tional copies are available for ten cents each through the secre- 
tary, Arthur J. Hill, Sterling Chemistry Laboratory, Yale 
University, New Haven, Conn. 


(NEw SERIES OF MICROSCOPES FOR STUDENT AND RESEARCH 
Work.) Bausch & Lomb Optical Co. 15.7 X 23.7 cm. 
Eight-page folder with photographs, descriptions, and price 

list of the new HS series of microscopes. 
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Sept. 18, 1867—Dec. 13, 1933 
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LYMAN CHURCHILL NEWELL 


DR. LYMAN C. NEWELL died suddenly but 
peacefully on the morning of December thirteenth 
after having apparently started upon the road to 
recovery from a long and severe illness. Readers of 
the JOURNAL who had not the good fortune of personal 
acquaintance with Dr. Newell will remember him as a 
frequent contributor of interesting and important 
historical material and as an active participant in 
Division of Chemical Education affairs. 

His services to the JOURNAL, however, far exceeded 
those of a faithful and valued contributor. He was a 
stanch and active supporter of the publication from 
the first. As Chairman of the Division at the time 
the reorganization of the JOURNAL took place and as a 
member of the committee entrusted with the adminis- 
tration of JouRNAL affairs, he gave unsparingly of his 
time and energy and displayed to a rare degree the 
ability to think and act calmly and purposefully under 
conditions which might well have conduced to flurried 
and ill-considered behavior. 

Dr. Newell also had the admirable quality of main- 
taining his enthusiasm and activity in the anti-climactic 
periods of routine drudgery which follow moments of 
emergency. He realized fully that execution is quite 
as important as decision—though it usually involves 
less sustaining excitement. Until ill-health forbade, 
he was the constant adviser and encourager of the 
editorial staff. His suggestions always took the grace- 
ful form of the free-will offerings of a friend. If any 
of them proved for any reason not to be feasible, he 
never displayed the slightest pique or disappointment, 
nor did he withhold the next idea which seemed to him 
likely to be helpful. He could and did exhibit a 
kindliness truly paternal, and it was never alloyed 
with a trace of the attitude that “father is always 
right, my lad.’’ His aid and counsel never bore the 
musty savor of duty; they were the generous out- 
pourings of a warm and benevolent nature. 

The sense of personal bereavement that we experience 
in his passing is one which will be felt in many places. 
Some conception of the breadth of the public-spirited 
services that he performed and of the universal esteem 
that he had earned is conveyed in the tributes that 


follow. 


* * * * * * 


AS I LOOK BACK upon the score of years since I 
first met Dr. Newell, I realize that there have been no 
inconsistent readings on the continuous curve of my 
admiration and respect for him. I well remember my 
delight when I first discovered that he was intensely 
human in addition to being the author of a standard 
textbook. 

Dr. Newell’s vast fund of knowledge and experience, 
his quiet dignity, his tolerance of others, his unfailing 
humor, and his sense of values made him a tower of 
strength in the profession. It was inevitable that he 
should be chosen for the first A. C. S. Committee on 


66 


Chemical Education, for the editorial board of the 
JOURNAL OF CHEMICAL EpDucaTION, and for the Senate 
of Chemical Education. 

Dr. Newell read a paper at the very first meeting of 
the then Section of Chemical Education in September, 
1921, and from that date participated actively in our 
programs and deliberations. After having refused to 
allow his name to be considered because of existing 
obligations elsewhere, he was finally persuaded in 
September, 1932, to accept the chairmanship of the 
Division of Chemical Education. To this service he 
gave every ounce of his strength—an added evidence 
of his devotion to the cause. A characteristic closing 
phrase in his letters was, ‘Assuring you of my unbroken 
interest in the best Division of the American Chemical 
Society.” 

In the death of Dr. Newell the Division of Chemical 
Education has lost an outstanding organizer and leader, 
while every worker in the field has lost a warm friend and 
counselor. No monument could be more appropriate 
than the one he himself built through the years in our 
hearts, whereon the challenge of his example is deeply 
engraved. 

Ross A. BAKER 


* * * 


THE RECENT PASSING of Dr. Lyman C. Newell 
comes as a profound shock to the members of the 
American Chemical Society who have been interested 
in the work of the Division of the History of Chemistry 
of which he was Secretary from 1922 to 1927 and 
Chairman from 1927 to 1932. As one who was closely 
associated with Dr. Newell in the early labors of this 
Division the writer wishes to pay a brief tribute to his 
services in support of the historical movement which 
was initiated and fostered by the late Edgar F. Smith. 

Long before the establishment of the History of 
Chemistry Section at the Rochester meeting of the 
American Chemical Society in April, 1921, Dr. Newell 
had begun to accumulate a vast collection of auto- 
graph letters, portraits, cartoons, books, medallions, 
and other historic memorabilia of famous chemists. 
This accumulation, to which he was constantly adding, 
has become one of the most valuable private collections 
in the world. It was not only most useful to Dr. 
Newell in his college courses upon the history of chem- 
istry but it was a great source of pleasure and instruc- 
tion to his colleagues of the Historical Division at the 
meetings of the American Chemical Society to which 
Dr. Newell constantly brought illustrative material 
of the choicest kind. The writer has most vivid 
recollections of assisting Newell in the installation of 
some of his exhibits at the Pittsburgh meeting of the 
American Chemical Society in 1922-and at the New 
Haven meeting in 1923. His comments upon the 
significance of each particular item showed a marvelous 
attention to thoroughness and to accuracy of detail. 
In his ability to place a chemist in the complete en- 
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vironment of his co-workers and contemporaries Newell 
was without an equal. His paper upon ‘“The Chemist 
Friends of Pasteur’ with its accompanying exhibits 
relating to Dumas, Biot, Balard, Payen, Berthelot, 
Chevreul, and other noted French chemists (read at 
the New Haven meeting of 1923) is cited in this con- 
nection. This and his papers upon the chemical 
associates of Lavoisier, Priestley, and other notables, 
read at various meetings of the Historical Division, 
stamp Newell as a master in this field of historical 
presentation. It is to be regretted that more of these 
papers have not been published. 

The writer recalls with especial pleasure his numerous 
personal contacts with Newell at the time when Dr. 
Smith was actively engaged in promoting the work of 
the Historical Division. At the Golden Jubilee meet- 
ing of the American Chemical Society and at the meet- 
ing of the History of Science Society in Philadelphia 
in 1926 Dr. Smith invited Newell and myself to lunch 
with him at the Union League Club and at Boothby’s 
where I would listen with greatest enjoyment to the 
plans of my two companions for stimulating an interest 
in the humanistic and historical aspects of chemistry 
among students. Those were golden hours. 

Dr. Newell’s interests in historical chemistry were of 
the broadest kind, as is made evident from the list of 
some of his published papers on page 125. The chemis- 
try of every country and of every period was treated 
with the same scholarly care. No matter how fre- 
quently a subject might have been previously discussed 
there was always something of novel interest in his own 
presentation. With the passing of Smith, Coyle, and 
Newell, three of the strongest props of the History of 
Chemistry Division have been cut away. Their loss 
is irreparable at a time when the cultural aspects of 
chemistry need most to be encouraged. 


C. A. BROWNE 
OK * * * * * 


THE DEBT of the Northeastern Section of the 
American Chemical Society to Professor Newell is 
heavy. He served the Section as Councillor at various 
times for many years and as Chairman in 1925-26. 
It was largely his efforts that made the Section an 
incorporated entity in possession of a permanent trust 
fund. Recently he was Chairman of the Section’s 
committee on the Theodore William Richards Medal, 
with the duty of collecting money for its endowment 
and of making arrangements with the artist and with 
the die-sinker. He did valuable work on the Section’s 
board of publication, assisting in the management of its 
monthly journal, the Nucleus, and promoting the now 
successful project of popular radio broadcasts on 
chemistry. In his work for the Section, as in that for 
the other organizations with which he was connected, 
he exhibited in a remarkable degree the power of secur- 
ing the willing codperation of others. He made them 
feel the worthwhileness of the causes to Which he was 
himself devoted. 

Professor Newell was a great teacher of chemistry. 
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This fact I know by inference, on the one hand from 
observations of the respect, almost reverence, which 
his former students invariably showed for him, on the 
other by my own knowledge of his patience and kind- 
ness, of the keenness and whimsicality of his humor, 
and of his unlimited willingness to be clear. For about 
fifteen years we have pursued the same hobby together, 
the history of chemistry. We have exchanged anec- 
dotes, information, and documents, codéperated in 
inquiries. I have seen Professor Newell’s enthusiasm. 
I have known him as a man devoted to accuracy, 
appreciative not merely of the work but also of the 
character of the heroes of chemistry, of their environ- 
ment and their difficulties. He was sensitive to the 
value of the unessential. He was a great teacher of 
much more than chemistry. He communicated an 
appreciation of fine things. 


TENNEY L. Davis 


* * * * * * 


THAT LYMAN C. NEWELL early recognized the 
need of an association of teachers of elementary chem- 
istry is shown by the fact that he was one of the charter 
members of the New England Association of Chemistry 
Teachers and served as its first president. In the third 
year of his teaching at the Somerville High School, 
taking his cue from two teachers who, though members 
of the recently formed physics association, were advo- 
cating the formation of a similar organization devoted 
to chemistry, Newell threw his whole energies into the 
proposal, entered vigorously into the preliminary plans, 
became the first president of the organization in 1898, 
took an active part in the work of the earlier years, and 
has exerted a guiding influence through the succeeding 
years. 

Newell’s hand is easily seen in the constitution of 
the Association, a document characterized by its sim- 
plicity, conciseness, and adequacy. It has been 
amended but slightly and then only to meet new needs 
as they arose. It has served as a model for other 
organizations, among them the Division of Chemical 
Education of the American Chemical Society. 

The Association at the very beginning began the 
plan of work through committees. Newell was chair- 
man of several of these at various times, in addition to 
presenting occasional papers on the regular programs, 
and to taking part frequently in the discussions of 
papers read by other members. 

At the fiftieth meeting of the Association, Newell 
presented a comprehensive “History of the New Eng- 
land Association of Chemistry Teachers from the First 
to the Fiftieth Meeting,’ he served as chairman of the 
committee on the fiftieth meeting, and presented the 
speakers of the evening. 

At the twenty-fifth anniversary of the Association 
(the sixty-eighth regular meeting) Newell read a 
lengthy paper on “The Earlier and Later Days of 
Chemistry in New England.” 

In 1901 Newell was chairman of a special committee 
to compile a ‘List of Books in Chemistry” for use of 
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chemistry teachers. This was the forerunner of several 
other similar lists prepared later by other teachers and 
committees, one in particular being the Association’s 
‘““A Chemistry Library for Secondary Schools” pub- 
lished in 1916. 

Newell was instrumental in incorporating the Asso- 
ciation so that it could legally receive gifts. This paved 
the way for the receipt of several donations of books, 
apparatus, specimens, and lantern slides. The largest 
donation was that of the private scientific library of a 
former president, Rufus P. Williams, given by his 
widow along with money to make these books available 
to members. The Association recognized the impor- 
tance of this work by making Newell permanent curator 
of the library and museum. The writer had the pleas- 
ure of compiling in 1915 an eighteen-page printed 
catalog of the library and museum. The books and 
specimens, through the courtesy of Dr. Newell and 
the permission of Boston University, are housed in an 
alcove of the University library. 

While teaching at Lowell Normal School, Newell 
began his extensive textbook career by bringing out his 
“Experimental Chemistry’ in 1900 and his ‘‘Descrip- 
tive Chemistry” in 1903. His later numerous texts are 
familiar tomany. Though textbook writing can hardly 
be considered a New England Association activity on 
his part, a perusal of the early printed reports of the 
Association reveals the influence of the papers and dis- 
cussions of those days in his lucid methods of pres- 
entation. 

That Newell was more than a teacher of chemistry, 
more than a good organizer, more than a textbook 
writer is clear to those who knew him well and who 
called him by his last name without any titles or other 
honorary adjectives. They remember his oft-repeated 
injunction: ‘Let us think this thing through”; it is 
also borne out by his ‘“The Teacher’s Problem’ and 
his ‘“The Teacher’s Vow”’ [p. 100]. From the latter let 
me quote one sentence: “I will see the good in all 
pupils and lead them on to higher attainments.” 

WILHELM SEGERBLOM 


> Wak Aon a oe 


IN THE DEATH of Lyman C. Newell we have 
lost a friend characterized not only by his fine per- 
sonality, intellectual ability, and wisdom, but also by 
his many-sided interests, both in chemistry as author, 
educator, and historian, and in art and letters. In his 
article, ‘“‘American Contemporaries,” Dr. Tenney L. 
Davis has drawn a most faithful portrait of Dr. Newell, 
which all who knew him can endorse [Ind. Eng. Chem.., 
24, 1082 (1982) ]. 

Dr. Newell’s interest in the history of chemistry 
dated from his graduate student days at Johns Hopkins 
University, at which time he began to gather portraits, 
autograph letters, and memorabilia of famous chemists. 
The old book shops of Boston and his trips to chemical 
centers abroad enabled him to garner a most complete 
and unusual collection of such historic material. He 
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utilized this in a course at Boston University on the 
history of chemistry, which he had developed in a 
very interesting and systematic fashion. To his audi- 
tors, the ability to bring forth a rare print or a letter 
of Lavoisier gave reality to a historical past. 

Largely on account of the enthusiasm and leadership 
of the late Edgar Fahs Smith, the group of chemists 
interested in the history of our science was finally 
organized as a section at the fall meeting of the Ameri- 
can Chemical Society in 1921, with Dr. Lyman C. 
Newell as secretary. This began for him nearly a 
decade of service, first as secretary for the Section, and 
later (1927) as chairman of the Division of the History 
of Chemistry. Dr. Newell was both untiring and 
successful in his efforts to arouse interest in this his- 
torical field and to provide worth-while programs for the 
national meetings. We all remember with the keenest 
appreciation the letters, portraits, medals, etc., which 
Dr. Newell brought to these meetings, and his inter- 
esting and scholarly descriptions of his various treas- 
ures. 

In his writings Dr. Newell made very definite con- 
tributions to our knowledge of the history of chemistry, 
especially in the American field. Numerous articles by 
him have appeared in the publications of the North- 
eastern Section of the American Chemical Society; of 
especial interest was the account of ‘Fourteen New 
England Chemists,” which he (with Dr. Tenney L. 
Davis) prepared for the program of the Swampscott 
meeting (A. C. S., Sept., 1928). 

Dr. Newell presented many papers before the 
Division of the History of Chemistry which later were 
published, mainly in Tus JourRNAL. In this list one 
finds the following subjects: an account of the founders 
of chemistry in America; a sketch of Charles W. Eliot, 
the first chemist-president of Harvard University; an 
article on the famous Count Rumford, who hailed from 
New Hampshire; and another on Adet, the chemist 
envoy from revolutionary France. Dr. Newell’s story 
of the chemical work of Faraday was a most illuminating 
study, and his papers on chemical caricature brought 
together much unusual material. The article on 
“Chemical Education in America from the Beginning 
to 1820,” presented at the Buffalo meeting (Sept., 
1931), was especially valuable for the wealth of material 
it contained. Our knowledge of Priestley in America 
he distinctly enriched by the account of Peter Porcu- 
pine’s persecution of Priestley. ' 

His last contribution to THis JouRNAL (May, 1933) 
was on “‘Chemistry in the Service of Egyptology,’ and 
showed what our science has done in assisting archzol- 
ogy. Dr. Newell’s works were characterized by their 
pleasing style; and the many illustrations, drawn 
mainly from his private collection, added greatly to 
their value. 

The Division of the History of Chemistry has lost not 
only a strong and delightful personality in the untimely 
death of Dr. Newell, but also one of its most useful 
members and valued contributors. 

F. B. DAINS 
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DOOR to NATURE’S 
SECRETS—VITAMIN C 


WILLIAM A. WAUGH 


University of Pittsburgh, Pittsburgh, Pennsylvania 


This paper is a review dealing with the recent isolation 
and identification of vitamin C. The chemical properties 
of the vitamin are described, and the methods of assaying 
it and its physiological effects are given. The formulas 
that have been suggested for the constitution of the vitamin 
are reported and the natural sources of the antiscorbutic 
substance described. 
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HE NUTRITIONAL requirements of the higher 

animals and man have been found in recent 

years to be very complex, but along with the 
recognition of complexity has come steady progress in 
identifying the newer factors, making possible a clearer 
picture of physiological processes. 

In addition to fats, proteins, carbohydrates, water, 
and inorganic salts, a number of accessory factors 
known as vitamins are necessary for the maintenance 
of health. The hormones and enzymes, which resemble 
the vitamins in that they are organic compounds pos- 
sessing remarkable activity, are physiologically in a 
different class because they are produced by the body. 
The vitamins must be obtained from some outside 
source. Therefore, their supply to the body is largely 
a matter of chance, and it can easily be understood 
that prolonged deficiencies in specific factors may occur 
on restricted or highly artificial diets. The results— 
such conditions as rickets, pellagra, and scurvy—have 
plagued the human race. Although scurvy, which is 
caused by a prolonged lack of vitamin C, is no longer of 
frequent occurrence in its most severe form, occasional 
outbreaks still occur, and there is good evidence that 
partial vitamin C deficiency is a factor to be con- 
sidered seriously in relation to public health. 

As early as 1593 Albertus noticed a disease in men 
which was characterized by loss in weight, weakness, 
pallor, sore and swollen joints, and the falling out of 
teeth, but apparently he did not clearly recognize that 
it was the result of a deficiency. It is interesting to 
note, however, that he was able to cure the disease by 
the administration of sour juices. Much later (1720) 
Kramer recognized scurvy as a deficiency disease, and 
Lind (1) (1752) confirmed this view by a series of 
experiments on twelve human subjects under ‘‘experi- 
mental control.” ‘ 

That the cause of scurvy was a deficiency of some 
unidentified organic substance in citrus fruits and 





vegetables was clearly stated by Budd (2) in 1841. 
The discovery by Holst and Frélich (3) in 1907 that a 
disease analogous to human scurvy could be produced 
in guinea pigs by dietary control laid the basis for 
most of the modern investigations and progress. 


CHEMICAL PROPERTIES 


Information concerning the chemical properties of 
vitamin C was accumulating, but necessarily remained 
somewhat empirical previous to its isolation and identi- 
fication [King and Waugh (4)]. Bezssonov (5), who 
suggested that the vitamin consisted of three factors, 
a sugar, an organic acid, and a phenol, had made many 
contributions to the knowledge of behavior of the vita- 
min in his attempts at isolation. Zilva (6) and associ- 
ates had made highly active preparations and had 
contributed a great deal to our knowledge of the 
vitamin during several years of laboratory study. 
His finding that after the vitamin had been destroyed 
by atmospheric oxidation it could not be reduced with 
hydrogen and platinum black (7), and his methods of 
concentration proved of particular value. Sherman 
(8) and associates demonstrated clearly the effects of 
the pH of its solutions upon its rate of destruction, 
and improved the method of assay. Hess and as- 
sociates (9) had made many contributions to its clinical 
significance,. and had shown that copper and other 
heavy metals catalyze the oxidation of the antiscorbutic 
factor. 

McKinnis and King (10) showed that the active 
factor diffuses rapidly through a collodion membrane 
(demonstrated by feeding tests on the dialysate), 
and from their electrical transference studies at different 
pH values found that the vitamin was not a salt-forming 
nitrogen compound, such as an amino acid or base, but 
possessed distinct acidic properties. Sipple, Grettie, 
and Svirbely, in collaboration with Dr. King (11), 
developed improved methods of concentrating the 
active factor and showed that it is soluble in absolute 
acetone, ethyl acetate, and propyl alcohol, but in- 
soluble in ethyl ether and petroleum ether. Smith and 


King (12) showed that purified concentrates, free from 
enzymes and heavy metals, can be stored for fourteen 
days or more without appreciable loss of activity. 
The reducing value, solubility, sirupy nature, and acidity 
of this concentrate corresponded with the properties of 
an active hexuronic acid. 
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Very early in 1932 Rygh, Rygh, and Laland (13) pub- 
lished their evidence for having isolated and synthesized 
vitamin C. A compound derived from narcotine was 
reported to have protected guinea pigs from scurvy 
(but survival was not beyond that of negative controls). 
King and Waugh (4) pointed out that their technic led 
to a misinterpretation of their results in that the only 
animals surviving the experimental period had re- 
ceived the vitamin from boiled orange juice or an 
aqueous extract of sprouted grain. Many investiga- 
tors [Zilva, Ott, Harris, and Tillmans (14)] have been 
unable to duplicate Rygh’s results. 

As a well-identified substance, the former mysterious 
nutritive factor, measured only in terms of 8- to 12-week 
animal tests, is now studied as a simple organic com- 
pound. 


METHODS OF ASSAY 


At the present time there are two general methods 
for the determination of vitamin C, a chemical method 
and the physiological assay, the latter being essen- 
tially the criterion which must still be used to sub- 
stantiate results by the chemical method (which is not 
specific for the vitamin). 

The chemical method was developed principally by 
Tillmans and associates (15) who pointed out the 
striking correlation between the reducing value of 
foods and their vitamin C content. It depends on the 
reduction of a dye, 2,6-dichlorophenolindophenol (in- 
troduced in the series of oxidation-reduction indicators 
synthesized in Mansfield Clark’s laboratory) by the 
vitamin. The method is fairly accurate for determin- 
ing the amount of vitamin C in both animal and plant 
sources when there is no other strong reducing mate- 
rial present. Such compounds (e. g., cysteine) are known 
to occur, however, and hence the test can only be used 
with reservation. 

The standard physiological method depends on the 
use of guinea pigs; these animals are very sensitive 
to a deficiency of the antiscorbutic material and can 
be relied upon to manifest reasonably well-defined 
symptoms. The method most generally used is the 
one proposed by Sherman, La Mer, and Campbell (16). 
The animals are given a basal diet which contains 
everything for normal growth except vitamin C. 
When given this diet alone, the animals will die within 
a period of twenty-five to thirty-five days. When a 
food or preparation is to be assayed, it is fed in graded 
amounts so that the minimum protective level is 
demonstrated on a quantitative basis. A tooth-cross- 
section technic with guinea pigs, and a curative test 
have been used in several laboratories successfully. 


ISOLATION AND IDENTIFICATION 


Studying oxidation-reduction factors in Professor - 


Hopkins’ laboratory at Cambridge University in 1928, 
Szent-Gyérgyi (17) isolated from cabbages, oranges, 
and adrenal glands a very active reducing substance 
which he termed ‘“‘hexuronic acid.” Certain of Zilva’s 
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results (20) indicated that the acid could not be directly 
related to vitamin C, and Szent-Gyérgyi sought to 
relate it to cortin, the adrenal hormone (18). 

In the early fall of 1931, after four years of systematic 
fractionation and assay of the antiscorbutic material 
from lemon juice, crystals which exhibited the proper- 
ties of Szent-Gydrgyi’s “hexuronic acid” were isolated 
at the University of Pittsburgh. These crystals showed 
a minimum protective level of 0.5 mg. per day for 
guinea pigs under standard assay conditions. This 
was not reported until March, 1932 (4), when further 
evidence had been obtained, including preparation of 
the lead salt for alcoholic solution and recrystallization 
from different solvents, without change in activity, 
particularly because of Rygh’s report of a substance 
about 10,000 times more active. 

The proof that vitamin C was a six-carbon sugar acid 
(hexuronic acid) and identical with the acid isolated by 
Szent-Gyé6rgyi as a reducing factor in animal and plant 
tissues may be summarized as follows: (a) the acid 
titration equivalent corresponded with the formula 
CsHgO¢; (b) two atoms of iodine (or equivalent of other 
oxidizing agents) were reduced by each mol of acid; 
(c) the optical rotation found was [a] = +24° to 
25°; (d) typical crystals were obtained repeatedly 
from different solvents; (e) the solubility in a number 
of organic solvents corresponded with such a formula; 
(f) precipitation as a lead salt from an alcohol or water 
solution was consistent with regard to activity and 
properties; (g) there was a similar instability toward 
alkaline reagents and oxidizing agents; (h) the diffu- 
sion rate and electrical transference were typical for 
such an acid; (z) the melting point varied some with 
different preparations (approximately 185°) and was 
accompanied by decomposition. 

A fortnight later, Szent-Gyérgyi and Svirbely (on 
an International Exchange Fellowship from the 
University of Pittsburgh) (19) reported that one milli- 
gram of hexuronic acid fed daily protected guinea pigs 
from scurvy. 

The acid prepared from adrenal glands by an en- 
tirely different method was generously supplied by 
E. C. Kendall, and found to exhibit (27) the same 
quantitative physiological response as found for the 
acid prepared from lemon juice, thus eliminating the 
possibility of antiscorbutic activity being due to 
contaminating material An improved method of 
preparing the vitamin from lemon juice was reported 
by Bessey, Waugh, and King (35). 

Szent-Gyérgyi and Svirbely (28) reported feeding 
tests with the acetone derivative and also with the 
acid after hydrolysis from the acetone derivative (re- 
ported melting point, 192°), finding it protective on 
a 0.5 mg. level. In the same paper, they also de- 
scribed a procedure for separating the vitamin from 
Hungarian red peppers, recovering nearly a pound of the 
pure vitamin. The preparation of the acetone deriva- 
tive was described by von Vargha (29). 

Evidence has rapidly accumulated in a number of 
laboratories confirming beyond question the identity 
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of vitamin C as a six-carbon sugar acid having the 
general formula CsHsO., for which the name “ascorbic 
acid” has been suggested by Szent-Gyérgyi and Ha- 
worth. Harris (14, 26), Tillmans (14, 15), Nelson 
(21), Zilva (20), and their associates have made im- 
portant contributions in confirming the identity of the 
vitamin. 

A series of different structural formulas for the acid 
have been suggested from different laboratories, each 
laboratory proposing a different formula, so far with- 
out adequate proof or verification by animal tests. 
Cox, Hirst, and Reynolds (22) have suggested the 
formulas: 

COOH-CO-CO-CH:2:CHOH:-CH:0H = 
COOH-CO-C(OH) :CH:CHOH:CH;20H 

Karrer and associates (23) have suggested the 

formula 


CH,OH-CHOH-CO-CH;-CO-COOH. 


The third formula was advanced by Micheel and 
Kraft (24), who suggested the furan-ring type of 
structure: 


CHOH—C=0O 


| | 
HO—CH;—CH—O—CH—COOH 
H 


| 
HO—-C—C—OH 
HO—CH,—CH—O—C—COOH 


Levene and Raymond (36) have suggested: 


Gi, CHO. CHOW 
H,CHOH.CHOH-CH-CO-COOH 


as an alternative to the Euler formula (37), 


es apo 
CH;0H-CHOH-CH-COH:COH-CO 


The final proof of structure will depend on the synthesis 
of a compound which will function as the vitamin 
physiologically when fed to guinea pigs, in addition 
to having identical physical and chemical properties. 
It is very likely that synthesis will be accomplished in 
the near future. 

Reichstein, Grussner, and Oppenauer* (25) have re- 
cently reported the synthesis of the d-form of vitamin 
C. They started with d-xylosone and obtained a very 
active reducing material which gave the right melting 
point but they could not obtain the correct optical 
rotation. No mention was made of animal feeding 
tests. 


OCCURRENCE AND FUNCTIONS 


Vitamin C occurs very widely in the plant kingdom 
and occasionally in high concentration. Rich plant 
sources are red and green peppers, lemons, oranges, 

* Since this paper went to print these authors have reported 


(Helv. Chim. Acta, 16, 1019 (1933)] the synthesis of the /-form 
which was physiologically active when fed to guinea pigs. 
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tomatoes, and green vegetables. It appears probable 
that it plays a functional réle in the metabolism of all 
of the higher plants and animals. In animals the 
vitamin is highly concentrated in the cortex of the 
adrenal gland, but is present in other tissues in widely 
varying amounts. Harris and co-workers (30) have 
published a modification of Tillman’s method for the 
determination of vitamin C in animal tissues. 

Largely from Szent-Gyérgyi’s work, before his 
“hexuronic acid’’ was identified as the vitamin, it is 
evident that the vitamin is related to normal respira- 
tion. Hartman (31) has made the interesting observa- 
tion that a cortical extract containing cortin but free 
from hexuronic acid, enabled guinea pigs to retain their 
weight better on a ‘‘C-free” diet. Szule (32) has re- 
ported that a vitamin C treatment of Addison’s disease 
causes depigmentation. 

Birch and Dann (33) found that tissues having a 
high glutathione content also contain a large amount 
of vitamin C. They suggest that these two substances 
might be linked factors in one system of oxidation in 
the animal cell. 

Marine and Baumann (34) have recently suggested 
that vitamin C may have some relationship to goiter. 
Hanke (37) has particularly emphasized the practical 
relation of vitamin C to tooth structure, although such 
an intimate relation has been recognized by research 
workers for several years. 
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INORGANIC SYNTHESES 


AT A MEETING of a group of inorganic chemists 
at the Chicago Convention of the American Chemical 
Society it was proposed that a series of volumes be 
published on ‘‘Inorganic Syntheses’’ somewhat similar 
to the ‘Organic Syntheses’ now published. Like 
them, each synthesis submitted will be checked by 
another chemist before publication. Each volume will 
be arranged in chapters on the basis of the periodic 
groups, with introductory chapters on special subjects. 
It is the intention to publish new and improved methods, 
and adequate descriptions of syntheses not hitherto 
satisfactorily described in the literature. 

Each synthesis will include precise directions with 
yields and purity of products, as indicated by analyses. 
The method of analysis in cases where it is unusual 
will be described. Drawings may be used to simplify 
and to decrease length of descriptions. Sources of raw 


material where starting material is not on open market 
will be given. 


We further expect that this will be an 


opportunity for original publication to supplement our 
crowded journals. The ‘‘Syntheses”’ will be abstracted 
in Chemical Abstracts. It is hoped that these volumes 
will aid in the development of inorganic chemistry. 

It is proposed to utilize any royalties to help defray 
the expenses of secretarial help needed for the project. 
In order to get this project under way the following 
have been selected as a Board of Editors: 


L. E. AUDRIETH W. C. JOHNSON 
W. C. FERNELIUS R. E. Kirk 
H. S. Booru, Editor-in-Chief, 
Western Reserve University, 
Cleveland, Ohio. 


The Board of Editors will welcome contributions and 
wish that contributions would be sent in as soon as 
possible as the assembly for the first volume is now 
under way. The Board would also appreciate sugges- 
tions and comments on the plan. 




















SAFETY in the CHEMICAL 


LABORATORY 


EDWIN C. BUXBAUM, B.A., A.R.P.S. 


1811 East Wood Place, Milwaukee, Wisconsin 


Care and safety are increasingly necessary in the modern 
chemistry. Modern chemistry requires new safety rules. 
The trained chemist presents an individual safety problem. 
Chemical accidents are avoidable. Fire and the com- 
monest causes are discussed. Fire extinguishers of 
various types and their uses. Chemical burns of different 
kinds. Goggles and their uses. Handling of poisonous 
materials. Gas cylinders and their hazards. Accidents 
from glassware. Accidents due to vacuum. Explosive 
reactions and accidents. Known dangerous reactants 
and chemical knowledge prevent accidents. 
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N THE days of the alchemists, the elements were 
few in number. Fire, air, earth, and water were 
the four basic constituents of all matter. Today, 

the chemist does not work with four but with more than 
twice forty. Innumerable combinations of these ele- 
ments form the hundreds of thousands of compounds 
known to the research chemist today. In the pursuit 
of knowledge of these multitudinous combinations of 
matter, the chemist has had to take infinite care. Not 
only care in his work for purity of his preparations, 
care in the theoretical building up of his syntheses, 
or care in the study of the thousands of mysterious 
reactions, but care in the safeguarding of his health 
and person. As the chemical sciences grew more com- 
plex, the need for safety in handling the materials of 
chemistry grew more necessitous. 

With the growth of the new chemistry came the 
safeguards for the new risks which were to be involved. 
Electrolytic chemistry with its electrical paraphernalia 
demanded new protection against electricity and heat. 
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WHEN BoILinc LIQUIDS OF 
AN INFLAMMABLE NATURE, 
It Is ALways BEsT To USE 
SoME ForM OF ELECTRICAL 
HEAT, THERMOSTATICALLY 
CONTROLLED IF NECESSARY 


In this experiment, the 
chemist is using a De Khotin- 
sky thermostat for tempera- 
ture control. The liquid 
bath may be water or oils of 
some kind depending upon 
the temperature which must 
be reached. 
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New compounds were found to be exceedingly poisonous 
and new antidotes had to be found. The chemistry 
of explosives emphasized the need for care. The 
World War with its gases and death-dealing fumes of 
all kinds gave an impetus to safety in chemistry and 
in the laboratory where all chemistry and chemical 
discovery has its conception. 

To impress a professional man such as a chemist 
with the fundamental ideas of safety necessary to his 
profession is somewhat of a harder task than that of 
instructing a laborer or worker in simpler lines of work. 
The professional man should of course be fully cog- 
nizant of any dangers that he may run. He should 
know the dangers of any work that he does and, usually, 
he does. It is human nature to treat with contempt 
and disregard, however, materials which are in them- 
selves exceedingly dangerous but which under ordinary 
conditions are handled safely without accident. It is 
exactly at the moment when such a state of mind is in 
possession of the chemist that the greatest number 
of accidents occur. The laborer can be warned that he 
will be discharged if he violates any safety rule, but 
the chemist who knows more about his chemical 
compounds than anyone else and treats them care- 
lessly must be reminded. 

Accidents in the chemical laboratory are as avoid- 
able as any other accidents are. The few times when 
accidents are due to wholly unforeseen causes which 
might be classified as ‘‘acts of God”’ are no more numer- 
ous than in any other profession. The accidents that 
occur in chemical laboratories are, almost without ex- 
ception, avoidable with care. The layman’s concep- 
tion of the laboratory as a place where mysterious solu- 
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AN EMERGENCY SHOWER 

SHOULD ALWays BE HANDY 

IN ANY LABORATORY WHERE 

SMALL-SCALE OPERATIONS 
ARE TRIED OUT 


Above the shower tothe left, 
note the lamp, which is never 
allowed to be out, and the form 
of the volume of water which 
is concentrated on the head 
of any person below it and 
covers the body thoroughly 
with a heavy volume of 
water. 
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GoccLes PLAy AN IMPORTANT PART IN THE CHEMICAL 
LABORATORY 


They must have lenses strong enough to resist flying shat- 
tered glass and must not permit acid solutions to enter. 
In addition, they must be comfortable. 


tions and mixtures automatically blow up, take fire, or 
explode is as erroneous as the old idea of the alchemists 
with their four elements. 

Nevertheless, many of the accidents in the laboratory 
are traceable to fire. Fire is always a problem for 
safety in the chemical laboratory and especially in the 
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SAFETY WooLeEN BLANKETS 

SHOULD BE INSTALLED IN ALL 

LABORATORIES WHERE THERE IS 
ANy DANGER OF FIRE 


If the chemist’s clothes take 
fire, the blanket should be pulled 
out with one yank which should 
unfold it at once. The blanket is 
protected from laboratory fumes 
with a Cellophane window. 
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organic chemical laboratory where many inflammable 
solvents are used. Heating inflammable liquids like 
benzol, naphtha, gasolene, ether, carbon disulfide, and 
many others should be done without the aid of a flame at 
all, if possible. If the temperature required is below a 
hundred degrees, a water bath or brine bath may be 
used. Such a bath can be heated electrically with a 
heating unit controlled by a thermostat of the 
De Khotinsky type. Ifthe temperature needed is higher, 
an oil bath with electrical control may be used. Glass 
flasks, even when made of pyrex, should never be 
heated in a direct flame. When agitating a solution 
of an inflammable liquid, great care should be taken 
to see that the agitation is not interrupted so that no 
overheating, with consequent boiling over, will result. 
Almost invariably, when a flask containing inflammable 
liquids is heated with a direct flame and the agitator 
stops for some reason, a fire will take place when 
agitation starts again due to overboiling of the super- 
heated liquid. With an electrically heated fluid bath, 
this danger is overcome. 

Sometimes, test-tubes containing inflammable liquids 
are carelessly heated and result in fires due to vapors 
boiling over the side of the tube. If it is necessary to 
heat liquids of this nature in such a manner, it should 
be done carefully over a small, cool flame. Never 
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heat inflammable liquids in open containers such as 
beakers. 

Every chemical laboratory should have certain 
safeguards against fire. Fires of a chemical nature are 
peculiarly difficult to extinguish sometimes. The 
solvent fire may be extinguished with a common acid- 
soda or Foamite extinguisher of sufficient size. Usu- 
ally, a small carbon tetrachloride extinguisher is used. 
While quite effective for small fires, these are some- 
times dangerous. Large laboratory fires should be 
extinguished by other means. It is well known that 
carbon tetrachloride forms poisonous fumes of phos- 
gene in small amounts when sprayed into a fire. While 
the gas is not formed in sufficient amount to cause 
death, it is certainly of an unpleasant and possibly 
dangerous nature. 

The best and simplest aid to small fires on chemical 
apparatus is the rag. A plain rag of any kind should 
be kept handy when heating any liquid which might 
take fire. The rag can be pushed down on the piece 
of apparatus to exclude air, which will put out any small 
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SMALL FrrRE EXTINGUISHERS OF 

THE CARBON TETRACHLORIDE 

Type SHOULD BE CONVENIENTLY 

PLACED IN THE CHEMICAL LABO- 
RATORY 


They should be regularly in- 
spected but should not be de- 
pended upon for large fires. Other 
extinguishers of the acid-soda 
or the Foamite type should be 
available. 
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fire instantaneously. In laboratories where small- 
scale plant experiments are being tried out, the regula- 
tion emergency shower should be within easy reach. 
Next to burns from fire, burns from alkalies, acids, 
and corrosive liquids, like phenol are most numerous. 
Acid and alkali burns require immediate flushing with 
water and medical attention. Burns from phenol 
must be washed off with alcohol immediately and then 
given expert attention. Other corrosive liquids require 
individual treatment for their immediate removal. 





THE Two Types oF GLoves Most CoMMONLY USED IN THE 
CHEMICAL LABORATORY 

Those on the left are of leather and are used for handling 

hot beakers, fusion pots, or any other piece of hot apparatus. 

Those on the right are of the rubber gauntlet type and are 
used for handling corrosive liquids as acid. 
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No acid burn should ever be 
neutralized in the college 
freshman manner with alka- 
lies, or vice versa for alkali 
burns. Water is the only 
first antidote. Other burns 
of more complicated nature, 
as those from bromine, re- 
quire medical attention at 
once. Self-medication should 
never be resorted to and all 
cases of chemical burns of 
any nature should be treated 
by competent physicians. 

Every laboratory should 
have a woolen blanket avail- 
able for fires in which the 
clothing of the chemist burns. 
These blankets should be so 
Correct Way to Fit a ‘0lded that one jerk from 

PIPET their receptacle will entirely 
unfold them. They should 
be pure wool and heavy 
enough and sufficiently large 
to wrap an adult. 

Goggles of various kinds 
are a prime necessity for the 
chemist in his experiments. They protect his eyes from 
acids, alkalies, poisons, and shattering glass apparatus. 
No experiment that involves any hazard of explosion 
or fire should be performed without goggles. The 
structure of goggles for the chemical worker should be 
such that the glass will withstand shattered glassware 
and the goggles should fit the face snugly. If there 
are any holes on the sides, they should be very small 
so that they would stop any small drops of acid from 
entering. The goggles should be well built and com- 
fortable so that they may be worn for reasonably long 
periods without discomfort. 

Assistants and helpers who wash dishes with acids 
as cleansing agents should always wear goggles and 
gloves. If acids are handled, rubber gloves of the 
gauntlet type of heavy rubber should be worn. They 
should not be patched when they develop holes but 
should be discarded immediately. For handling hot 
beakers, oil baths, and flasks, leather gloves, which 
are non-conducting of heat, should be employed and 
not rubber gloves of any kind. 
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Acips, ALKALIES, AND ALL Cor- 

ROSIVE LiguIpDS SHOULD BE EN- 

CLOSED IN BOTTLES WHICH ARE 

PROTECTED BY METAL CYLINDERS 
IN CASE OF BREAKAGE 














Never use the mouth to 
suck up corrosive or dan- 
gerous liquids. This can be 
very easily done with a vac- 
uum line and a piece of 
rubber tubing. 


The liquids are blown over by 
air pressure which is regulated by 
a pop valve to a maximum pres- 
sure of two pounds. 
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Next to fires, accidents from poisonous materials, 
fumes, and gases, and accidents from mishandling 
corrosive chemicals are most numerous. Whenever 
a poisonous gas is generated, it should be absorbed in a 
container or trap of some kind containing a neutralizing 
chemical. If this is not possible, it should be drawn off 
with vacuum under a hood. Sometimes, a vacuum 
may be used to draw off poisonous fumes by inserting 
the end of a rubber tube in the outlet of the apparatus. 

A common cause of mouth burns is the use of the 
mouth to fill a pipet. In handling any dangerous 











CYLINDERS OF GASES, AS AMMONIA, HYDROGEN, AND CHLO- 
RINE, SHOULD BE TRANSPORTED ON A SPECIAL TRUCK 


They are thus kept in an upright position and can be 
clamped on the truck. 


liquid, it is best to apply vacuum to fill the pipet with 
the aid of a piece of rubber tubing connected to a 
vacuum line. 

Cylinders of gases like chlorine and ammonia should 
be transported on small carts especially built for 
them in which the cylinder is securely contained. If 
this is impracticable, small cylinders, about a foot 
high, of the gas used may be obtained. They are 
easier to handle and can be placed upon a small balance 
to determine the amount used during a reaction. If 
extremely poisonous gases such as phosgene are used, a 
special hut with ventilation outside should be built 
adjacent to the laboratory. All experiments with the 
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poisonous gas can be performed in this hut. Before 
entering, the door should be left open for two minutes 
to allow any traces of residual gas to escape. 

In the handling of glassware, only that glassware 
should be used which is strong and resistant to heat 
and sudden cold. Such a glass is pyrex which is used 
almost universally in the laboratory today. Soft 
glass for tubing and rods should be handled with 
sharp triangular files. All cutting should be done with 
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CorREcT Way TO Hop A BEAKER 


Both hands under the rim of 
the beaker prevent undue strain 
and breaking. Many cuts are 
avoided in the laboratory by 
proper use of glass apparatus. 
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the aid of a towel or rag to protect the hand. Es- 
pecially is this necessary when putting a piece of glass 
tubing through a stopper, either cork or rubber. Many 
chemists suffer painful cuts through neglect of this 
rule about which every college freshman knows. 

It is especially important from the safety point of 
view for the chemist to protect himself from the acci- 
dents due to vacuums. Vacuum distillation is a com- 
mon chemical process in which quite a few accidents 
occur due to collapse of the glassware in which the 
experiment is performed. In conducting experiments 
which demand vacuum, care should be taken to see 
that vacuum flasks of sufficient thickness are used. 
Flat-bottomed flasks should never be used and care 
should be taken to avoid possible obstruction of the 
distillation condenser. In collapse of glass flasks, glass 
is widely scattered and strong goggles should be worn. 
Desiccators also frequently collapse under vacuum 
and should be guarded with wooden boxes with an 
outlet for the stopcock. 

In operations requiring pulverizing, protection should 
be obtained in the form of an aspirator mask. Poison- 
ous powders and chemicals, as potassium cyanides, 
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alkaloids, hypnotics, and unstable compounds, should 
be handled by the chemist and not by any assistants. 
By the use of the above precautions against fire, cuts, 
and poisons, the chemist can avoid most of the common 
accidents of the laboratory. In the case of experi- 
ments involving reactions in which the outcome is 
possibly dangerous, proper precautions should be 
taken. If the probable outcome is thought to be of a 
violent nature, it is always a wise step to determine 
in a test-tube, with an infinitesimal amount, just how 
the reaction will proceed. If a tiny amount is first 
tried out, no dangerous results are obtained. If the 
first small amount causes no danger, a slightly larger 
amount can be used to see at what point it becomes 
dangerous. A few trials of this kind are necessary to 
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WHEN SEVERING GLAss TuB- 

ING, Ir Is ALways BEST TO 

PROTECT THE HANDS WITH A 
Prece oF CLOTH 
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determine the violence of any reaction and can be 
quickly performed. 

In other work of the chemist, there are always certain 
combinations of chemical and physical forces which 
are dangerous. Thus, the use of oxygen under high 
pressure, and heat through apparatus containing oil 
may result in violent explosions. All laboratory pres- 
sure vessels, as autoclaves, should have safety valves 
or disks with the outlet pointed in such a direction that 
no accidents may befall. Common sense and chemical 
knowledge will enable the chemist to avoid many 
accidents which only he may foresee. In spite of all 
the countless possibilities of reactions of all kinds among 
the infinite forms of matter, the chemist can work in 
comparative safety if he will observe the dictates of 
common sense and apply his chemical knowledge to the 
problems of safety on hand. 





“THINGS FOUND in nature, when given proper help accord- 
ing to their kind, will result in things easy to improve. Fish eyes 
cannot replace pearls, and tall weeds cannot be used for timber. 
Things of similar nature go together; queer things cannot be 
realized. This explains why the swallow does not give birth to 
peacocks and the fox and the rabbit do not mother horses. This 
explains also why flowing water does not heat up what is above it 
and why moving fire does not wet what is under it. 

“The bark of the Nieh tree dyes yellow and the Lan (indigo) 
dyes blue; the boiling of hides yields glue; and the Ch’u Nieh 


(yeast) ferments to give liquor. It is easy to get results when the 
starting materials and the desired products are of the same kind. 
Otherwise, it is very difficult. 

“The aspirant should study this thoughtfully and thoroughly, 
viewing it from all angles. (At last, revelation will come to 
bring him enlightenment.) Careful study will open the door to the 
secrets. Nature’s Tao (way) shows no partiality, but reveals to 
all who are worthy.” 

From Dr. Lu-Chiang Wu’s translation of the works of the 
Chinese Alchemist, Wet Po Yang 














FIGURE 1.—CopPpER PLATE FROM A PEACE MEMORIAL OF AUGSBURG 
First published in 1650. 


CHRIST as APOTHECARY of the SOUL’ 


CHARLES H. LAWALL 


Philadelphia College of Pharmacy and Science, Philadelphia, Pennsylvania 


T IS NOT generally known by pharmacists in 
i America that their calling has been idealized to 

such an extent as to be utilized in paintings or 
other forms of pictorial art in which the Savior is rep- 
resented as a dispensing pharmacist, dispensing not 
material drugs but remedies for the healing of sick 
souls. The title “‘Seelen-A potheker’ or ‘‘Apothecary 
of the Soul’’ is frequently used as a title for paintings 
dealing with this motif. This theme began to occupy 
the attention of artists some time during the late six- 
teenth or early seventeenth centuries and continued 


* The illustrations accompanying this article have been taken 
from the ‘“‘J/lustrierter Apotheker Kalender’ of Berlin, and full 
permission has been granted the author to use them in this man- 
ner. 
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well into the eighteenth century. It was especially 
prevalent in Germany where the largest number of 
these paintings is to be found. The total number of 
oil paintings in which this motif has been utilized is 
more than two-score. Besides the paintings the theme 
has been employed in a pen sketch, a tapestry, a stained 
glass window, a copper-plate engraving, and a woodcut. 
The majority of these pictures are in museums or art 
galleries; some of them are in churches or chapels; 
others are in cloisters; a few are hanging in phar- 
macies; several are in private collections. 

It was not until the close of the nineteenth century 
that the subject began to attract attention in the litera- 
ture of pharmacy, when the earliest of these paintings 
to be discovered and discussed was found in a church 
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FicurE 2.—O1m PAINTING IN THE EVANGELICAL REFORMED 
CHURCH OF WERDER ON THE HAVEL 
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in Germany (see Figure 2). This painting was rescued 
from oblivion in the last decade of the nineteenth 
century by M. W. L. Schreiber of Potsdam, who found 
it in a neglected condition, and had it cleaned, restored, 
and photographed. 

One of these paintings, formerly in the collection of 
Jo Mayer of Wiesbaden, Germany, is now owned by 
E. R. Squibb & Sons, who have acquired one of the 
world’s greatest collections of pharmaceutical an- 
tiques, a large number of which, including this painting, 
were exhibited at the World’s Century of Progress 
Exposition in Chicago in connection with the profes- 
sional exhibit of this renowned firm. 

The photograph of this particular painting is shown 
in Figure 7. The treatment of the subject is typical 
of the school of painters of Southern Bavaria in that 
the right hand of Christ is raised above the shoulder, 
while the left hand holds the dispensing balance, under- 
neath which is the word, Gerechtigkeit (justice). Stand- 
ing on the table immediately before the figure of Christ 
is a chalice above which floats a luminous sphere 
symbolizing the ‘“‘Host.’”” The chalice bears the word, 
Glaube (faith). On the table or counter, at the right, 
is seen a blossoming branch, with the designation, 
Tag und Nacht (day and night). In the left lower center 
is a root above which is the designation, Kreuz- 
wurzel (cross-root). Scattered about the table 











FicuRE 3.—Om PAINTING IN THE CLOISTER AND SCHOOL INSTITUTE 


or GNADENTHAL, NEAR INGOLSTADT, BAVARIA 





are typical dispensing jars, each labeled with 
some particular virtue or attribute of Christi- 
anity. On the wall back of the figure of Christ, 
both at the right and at the left and also on 
the front of the counter, are quotations from 
Christ’s sayings: 


‘Call upon me in time of need and I will hear thee.” 
“Seek and ye shall find, knock and it shall be 
opened unto you.” 


“Come unto me all ye that are weary and heavy 
laden and I will give thee rest.” 


In Figure 3 we find a photograph of another 
oil painting of the same school of artists. This 
painting, which is framed in rococo style, is 
attributed to the late seventeenth century and 
is now in the cloister and school institute 
at Gnadenthal near Ingoldstadt in Bavaria, 
Germany. The labels and mottoes in this 
picture are practically illegible. 

A third example in the same style of treat- 
ment is shown in Figure 5, which is a photo- 
graph of a pen sketch of the subject, exhibited 
in the Swiss National Museum at Ziirich, 
Switzerland. 

The blurred script makes the labels and 
quotations on this illustration difficult to de- 
cipher. 

In Figure 2 we find a photograph of an oil 
painting of the subject or theme in a distinctly 
different style—that of the Nuremberg-Baden 
school of artists. Here the figure of the Savior 
is shown with the balance in the left hand, but 
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with the right hand in the act of withdrawing a por- 
tion of drug from one of the drug containers on the 
counter, in this case the one labeled, Kreuzminiz 
(cross-mint). The containers on the counter bear the 
labels, Gedult (patience), Hoffnung (hope), Liebe (love), 
Bestendigkeit (steadfastness), Hilfe (help), and Friede 
(peace); the one on the extreme right is Gnade (grace), 
while the very small container in the front, probably 
the most precious drug of all, Glaube (faith). 

The three scriptural passages in the painting are 
in the German of Luther’s translation of the Bible, 
which, rendered in the English of the King James ver- 
sion, read as follows: 

‘‘Ho, every one that thirsteth, come ye to the waters, and he 
that hath no money, come ye, buy and eat; yea, come buy 
wine and milk without money and without price.” 

“Seek ye the Lord while he may be found, call ye upon him 
while he is near.” 

“Call upon me in the day of trouble; I will deliver thee and 
thou shalt glorify me.” 

The foregoing are from the Old Testament, while the 
following passages from the New Testament are in- 
scribed on the block which lies on the table: 

“Come unto me all ye that labour and are heavy laden and 
I will give you rest.” 

“Ye shall find rest unto your souls.” 

“They that be whole need not a physician, but they that are 
sick.” 

“TI am not come to call the righteous but sinners to repent- 
ace.” 

Another work of art in this style is repro- 
duced in Figure 8, which is a photograph of a 
tapestry formerly in the castle chapel in Thu- 
ringen. In this illustration the labels and mot- 
toes are practically illegible. The present 
whereabouts of this tapestry is unknown. 

In Figure 6 will be seen still another example 
in the style of this same school of artists, 
this time in the form of a painted (stained) 
glass window, with lead-fastened segments. 
The border is in red’and blue colors. In 
the upper left of the picture is found the coat 
of arms of the donor with an appropriate in- 
scription and the date 1630. The original win- 
dow is to be found on exhibition in the Swiss 
National Museum in Ziirich, Switzerland. 

The labels and inscriptions are fairly legible 
in this illustration, if one makes allowance for 
some of the archaic spelling of the seventeenth 
century German in which they are couched. 

In Figure 4 is shown a photograph of an oil 
painting in which the same motif is treated 
in an entirely different style. Here the whole 
figure of Christ is shown, seated on the dis- 
pensing counter of a pharmacy whose well-filled 
shelves and rows of drawers are seen in the 
background. Angels are dimly seen in the 
upper center and lower right of the picture. 
This painting is now in the White Cross 
Pharmacy at Biberach, Germany. The artist 
was J. Zeller of the early eighteenth century. 








FicurE 4.—OIL PAINTING IN THE WHITE CROSS PHARMACY 


Typical example of the South Wurtemburg-Baden School. 


AT BIBERACH, GERMANY 
Artist, J. Zeller, early eighteenth century. 








FiGuRE 5.—PEN DRAWING IN THE Swiss NATION 


AL MUSEUM, 


ZURICH 
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FicurE 6.—GLAss PAINTING (STAINED GLass WINDOW) 
IN THE Swiss NATIONAL MUSEUM IN ZURICH 


The general effect is produced by red and blue glass, the 
pieces being fastened together with lead strips. On the left 
is the coat of arms of the donor, with an appropriate inscrip- 
tion and the date 1630. 


In Figure 1 is shown a photograph of a copper-plate 
engraving exemplifying a still different conception of 
the theme. A complete pharmacy is shown in the 
center; the figure of Christ, full length, is shown at the 
left, the dispensing balance being held by a female figure 
symbolizing justice, on the extreme right; while the 
foreground is occupied by the suffering ones who are 
imploring aid. 

This copper plate was made for a peace memorial of 
Augsburg, Germany, published in 1662 as a reproduc- 
tion of a page from a folio of illustrations issued in 
1650 in commemoration of the freedom of West- 
phalia. 

The foregoing examples cover a few of the types and 
styles in which this motif is found. There are a number 
of others which cannot be reproduced here for lack of 
space. One of these in particular, which is in the form 
of a woodcut from an album published in 1662 shows 
Christ seated at a table, his bare feet showing under- 
neath. His left hand holds the dispensing balance 
while his right hand holds a spoon which he is dipping 
into a large container, the label upon which is illegible. 

In a painting by Marie Apelli entitled ““Der Wohl- 
bestellter Seelen-A potheker,”’ executed in 1731 and now 
found in the Germanic Museum in Nuremberg, Christ 
is seen seated back of a conventional dispensing 
counter, which is covered with large uniform-sized 
square jars with narrow mouths. In his left hand he 
holds the scales while over his right shoulder, the staff 
held in his right hand, is a banner, bearing an inscrip- 
tion which is no longer legible. Light is shown stream- 
ing in from a large window at the left. There is a 
duplicate of this painting in the castle chapel of Witt- 
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genstein in Laasphe, Westphalia. In another oil 
painting now in the cloister pharmacy in Frauen- 
chiemsee, Germany, the balance is absent. Christ, 
in this picture, has both hands on the chalice, above 
which is the Host with a crucifix outlined upon it; 
a mortar and pestle are shown on the counter behind 
which Christ stands. In a seventeenth century paint- 
ing now in the Historical Museum in Salzburg, Ger- 
many, we have another variation of one of the treat- 
ments of the theme. There is a very vivid halo sur- 
rounding the head of Christ, who has a large sparkling 
jewel in his bosom. His left hand holds the balance 
while his right hand rests on the counter before him, 
upon which are strewn a number of empty, shallow, 
unlabeled containers. 

A seventeenth century oil painting in the possession 
of Pharmacist Fuhr of Gmiind, Schwabia, shows a very 
simple treatment of the subject, with the figure of 
Christ occupying almost the whole of the picture and 
differing from most of those previously described in that 
the balance is held in the right hand. 

A painting dating from the middle of the eighteenth 
century, which hangs in the Germanic Museum in 
Nuremberg, shows a different and more complicated 
treatment of the subject than any that have been thus 
far described. The figure of Christ is standing behind a 
counter in a fully furnished pharmacy, holding a large- 








FIGURE 7.—CHRISTUS ALS APOTHEKER (CHRIST AS A 
PHARMACIST) 


An oil painting of “‘Christ as Apothecary of the Soul,” from 
the pharmaceutical antiquities collection of E. R. Squibb & 
Sons, recently brought from Germany and shown at A Cen- 
tury of Progress Exposition at Chicago. 
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sized pharmacy jar in both hands. 
The label on the jar is blurred and 
illegible as are also the labels on the 
rows of similar jars on the shelves 
back of the figure. Two diminutive 
angels are standing by the Savior, 
one on each side. Two suffering pa- 
tients are reclining on the floor of the 
shop in front of the counter, while 
at the top of the picture, surrounded 
by clouds, are angels, cherubs, and 
a dove. 

A well-executed painting dated 
1647 hangs in the University library 
at Wiirzburg, Germany. In the 
treatment of the subject this paint- 
ing belongs to the group of which 
Figure 2 is an example, except that 
pillars are shown in the background. 

The final example in the series of 
which we have been collecting data 
is a seventeenth century painting 
in the possession of Apotheker Ram- 
pacher of Stuttgart, Germany. This 
also belongs to the same group as 
Figure 2. 

A very elaborate copper plate ex- 
ploiting this theme is in the posses- 
sion of F. X. Doorn of Augsburg. 
It was engraved in 1747 by Simon 
Taddaus after an engraving by Jo- 
hann Wolfgang Baumgartner. The 
figure of Christ is back of the dis- 
pensing counter. A patient accom- 
panied by an angel stands before the 
counter. A mortar and pestle are on 
a large pedestal in the foreground. 
Four small illustrations are in the 
corners, each surrounded by a rib- 
bon-like banner bearing a quotation 
from the Bible. 

In the entire series of these paintings as cataloged and 
studied, it is interesting to find a great variety of 
treatment when it comes to the consideration of details. 
In some few of the paintings the containers bear the 
names of herbs or plants which possess some religious 
association or significance, such as cross-root, cross- 
mint, St. Benedict’s root, St. John’s wort, etc., while 
for the most part the jars and bottles bear labels of 
such Christian qualities and attributes as patience, 
love, hope, steadfastness, help, peace, grace, faith, 
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FIGURE 8.—TAPESTRY PICTURE OF THE LATE RENAISSANCE 


The work of a follower of Seger Bombeck (about 1600). 
of the Castle of Schwarzburg in Thuringen; present whereabouts unknown. 


Formerly in the Chapel 


justice, prudence, truth, consolation, life, humility, 
goodness, temperance, chastity, and providence. 

The painting in the Squibb ¢ollection is of fairly large 
size (about 20 by 40 inches). It will doubtless attract 
attention from artists, who will be interested in seeing 
one of the original examples of a painting utilizing this 
unusual motif, and from pharmacists and physicians 
because of the idealization of the professional side of 
pharmacy, the dispensing by the pharmacist of the 
prescription written by the physician. 
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IIT. The Thermal and Hydrolytic Stability and Instability of the Carbon-to-Carbon Bondt 


The authors discuss briefly the functions and criteria 
of merit of scientific models in general. In the light of 
this prefatory statement the graphic aids to exposition 
employed by the writers are described as constituting a 
simple and convenient system of notation for indicating 
energy relationships. The mechanism, validity, and limi- 
tations of the method adopted for the determination of 
relative electronegativities of organic radicals are discussed. 
The breadth of applicability of the authors’ system of 
notation is noted, but certain natural limitations are 
pointed out. The method of applying the system to the 
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THE SCIENTIFIC MODEL, ITS FUNCTIONS AND CRITERIA 
OF MERIT 


T SEEMS to the writers desirable, even at the 

expense of some repetition, to preface the third 

article of this series with a few further remarks on 
scientific models, their functions and criteria of merit. 
Briefly, the model is a tool whereby we hope to attain 
one of the primary ends of science—generalization. 
By its use we hope to correlate apparently isolated 
phenomena, to classify and order facts in such a manner 
that they take on a discernible pattern. Secondary and 
perhaps more utilitarian potentialities of the model 
lie in its mnemonic and predictive aspects. It is easier 
to remember associated than isolated facts; also it is 
often possible to deduce forgotten or totally unknown 
facts from remembered generalizations. 

The criteria of merit in a model are, therefore, as 
Langmuir (1) has stated them—generality and con- 
venience, the latter of which implies also simplicity. 
Superficially it might appear that generality and 
simplicity are fundamentally incompatible—that, as a 
model is adapted to cover an ever-widening range of 
subject matter, it must necessarily become more 
complicated in the process. In refutation of this idea, 
however, let us consider the snowflake. Its crystallog- 
raphy is hexagonal. To specify a particular snowflake 
it is necessary to add numerous details not obviously 
inferable from our original statement, but the most 





* Parts I and II of this series (Kh. and R.) appeared in J. 
Cuem. Epuc., 5, 404-18 (Apr., 1928) and 8, 1703-48 (Sept., 
1931), respectively. 

t Contribution from the George Herbert Jones Laboratory of 
The University of Chicago. 

** Present location, E. I. du Pont de Nemours & Co., Wil- 
mington, Delaware. 


M. S. KHARASCH, OTTO REINMUTH, anp F. R. MAYO** 
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formulation of chemical generalizations is outlined. 

After an introductory general discussion of factors in- 
fluencing the thermal and hydrolytic stabilities of 
interatomic bonds, the application of the system to the 
specific problem of elucidating the behavior of carbon-to- 
carboxyl bonds is demonstrated. Data relating to the 
discussion have been tabulated. 

A further application of the system is illustrated through 
@ summarization of the results of a study on hydrolytic 
scission of highly polar carbon-to-carbon bonds in methane 
derivatives recently completed in this laboratory. 


general diagram of a snowflake nevertheless remains the 
simplest possible—a hexagon. 

The scientific model may achieve generality by the 
mere avoidance of specialized detail. If the model is 
fundamentally sound various details or refinements 
may be added when specialized tasks are to be under- 
taken. In the meantime, while the simpler applica- 
tions to strictly chemical phenomena are being made, 
it is an advantage to dispense with superfluous en- 
cumbrances. 


THE AUTHORS’ SYSTEM OF NOTATION 


In accordance with these ideas the scientific model 
becomes, not so much a portrait or even a blueprint, 
as a graphic statement of specifications—in effect, a 
system of notation. It is by the latter phrase that the 
writers prefer to designate their own graphic aids to 
exposition. In this system of notation we adopt the 
simple and convenient convention of indicating that a 
given radical is strongly electronegative (¢. e., that it 
holds or attracts electrons strongly) by placing the two 
dots representing the bonding electron pair close to 
the radical symbol. Conversely, weak electronegativity 
is indicated by placing the two dots at a greater dis- 
tance from the radical symbol. The convention is 
essentially, we believe, a qualitative energy graph. 
In most connections it appears to us entirely immaterial 
from a chemical standpoint whether or not the energy 
relationships thus indicated are held to have spatial 
corollaries.| At present the simple and general 





ft In some instances, however, the spatial aspect of the nota- 
tion is of primary importance. This is true as regards the: 
directed addition of halogen acids to unsymmetrical ethylene. 
derivatives, discussed in the second article of this series. See 
particularly pp. 1719 ff. 
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representation thus described appears to the writers 
adequate to deal with strictly chemical phenomena. 


THE DETERMINATION OF RELATIVE ELECTRO- 
NEGATIVITIES 


It is evident that the system of notation adopted 
by the authors has its raison d’étre in the assumptions 
that organic radicals differ among themselves in electro- 
negativity and that the relative electronegativities of 
many organic radicals can be definitely determined. 
The difficulty in selecting a satisfactory method for 
determining relative electronegativities lies in the fact 
that such a method must submit to three tests, none 
of which it is altogether easy to meet. The method 
must: (1) involve a technic capable of a high degree 
of quantitative precision and yielding closely repro- 
ducible results, (2) be applicable to a wide range of 
radicals, and (3) be thoroughly self-consistent. 

There is room for some difference of opinion as to 
what constitutes a priori theoretical soundness in such 
a method. Some theorists would be inclined to dis- 
regard all experiments which cannot serve as the basis 
for calculation of free energy changes. Fortunately, 
however, this is an unnecessarily rigorous attitude. 
While it is eminently safe and respectable in that it 
never permits one to make any mistakes, it is also 
eminently sterile in that it seldom permits one to do 
anything at all with organic compounds. 

There is a natural and proper distrust of conclusions 
concerning bond stabilities drawn from relative re- 
action rates because of the numerous other factors 
which can expedite or retard reactions. However, 
it is carrying skepticism and caution to unwarranted 
extremes to condemn a technic solely for the reason 
that it involves a comparison of reaction rates. After 
all, the highly respected equilibrium is nothing more 
or less than a balance of rates. 

Nevertheless, it seems entirely reasonable, as has 
recently been intimated by Adkins (2), that the burden 
of argument should lie upon the proponent of such a 
method. Adkins points out that the reaction employed 
by one of us (4) for the determination of relative 
electronegativities of organic radicals may be inter- 
preted as affording an opportunity for competition 
in rates between two reactions: 


RHgCl + R’H 
RHgR’ + HCI 
R’HgCl + RH 


The method in question was originally considered 
upon the ground that when there is a possibility of 
splitting a molecule at one of two bonds the split will 
actually occur at the weaker bond. As applied to 
this particular reaction the assumption is, more specifi- 
cally, that purely hydrolytic scission must take place 
at the more polar of the two organomercuric bonds 
(z. e., at the bond shared by the more electronegative 
organic radical). As regards the great majority of the 
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organomercuric molecules so far studied this simple 
and logical assumption is sufficient to cover the case, 
for whenever (as our notation would express it) the 
radicals R and R’ differ markedly in electronegativity 
a practically quantitative yield of a single organo- 
mercuric halide is obtained. So far, the whole idea is 
merely one of numerous specific applications of a well- 
established principle of general chemistry. It is 
entirely analogous to the general rule that the hydrox- 
ides of the alkali metals are bases, whereas the hy- 
droxides of the halogens are acids, and the hydroxides 
of elements or groups of intermediate character are, in 
general, weakly ionized and amphoteric. A concept 
identical with that of amphoterism accounts for the 
relatively few cases in which the organomercuric 
molecules yield two sets of products, for this happens 
only in the cases of molecules which are described in 
our terminology by saying that the radicals R and R’ 
differ but very slightly in electronegativity. 

Confidence in the reliability of the method and in the 
correctness of the reasoning underlying it has naturally 
been reénforced by the complete self-consistency of 
the results obtained by its use. In every one of the 
numerous tests made it has been found that a given 
radical is indicated by this method to be less electro- 
negative than amy radical above it in the table and more 
electronegative than any radical below it in the table. 
If any factor other than the one which we have chosen 
to call electronegativity were able to influence the 
course of the definitive reaction, the probability of at 
least a few inconsistencies would be very high. 

Furthermore, if extraneous factors were capable of 
determining the course of this reaction one could 
confidently anticipate that inconsistencies would arise 
when variations are made in: (1) the temperature 
at which the reaction is carried out; (2) the solvent 
employed; (3) the concentration of the reaction 
mixture; (4) the relative solubilities of the possible 
reaction products; (5) the purely hydrolytic agent 
used to accomplish the reaction; (6) the atom con- 
necting the two organic radicals tested. The effects 
of variations in temperature, concentration, solvent, 
and hydrolytic agent have been investigated by one 
of us and Pines (3) and, within the range of their re- 
search, no change in the order of the organic radicals 
has been found. It has previously been pointed out 
(4c) that the relative solubilities of the respective 
organomercuric chlorides do not determine the course 
of the reaction. For example, phenylmercuric chloride 
is considerably less soluble than methylmercuric 
chloride, yet the products: of decomposition are ex- 
clusively PhH and MeHgCl. The work of Kipping 
(5) and unpublished work by one of us and Sher (6) 
show that the same order of electronegativity is indi- 
cated by the purely hydrolytic splitting of tin com- 
pounds as is indicated by mercury compounds. 

However, impressive as such “‘proof-of-the-pudding”’ 
considerations may be, let us not entirely beg the 
question of relative reaction rates. If one insists 
upon viewing the operation from that standpoint, is 





| 
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there any good reason to suppose that the relative 
rates actually are determined by the relative electro- 
negativities of the radicals concerned and nothing else? 

We can discuss this point most intelligibly in con- 
nection with an exposition of the probable reaction 
mechanism. We believe that in ether and similar 
solvents the organomercuric molecules are weakly 
ionized and that the ionization equilibrium may be 
represented as follows: 


RHgt+ + R’- == RHgR’ == HgR’*+ + R- 


Employing our own terminology we would say that 
when R is considerably more electronegative than R’, 
the concentrations of RHgt+ and R’~ ions are so 
minute as to be negligible. This is in accord with the 
fact that a practically quantitative yield of a single 
set of reaction products is obtained upon the addition 
of HCl to such compounds. It nevertheless accounts 
also for the slow disproportionation of unsymmetrical 
organomercuric compounds on standing: 


2R’HgR == R’/HgR’ + RHgR 


Consistent with this view (though not critically de- 
cisive) is the high speed of the detective reaction when 
the radicals R and R’ differ markedly in electronega- 
tivity. 

When the two radicals differ but slightly in electro- 
negativity an appreciable double ionization equilib- 
rium is to be expected, but the equilibrium lies defi- 
nitely toward the right if R is the more electronegative 
of the two radicals. When HCl is added to the solution 
the resultant reactions may be indicated as follows: 

RHg*t + R’~ == RHgR’ == HgR’* + R- 
+ + + 


a. 
Ci~ nt © ag 5 Ga 


| 


R’'HgCl RH 


RHgCl R’H 
(unionized) 


(unionized) 

Assuming that our picture of the original ionization 
equilibrium is entirely in accord with accepted chemical 
principles, let us pause to ask what determines the 
state of that equilibrium. Obviously the greater 
concentrations of HgR’+ and R- ions in solution, 
as compared to RHg* and R’~ ions, must be attributed 
to the fact that in unit time more RHgR’ molecules 
dissociate in the sense RHgR’ —> HgR’t+ + R- 
than in the sense RHgR’ —> RHg+ + R’-. What 
is more logical than to connect this difference in 
“ionization rates’ with differences in the electronega- 
tivity of the radicals concerned? 

The addition of HCI simply results in the formation of 
two practically unionized products—the hydrocarbons. 
There is no reason to suppose that the “ionization 
rates’ responsible for the original equilibrium are at 
all altered (relative to each other) by this process. 

At first glance one might say that, since the HgR’t 
ion increases in concentration relatively faster than the 
HgR* ion, it should exert a back pressure (in the Le 
Chatelier sense) upon the right-hand ionization. It 
could do so, however, only by recombining with R- 
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ions. This is impossible because the R™~ ions are 
instantaneously removed upon formation by the rela- 
tively numerous and highly mobile H* ions. 

The authors hope that the reader has found the 
foregoing discussion at least moderately entertaining 
and edifying. It is, after all, completely non-essential. 
One may dispose of the whole matter by saying that 
if we are not actually determining relative electro- 
negativities by this method we are determining some 
factor of such wide applicability and therefore of such 
fundamental significance that we cannot afford to 
ignore it. The worst that can happen is that we 
should have to invent a new name for it and a new 
notation to accord with the name. 

Unfortunately, the method described is not applicable 
to all organic radicals. In the second article of this 
series (p. 1714) and elsewhere (4c) the vital importance 
of employing a detector, such as HCl, which does not 
attack the organomercuric molecule prior to cleavage 
has been emphasized. The type of reaction which 
must be excluded as a possibility has been illustrated as 
follows (4c): 


R’HgCH2R + Ch -—> R’HgCHCIR + HCl 
R’HgCHCIR + HCl —> R’HgCl + CICH:R 


It is obvious that an analogous disturbance is possible, 
even with HCl, if the attempt is made to apply the 
method to unsaturated radicals. Jn at least some 
such cases there is the possibility of instantaneous addition 
of the acid proton at the extra electron pair, with conse- 
quent electronic shifts within the molecule and anomalous 
cleavage.* 





* Austin (7) has reported that when triphenyllead allyl is 
treated with a halogen acid, the allyl group is eliminated, yield- 
ing the triphenyllead halide almost quantitatively. He at- 
tributed the course of the reaction to the great reactivity of the 
triad system but did not stress this point very strongly. It 
should be noted, however, that this interpretation is hardly 
tenable, since triphenyllead benzyl, which contains the same 
triad system, does not eliminate the benzyl group under similar 
conditions but splits off a phenyl group instead. 

The implication that the allyl radical is more electronegative 
than the phenyl radical is inconsistent with other chemical data, 
e. g., the relative stabilities toward hydrolysis of allyl chloride 
and chlorobenzene. Therefore a study of the splitting of com- 
pounds of this type, as exemplified by phenylmercuric allyl, 
was undertaken in this laboratory by one of us (Kh) and 
S. Swartz (8) and will be reported ina future paper. It was found 
that when phenylmercuric allyl is split by means of HCl, fifty 
per cent. of the mercury is recoverable in the form of phenyl- 
mercuric chloride. The addition of potassium iodide to the 
filtrate to convert any allylmercuric chloride present to the less 
soluble iodide led only to the recovery of the remaining fifty 
per cent. of mercury as mercuric iodide. It was shown that 
allylmercuric chloride is readily decomposed by HCI into pro- 
pylene and mercuric chloride; hence the mercury recovered as 
iodide may be regarded as derived from allylmercuric chloride. 

If the splitting of phenylmercuric allyl takes place exclusively 
in the normal manner we must reach the astonishing conclusion 
that we have here two radicals of equal electronegativity—a 
conclusion which is not only inconsistent with Austin’s results, 
but which accords no better with other chemical data. How- 
ever, a consideration of the probable mechanism of the reaction 
points the way to a more plausible interpretation. 

On the basis of the principles outlined in the second article of 
this series the extra electron pair of the allyl group should be 
associated with the gamma carbon atom. It is undoubtedly 
a ready proton acceptor. In the presence of HCl it seems in- 
evitable that a hydrogen ion should by this means become at- 
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There are also, of course, radicals which are in- 
susceptible of investigation by this method by reason 
of the impossibility of linking them with mercury in 
compounds of the R’HgR type. 

Although not universal, the applicability of the 
method is wide. It is to be hoped that, with its aid, 
supplementary and mutually consistent methods may 
be developed. Now that the uncertainty inherent in 
the directed addition of halogen acids to slightly 
unsymmetrical ethylene derivatives by reason of the 
peroxide effect has been cleared up by two of us and 
McNab (9), it would seem that one reliable supple- 
mentary method of determining relative electronega- 
tivities of organic radicals has already been established. 

Pending further extension of our table of relative 
electronegativities (see second article of this series) 
it is possible to make cautious use of certain tentative 
rules and deductions which will be discussed more 
fully at a later point in this exposition. 


APPLICABILITY OF THE AUTHORS’ NOTATION AND TABLE 
OF ELECTRONEGATIVITIES 


The difficulty in selecting a suitable method of de- 
termining relative electronegativities might seem to 
suggest that a table of relative electronegativities once 
obtained could have only a very limited applicability, 
but this is not necessarily true. A little reflection will 
show that a standard, once accurately established, 
may be profitably applied qualitatively to a wide 
range of phenomena or reactions which for one reason 
or another could not lend themselves to an accurate 
establishment of the standard in the first place. 

To say this is not to claim universal applicability for 


tached to the gamma allyl carbon atom, giving rise to the un- 
stable ion or charged complex, 


HHH ne 
fo:nesc:c:en 
H GH k 


which, with the characteristic instability of organic ions, im- 
mediately dissociates into @:Hg* and neutral propylene. (Inci- 
dentally it should be noted that the formation of propylene in 
this manner implies a shift of the double bond—an implication 
which cannot be tested experimentally in the case of the allyl 
radical itself. A study of suitable derivatives of the allyl radical 
is now in progress in this laboratory.) 

The same mechanism would also account for the rapid de- 
composition of allylmercuric chloride into propylene and HgCl, 
in the presence of HCl. 

It is highly probable, therefore, that scission of compounds like 
allylmercuric chloride involves two competing reactions—the 
one just described, and the normal splitting previously discussed 
on the preceding page. 

Incidentally, a mechanism closely analogous to the one sug- 
gested would account for the impossibility of obtaining sig- 
nificant yields of phenylmercuric allyl by the condensation of 
allylmercuric iodide with an excess of phenylmagnesium bromide. 
Any phenylmercuric allyl formed in this way is decomposed by 
the addition of the CsH;Mg* ion at the extra electron pair with 
consequent formation of phenylmercuric bromide, which reacts 
with excess phenylmagnesium bromide to form mercury di- 
phenyl. On the other hand, when phenylmercuric bromide is 
used with an excess of allylmagnesium bromide, the pheny]l- 
mercuric bromide regenerated through the addition of positive 
allyl magnesium ion at the double bond in phenylmercuric 
allyl condenses with excess co-reactant present to form more of 
the desired product. 
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the system. Obviously, it cannot profitably be applied 
to phenomena in which the electronegativity of a given 
radical is but one of many complex interdependent 
phenomena determining the final outcome. An ex- 
tremely elementary example is not far to seek. We 
need only consider the dissociation constants of 
aqueous solutions of carboxylic acids. Some of the 
interdependent equilibria which have a part in deter- 
mining the numerical result obtained when conduc- 
tivity or hydrogen-ion potential measurements are 
made on such solutions may be crudely indicated as 
follows: 

(1) x(H20)n =— y(H20) m 

(2) RCOOH + H,0 == RCOOH-H:;0 

(3) 2RCOOH == (RCOOH), 

(4) 2RCOOH == RCOOH,t + RCOO- 

(5) RCOOH + H.O == H;0+ + RCOO- 


If for R we substitute R’ we alter all of the above 
equilibria, probably not all in the same sense with 
respect to the effect upon the ultimate numerical result 
and certainly not all to an equivalent extent. In 
addition we affect ionic mobilities and interionic 
attractions. 

In the nature of things, cases of this type are not 
amenable to treatment on the basis of one factor alone. 
However, there remains a considerable range of phe- 
nomena to which the authors’ system of notation may 
be profitably applied. Some types have been dis- 
cussed and others have been mentioned in the previous 
articles of this series. It is the purpose of the present 
paper to indicate further examples. 


METHOD OF APPLICATION 


It may be well to approach our specific discussion 
by way of a few introductory remarks concerning our 
method of attack upon such problems. Assuming that, 
on the basis of general chemical knowledge and a 
consideration of theoretical probabilities, a promising 
field of inquiry has been selected, the first step is to 
conduct a comprehensive survey of the field and to set 
up therein a point or points of reference. 

For instance, we sometimes find that among a 
group of homologous compounds certain members 
undergo a given reaction while others do not. It 
may then be found that all of the members which do 
not react contain significant radicals more (or less, as 
the case may be) electronegative than those contained 
in the members which do react. Further examination 
may show that, when the reactive members are ar- 
ranged in some experimentally logical order (say the 
order of decreasing severity of the conditions necessary 
to bring about reaction), the significant radicals have 
also been arranged in an approximate* order of in- 
creasing or decreasing electronegativity. 

* We say approximate for the reason that electronegativity 
may be merely the dominant rather than the sole factor involved. 
Also the available data may not be sufficiently precise quantita- 


tively to permit exact relative placement of radicals which stand 
close together in the table. 
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The hypothetical case we have described is of the 
simplest type possible. Our point of reference is 
established by inspection by the simple expedient of 
dividing our homologous series into a reactive and a 
non-reactive group. 

Sometimes it is found that a reaction will take one 
or the other of two possible courses depending upon 
the relative electronegativity and position of a sig- 
nificant radical (or radicals) in one of the reacting 
molecules. The directed addition of halogen acids to 
ethylene derivatives, discussed in the second article 
of this series, is a reaction of this kind. 

Often, however, the matter is not quite so simple. 
An illustration of a more complicated case is found 
in the first specific application which we desire to dis- 
cuss. It may contribute both to economy and clarity 
of exposition to proceed by means of consideration of 
the actual case rather than by further hypothetical or 
general argument. 

If we examine the available data relating to the 
elimination (Abspaliung) of the carboxyl group from 
carboxylic acids we find a collection of facts which at 
first glance appears to conform to little rhyme or 
reason. Benzoic (10) and acetic (11) acids are highly 
stable as regards resistance to both heat and chemical 
reagents. Formic acid may be split to yield CO 
quantitatively (12, 13, 14), CO: almost exclusively 
(15, 16, 17, 18, 19), or mixtures of both in varying 
proportions (18, 19, 20, 21) under conditions of widely 
differing degrees of severity. Triphenylacetic acid 
when heated alone above its melting point eliminates 
CO, (22), but gentle warming in concentrated H2SO, 
leads to quantitative evolution of CO (23). 2,4,6- 
Trinitrobenzoic acid eliminates CO, at its melting 
point (210°) or upon heating in water (24). 2,4,6- 
Trihydroxybenzoic acid yields CO, quantitatively 
in boiling aqueous solution. The a-hydroxy acids as a 
class are unstable toward heat either alone or in the 
presence of H,SQ,, as are the a-ketonic acids (see 
tables). What are we to think of so diverse a display 
of products and stabilities? Even the relative electro- 
negativities of radicals seem to offer no clue here. 

However, a careful sifting of the available data 
with particular attention to the relative stabilities of 
acids enables us to divide them roughly into two groups 
—a first group which is obviously of low stability 
and a second comprising varying degrees of stability 
from moderate to very high. If we ignore, for the 
moment, the second group and concentrate our at- 
tention upon the first, a striking fact immediately 
presents itself. Representing an organic acid by means 
of the general formula, RCOOH, we find that in the 
group under consideration R is always, without ex- 
ception, either very strongly electronegative or very 
weakly electronegative. We may then make a further 


subdivision of our first group upon the basis of the 
relative electronegativities of the identifying radicals. 
When we have done so we perceive that the acids 
containing very strongly electronegative radicals (R) 
invariably yield CO, upon decomposition. Of the acids 
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containing very weakly electronegative radicals (R), some 
are reported as yielding CO:, some as yielding CO, and 
some, which have been examined under . varying 
conditions, are found to yield either one or the other 
depending upon the conditions of the experiment. 


FACTORS AFFECTING THE STABILITIES OF INTERATOMIC 
BONDS 


In seeking an explanation of the fact that acids of 
two distinctly different types display comparable 
stabilities and in some cases yield a common product 
(COs), we will do well to turn to a consideration of the 
general principles of bond stability. 

We may begin by noting that, as regards the elec- 
tron-pair bond in general, there are two conceivable 
modes of rupture, which may be indicated as follows: 


(1) A:B —>At-+ :B-orA:~ + Bt 
(2) A:B—>A‘+.B 


While we are accustomed to think of certain types of 
molecules as reacting in one way and of others as 
reacting in the other, it is necessary to keep in mind 
the fact that the mode of decomposition depends upon 
the circumstances and that the same molecule may 
dissociate according to scheme (1) under one set of 
experimental conditions and according to scheme (2) 
under other conditions. For a striking example we 
need not search beyond so familiar a compound as 
hydrogen chloride. In aqueous or other ionizing 
solutions we have: 


H:Cl: == H+ + :Ci:-, 


whereas thermal decomposition in the vapor phase 
takes place as follows: 


H:Cl: =H’ 4+.C: 


It is, therefore, ambiguous to speak of the stability 
of hydrogen chloride unless we specify whether we have 
in mind the possibility of decomposition according to 
scheme (1) or scheme (2). By the former criterion 
hydrogen chloride is extremely unstable; by the latter 
it is highly stable. 

It follows that a similar specification is necessary to 
any intelligent discussion of the relation of constitution 
to stability. With regard to ionic dissociation, hydro- 
gen iodide is also highly unstable but probably some- 
what more stable than hydrogen chloride; with re- 
gard to thermal decomposition it is notably less stable. 

Incidentally, it should be noted that the possibility 
of alternative modes of splitting is not confined to 
highly polar bonds, nor is the ionic type of decompo- 
sition so rare in organic chemistry as is commonly 
assumed. * 

A rather impressive illustration of the polar splitting 
of an essentially non-polar bond is to be found in the 





* It is to be understood that when we speak of bond rupture 
“of the ionic type’’ we do not imply that stable ions need neces- 
sarily be among the products or even the intermediates of the 
reaction. We indicate only that both electrons of the bonding 
pair remain with one atom when the bond is broken. 
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ionization of hexaphenyl ethane in liquid sulfur dioxide 


solution. In inert solvents, the characteristic free- 
radical formation is observed, 
2D 2 
9:C:C:9 == 2 D:C., 
QOD 4) 


but in liquid sulfur dioxide a conducting solution is 
obtained, indicating that the scission is ionic. 

It follows directly from the facts thus briefly out- 
lined that molecular instability may arise from more 
than one cause. The circumstance that two homologous 
molecules may both be said to be ‘‘unstable’’ does not 
necessarily indicate that their constituent radicals 
are of the same relative orders of electronegativity. 

In elaboration of this statement let us consider 
the individual behaviors of bonds of the three types 
indicated in Figure 1. As 





regards neutral splitting of (1) &o~: 3 

the molecule to form atoms 

or free radicals, bonds of (2) 4-———:—8 
types (1) and (2) are both (3) A d B 
relatively stable; bonds of ; 

type (3) are relatively un- FicurE 1 


stable. As regards ionic 
splitting, bonds of type (1) are relatively stable; bonds 
of types (2) and (3) are both relatively unstable. 

There is in these facts nothing so strange as might 
appear at first glance. That bonds of type (1), joining 
highly electronegative atoms or radicals, should be 
relatively stable under all conditions is altogether 
to be expected. Neutral splitting must result from the 
removal of one electron from the sphere of influence 
of one highly electronegative nucleus and of the second 
electron from the sphere of influence of another highly 
electronegative nucleus. Both of these necessary 
operations would be strongly opposed. Ionic splitting 
would necessitate the removal of two electrons from the 
influence of one highly electronegative nucleus. In 
bonds of type (3) we encounter the converse set of 
circumstances. To accomplish neutral splitting it is 
necessary only to withdraw one electron from each of 
two weakly electronegative nuclei. Likewise, to effect 
an ionic splitting it is required only to withdraw a pair 
of electrons from one or the other of two weakly elec- 
tronegative nuclei. In bonds of type (2), however, we 
encounter the interesting seeming paradox of relatively 
low stability toward ionic splitting and relatively high 
stability toward neutral splitting. Nevertheless the 
anomaly is only apparent, for ionic splitting is com- 
pletely analogous to the ionic splitting of bonds of type 
(3), whereas neutral splitting involves a factor which 
contributes to the stability of bonds of type (1), 
namely, the necessity of removing one electron from 
the sphere of influence of a highly electronegative 
nucleus. 


THE RELATION OF STRUCTURE TO STARILITY IN 
CARBOXYLIC ACIDS 


Some of the general principles which we have out- 
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lined are well illustrated in the behavior of carboxylic 
acids with respect to the removal of the carboxyl 
group. Designating the carboxylic acids by the general 
type formula, RCOOH, it is to be observed that the 
carboxyl group is easily removable: (1) when R is 
highly electronegative (somewhat or considerably 
more electronegative than phenyl) and (2) when R is 
very weakly electronegative (about equal in electro- 
negativity to the carboxy] radical itself). It is also to be 
noted that in the former group of acids instability in- 
creases with increasing electronegativity of R; in the 
latter group, instability increases with decreasing 
electronegativity of R. 

If we permit ourselves the following plausible 
assumptions, not only the relative stabilities but the 
products of decomposition of the carboxylic acids 
conform to a logical pattern. 

(1) Scission of the R-to-carboxyl bond in either of 
the following ways gives rise to CO, elimination: 


(2) R: COOH —>R:‘ + .COOH 
(6) R:COOH —>R: + COOH 


(2) Scission of the R-to-carboxyl bond gives rise to 
CO elimination when it takes place in the following 
manner: 

(c) R: COOH —> R + :COOH 

The precise mechanisms of the reactions involved 
need not concern us greatly. It is sufficient to note in 
passing that scheme (a) undoubtedly represents the 
sole mode of scission in homogeneous, unimolecular, 
vapor-phase pyrolyses; it may, however, operate 
also in the liquid and solid phases. Decomposition 
according to schemes (5) and (c) may be encountered 
in the liquid or solid* phases, and in the vapor phase 
when contact catalysts are present or when the re- 
action is bi-molecular. 

It is evident, therefore, that although acids of the 
type, R: COOH (i. e., where R is strongly electro- 
negative) might be expected to display moderate 
stability in the vapor phase, the difficulty of vaporizing 
them without first decomposing them according to 
scheme (0b) has for the most part prevented confirma- 
tion of the expectation. It is interesting to note, 
however, that salicylic acid, for instance, can be sub- 
limed below its melting point without decomposition 
(25) and that pure specimens may be distilled virtually 
unchanged, but that strong heating of the acid melt 
eliminates CO: (26). 

Acids of the type R: COOH (i. ¢., in which R is 
weakly electronegative) must display low stability 
whatever the mode of scission. The product obtained 
(CO or COz), and therefore presumably the type of 
splitting, varies depending upon the conditions of the 
experiment. Upon the basis of the data available 
it would appear that basic reagents favor CO, evolution, 
while acid or dehydrating reagents favor evolution of 
Co. 

* It should be noted that decomposition in the solid phase is 


complicated by crystal-symmetry factors. See p. 1709 of the 
second article of this series. 
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Tables 1, 2, and 3 summarize for convenient 
reference a sufficient collection of experimental data 
to furnish a basis for evaluation of the ideas here 
set forth. No attempt has been made to arrange the 
radicals in the precise order of their relative electro- 
negativities. The table has been more or less arbi- 
trarily divided into three sections, however. The first 
section lists acids in which the radical R is strongly 
electronegative. The third section comprises very 
weakly electronegative radicals. The intermediate 
section tabulates acids containing radicals of inter- 
mediate electronegativity. It may be regarded as a 
‘“‘box’”’ which serves as a receptacle for data of no 
utility in the formulation of the concept here presented 
but readily interpretable upon the basis of that concept, 
once it has been formulated. In science, as in engineer- 
ing, it is sometimes necessary to bridge a gap by ex- 
tending firmly anchored cantilever spans until they 
meet. The behavior of amphoteric substances would 
be rather puzzling except in the light of some knowledge 
of acids and bases. Just so, no generalization regarding 
stabilities and modes of decomposition of carboxylic 
acids could have proceeded from contemplation of the 
behavior of acids of comparatively high stability. 
Once outside the puzzle box depicted in Figure 2, 
however, and clues await the seeker. 
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FIGURE 2.—GRAPHIC SUMMARY OF THE RELATION OF STRUCTURE 
TO STABILITY IN CARBOXYLIC ACIDS 


The diagram is not intended to be in any sense quantitative, 
but merely to indicate qualitative trends. The term ‘‘hydrolytic’”’ 
is used for convenience to refer to polar scission of the R-to-car- 
boxyl bond. The term “thermal” is similarly used to refer to 
non-polar scission of the bond. 

The method of determining the relative electro- 
negativities of radicals has been discussed in this and 
previous papers (4) and a table of relative electro- 
negativities of some organic radicals has been presented 
in the first two articles of this series. As a guide to 


estimation of the relative electronegativities of radicals 
unlisted in the table the following tentative rules, 
formulated in part on the basis of previously published 
experimental work (4) and in part on the basis of un- 
published work by one of us and others, are given: 

(1) When radicals more electronegative than hydro- 
gen are substituted for hydrogen atoms in the methyl 
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radical the substituted radical as a whole becomes less 
electronegative than the methyl radical. The more 
electronegative and (for a given degree of electro- 
negativity) the more numerous the _ substitutent 
groups, the less electronegative the substituted methyl 
radical becomes. * 

It is recorded in our table of relative electronega- 
tivities that the phenyl radical is more electronegative 
than the methyl radical. It has recently been deter- 
mined that the isopropyl radical is more electro- 
negative than the benzyl radical which is, in turn, 
more electronegative than the tertiary butyl radical 
(8). With the aid of the rule stated above we may, 
therefore, write the following radicals in the decreasing 
order of electronegativity indicated: methyl > iso- 
propyl >benzyl > tertiary butyl > diphenylmethyl > 
triphenylmethyl. 

(2) A phenyl or naphthyl radical bearing a sub- 
stituent which may be introduced directly is less electro- 
negative than the phenyl radical itself. 

For example, the chlorophenyl, bromophenyl, and 
nitrophenyl radicals are all less electronegative than 
the phenyl radical itself. On the other hand, the 
hydroxyphenyl, methoxyphenyl, and tolyl radicals 
are all more electronegative than the phenyl radical. 

(3) When two substituents, both of which shift the 
electronegativity of the phenyl radical in the same 
direction, are introduced together it is reasonable to 
predict that the electronegativity of the resulting 
radical should be shifted even farther from that of the 
phenyl radical than it is by a single substituent. 

Thus the cresyl radicals should be more electro- 
negative than the tolyl or hydroxyphenyl radicals, 
both of which are more electronegative than phenyl 
radical. The chloronitrophenyl radicals should be less 
electronegative than either the chlorophenyl or the 
nitrophenyl radical, both of which are less electro- 
negative than the phenyl radical. 

Rules (2) and (3) above are discussed more fully in a 
recent publication by one of us and Flenner (4c). 

Various radicals which do not appear in our table of 
determined electronegativities are included in the 
present tabulation on the basis of the foregoing rules. 
The a-hydroxy and a-carbonyl radicals are classified 
as weakly electronegative on the assumption that 
=O and —OH are strongly electronegative substituents. 
The trichloromethy] radical is also included as a weakly 
electronegative group, although we have pointed out 





* The latter part of this rule, while generally true as stated, 
requires some modification. For instance, recent work in this 
laboratory indicates that although the benzyl radical is less 
electronegative than the ethyl radical, the o0-chlorobenzyl 
radical is less electronegative than the benzyl radical, rather than 
more so as might be expected in view of the fact that the phenyl 
radical is somewhat more electronegative than the chlorophenyl 
radical. Undoubtedly it is better to view the benzyl radical as 
an entity in itself and as the parent of a group of derivatives 
than to consider it piecemeal as a methyl derivative. On this 
basis we may hazard the tentative rule that direct substitution 
decreases the electronegativity of the benzyl as well as of the 
phenyl radical. We again emphasize the fact that these tentative 
rules are merely expedients and that experimental determination 
of relative electronegativities constitutes the final and valid test. 
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TABLE 1 (Continued) 








in the second article of this series (p. 1721) and else- 
where (4c) that chlorine has not all the characteristics 
of a typical organic substituent. The vinyl and ethinyl 


Acips (RCOOH) ConTAINING STRONGLY ELECTRONEGATIVE RADICALS (R) 


R (in RCOOH) 


Products 


Conditions and Refer- 


radicals are regarded as strongly electronegative on the L a ote ee 
basis of miscellaneous chemical evidence. is ike ae id 
In referring to Tables 1, 2, and 3 the reader should Et O Et 

remember that the data here collected were produced H H (CO2) + “Decomposes _read- 

by a large number of independent investigators, work- —f~-¢-f— Me—C-—C—Me ily” (98) 

ing under a great variety of conditions and employing 0 0 0 0 

reagents of greatly varying degrees of purity. The 

temperatures tabulated are not in all cases the minimum Fa a 124-8° (m._p.), on 
—OH \—OH ‘oO heating, 156° 


temperatures at which decomposition becomes ap- 


preciable. 


Any comparisons drawn, therefore, should 


be purely qualitative and should take due account of 


these facts. 


On the whole it is apparent, nevertheless, 


that the general trend predictable from our previous 


discussion is exhibited. Tables 1, 2, 3. 








eS 


CO: (98%) 


1/2 hr., boiling HsO 
soln. (28) 


TABLE 1 

Actips (RCOOH) ConrarIniInGc STRONGLY ELECTRONEGATIVE RapIcALs (R) f -—-OH CO: (18.6%) bing — H:0 
Conditions and Refer- —OH 
R (in RCOOH) Products / 
H—C =C— CO: + C2H2 Distillation (83) OH 
QNG—C =C— (CO2) 100° in H20 soln. (38) OH 250° (nearly quant. 
Me—C =C— CO: + Me—C =CH > b. p. (208°) (121) paw. in 1 hr.) (100) 
aA—C =C CO: + @—C =CH 120° in H2O soln. (38) Co: 4 f oH 
p-MeQ@—C =C— CO2 + p-Me@—C =CH “Readily undergoes “ahs a =) 
pyrolysis’’ (37) 

H H H H ys - sin aid 
Ac—C=C— CO2 + Ac—C=CH Distillation (84) 4 COz (94.3%) 1 be boiling aniline 
HC—CH CO: + HC—CH 220° (85) A : 

| ff | HO \/ °OH 
HC C— HC CH 2 hrs. in sealed tube 
; \Z at 260-75° (86) OH 
Oo 
CH3 55° in MeOH or Et- 
oe ve ” ‘ai “ ee JN | OH (decomp. com- 
HY ir 1 i CO: + a,a’ difuryl Here P»» HO a CHs plete in several 
HC C—C CH | | CO: + days) (30) 
7 ad 
ae - HO’ ‘OH 
oe COz + HC—CH “Heating” (87) OH 
a I dj 
c C-— HC C—9 ~ 
o 0 a= CO: + < OH M.- p. (192°) (101) 
H ( ir 
g—C—C— (COs) + @—C—Me At m. p. (103-4°) 4 OH 
| #H i (88) 
Oo OH 
H 
Q- a CO: + a ae bey Ages v8 J oe Dry distillation (yield 
| once into products JN . + HC only fair) (102) 
Oo cited (89) / \—on CO: + HO \ y OH y fa 
H i HO-—\ / ; 
Me—C—C— CO: + Me—C—Me Decomp. vigorously SZ 
| H I] < 100° in conc. H2O / 
oO oO soln. (40), (88) 


H 
t-Bu—C—C— 
H 


(COz) + al inna 


Below 100° (90, 941, 
92) 


CO: + < >-on 


80% decomp. at 300°. 
(Acid used con- 
tained 1 mol. H2O 





I 
Oo Oo | N\oH of crystallization) 
ay _—_OH (103) 
Me => - SH 
| CO: + Me—C—i-Pr Crystals decomp. | CO: (63.4%) 1 hr., boiling aniline 
Me—C—C— {| slowly at room OH (28) 
I _| oO temp. (93, 94, 95, 
O Me 96, 97) 
a 
H H —T . —OH 
“i | H + silt din ae oad COz (33%) 1 hr., boiling aniline 
oO re) or alkali (80) HO— (28) 
. fe es *¢: 
Et Et CO: + “‘ketone odor” eated alone or in COz (89%) 1 hr., boiling aniline 
| | H20 (80) —OH 28 
—C_-O-—C— 
'—_OH 


ll aw 
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TABLE 1 (Continued) 
Acips (RCOOH) ConTAINING STRONGLY ELECTRONEGATIVE RADICALS (R) 
Conditions and Refer- 


R (in RCOOH) Products ences 
Pa 
—OH CO: (49.1%) 1 hr., boiling H:O 
soln. (28) 
| 
OH 
4 
HO—/ \—on CO: (36%) 1 hr., boiling H:O 
| soln. (28) 
\ 
VY 


J 


Stable in boiling ani- 
line (28) 


HO 2 '—-OH 


TABLE 2 
Acips (RCOOH) ConTartntinGc RADICALS (R) OF INTERMEDIATE DEGREES OF 
ELECTRONEGATIVITY 
Conditions and Refer- 





R (in RCOOH) Products ences 
HH CO: Quantitative at 200° 
HO— —C=C— (104) 
HO—\. 
H H H H Slow distillation, 300° 
g—C=C— CO: + 9—C=CH (105) 
CO:, styrol, resin, Five repeated pres- 
CO (very little) sure distillations in 


V-tube (38) 


H Me H H Almost quant. on 
| | | | very slow heating 
Et—O—C=C— (COz) + Et—O—C=C—Me (106) 
H CO:z + CO, etc. 1 hr. at 260-70° (79) 
g—C=C— 
| 
C) 
7 
Me 
H H H 
g@—C=C— CO: + @C=C—O—@, 


| 1 hr. at 260° (79) 


Oo H 
| CO + @C—COOH 
2) H 
H 
co 150° in conc. H:SO. 
H— = (44) 
HO 
4 
CO: (54%) 1 hr. in boiling ani- 
line (28) 
“pr 
OH 
a 
CO: (84.7%) 1 hr. in boiling H:O 
¢ —OH (28) 
{ —Br 
a 
| 
OH 
HO— —OH CO: (4%) 1 on boiling H:O 
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TABLE 2 (Continued) 


Acripys (RCOOH) ContatntnG RapIcats (R) OF INTERMEDIATE DEGREES OF 
ELECTRONEGATIVITY 


Conditions and Refer- 











R (in RCOOH) Products ences 
rid 
Stable in boiling ani- 
ml EE line (28) 
Br— —_OH 
| 
Br 
- 
Stable in boiling ani- 
Br— line 
HO— OH 
| 
Br 
ri 
CO: (96%) 1 hr. in boiling ani- 
line (28) 
Br—\ —Br 
| 
OH 
‘a ‘ 
CO: (24.3%) 1 hr. in boiling H:O 
Br— —Br (28) 
Br— '—OH 
| 
OH 
wr 
Br— —Br Stable in boiling an 
line (28) 
HO— —OH 
| 
Br 
er 
CO: + @OH 280° (25), (26) 
—OH 
CO: (30.8%) 1 hr. in boiling ani- 
line (28) 
fe 
Very stable to heat 
(122 
—_OH COs: (14.5%) 1 hr. in boiling ani- 
line (28) (Cf. 122) 
of P 
. CO: (9.5%) 1/2 hr. in boiling H:O 
—OH (28) 
Br / 
| 
OH 
CO: (1.7%) 1 hr. in boiling H:O 
(28) 


CO:2" (78%) 1 hr. in boiling ani- 
oo line (28) 
Br” \bBr 
fl Stable in boiling ani- 
line (28) 
Br— —OH 


“< Stable in boiling ani- 
¢" line (28) 
HO” OH 
Br 
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TABLE 2 (Continued) 


Acrpjs (RCOOH) Conrarninc Rapicats (R) oF INTERMEDIATE DEGREES OF 


ELECTRONEGATIVITY 


R (én RCOOH) Products 


a 


Conditions and Refer- 
e 


ces 


500° in current of 
steam in aluminum 
apparatus (60) 





Red heat with lime 
(61) 





Fusion with NaOH 
(62) 





Vapor over glowing 
pumice (63 





Vapor over glowing 
iron (64) 





Stable in boiling gly- 
cerine (65) 





Stable for several hrs. 
in aniline at 240° 


(66) 


Sulfonates when 
heated in conc. H:- 
SO.; otherwise sta- 
ble (76) 





Stable in sealed tube 
at 390° (38) 





Stable in vapor phase 
below dull red heat 
(11) 





Vapor passed through 
iron tube at red 
glow (67) 


Stable at 460° (107) 


Stable in sealed tube 
at 370° (38) 





Stable at 460° (107) 





250° in conc. H2SO, 
(42) 


Stable at 460° (107) 





140-55° in conc. He- 
SO. (SOz evolved) 
(42) 


160° in conc. H2SO, 
(SOz evolved) (42) 


155° in conc. H2SOs 
(SO evolved) (42) 


Sealed tube at 270° 
(38) 





160° in conc. H2SOu 
(SO2 evolved) (42) 


170-90° in conc. H:- 
SOQ, (SOz evolved) 
(42) 


160° in conc. H2SO; 
(SOz and charring) 
(42) 


160° in conc. H:SO, 
(SOs evolved) (42) 


Slight decomp. at 
370° in sealed tube 
(38) 


Sealed tube, 340-75°, 
(38) 





Heated in conc. H2- 
SOu (44) 


Vapor phase pyroly- 
sis in pyrex, porce- 
lain, silica, and cop- 
per tubes (16); Cf. 
(15), (18), (20) 





H3:C— 
CO: + CH; + H:0 
+ (CHs3)2CO 
HsC:— 
n-HiC3— 
CO (0.55%) 
#-HiCs— 
CO (82%) 
n-HoCu— CO (1.5%) 
§-H9Ce— CO (19%) 
n-HuCs— “Slight decomp.” 
CO (3.4%) 
#-HuCs— CO (31%) 
H: He CO (27%) 
fe 
He < 
He He 
1 CO (65%) 
_— 
Et 
H H CO: (90-95%), 
g@—C—C— CO (5-10%) 
H H 
H CO:, CO, @CHs, di- 
g@—C— benzyl ketone 
H 
co 
H— CO:, CO, He, H:O 
CoO + H:0 


Conc. H2SO. (12) 

In HsPO, (13) 

In acetic anhydride 
(14) 
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Acips (RCOOH) ContatIninG RADICALS (R) OF INTERMEDIATE DEGREES OF 


R (in RCOOH) 


| 
<= a a 


H 


(26% H20) 


i 
R ie a 
OH 


H 
—— 
HO 


os lb ta 
H:C—C— 


OH 


ELECTRONEGATIVITY 


Products 


co 


co 


co 


CO + aldehyde 


CO + H:2O + aldehyde 
+ HCOOH + lac- 
tide 


CO + H:0 + CO2 + 
cyclobutane 


TABLE 3 


Conditions and Refer- 
ences 


35° in cone. H2SO, 
44) 


H2SO« at 150° (SO2 
evolved) (81) 


35° in conc. H2SO, 
(44) 


Gentle heat in conc. 
H2SO, (73) 


250-300° (74) 
R’ = n-CiHo, n- 
C:His, n-CioHa, n- 
Ci2Hes, n-CisHe9 


270° in air (75) 


Distillation at 280- 
300° (108) 


Acips (RCOOH) ConTAINING WEAKLY ELECTRONEGATIVE RADICALS (R) 


R (in RCOOH) 
i 


O:.N— —NO:z 


OH 
H 
g—C— 
OH 
H 
e-C— 
OMe 


Products 


CO: + O2N— —NOz 


CO (73%) 


CO (95%) 


CO (99%) 


CO (65%) 


co 


co 


Conditions and Refer- 
ences 


At m. p. (210°) (24) 
Heated in H20 (24) 





140-60° in cone. H:- 
SO« (considerable 
SO:2 evolved) (42) 


85-120° in conc. He- 
SO, (some SO: 
evolved) (51) 


80-100° in conc. He- 
SOu (51), Cf. (23) 


180° in conc. H2SO« 
(44) 


55° in conc. H2SO,4 
(44) 


35° in cone. H2SQu 
(27), (44), (82) 





CO + CO: 


co 


220-245° (82) 


Room temp. in conc. 
H2SO, (44) 








TABLE 3 (Continued) 
Acips (RCOOH) ConTAINING WEAKLY ELECTRONEGATIVE RapicaLts (R) 
Conditions and Refer- 
R (in RCOOH) Products ences 


| ae ral \ 
< ‘ 
Necail H 7? 270-300° (45 
Ned CO: + _—— ; sid 
a rs \ i 
< » 
— 4 \ 
¢ 5 4 S 
Nisa” epee 
Os 
» 
< > 
— H 
cK CO: 200° (46) 
iJ 
\ 
f Almost quant. at 260° 
/ \ (48) 
2 > 
oma he : Ne, 7 
io CO: + >cK 
| \ * 
CoH, 4 “C:HiCOOH 
COOH _/ 
, \ CO: 250° (R’ = methyl, 
< . , ethyl, benzyl, al- 
J * lyl) (48) 
= 
” 
° Me 
? 
u a \ C co o% — in conc. He- 
Me— aad (64%) 304 [stable at 276° 
Ne | ° when heated alone 
CH: (m. p., 176°)] (47) 
( 
Me 
Et 
f 30-40° in cone. H>- 
| SO. Stable at 
7, CO (77%) 284° when heated 
alone (m. p., 183- 


Et— = 
| 


CHe 
l 
C) 
| 
Et 
Me 
| 
Me 
y 30-40° in conc. Ho- 
| SO«. Stable at 
Me / CO (77%) 260° when heated 


alone (m. p., 160°) 
Me— Cc 
| 


— CO (100%) Room temp. in conc. 
H2SO« (23) 
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TABLE 3 (Coniinued) 
Actps (RCOOH) ConTAInING WEAKLY ELECTRONEGATIVE RADICALS (R) 
Conditions and Refer- 





R (in RCOOH) Products 
Me CO (100%) + corre- 3 to 4 hrs. in conc. 
| sponding carbinol H2SO, at room 
temp. (23) 


Me CO (100%) Room temp. to 50° in 
| conc. H2SO« (23) 


Me CO + corresponding 3 to 4 hrs. in conc. 
carbinol H2SO, at room 
temp. (23) 


Me 


Me— — a 
| 
Me 


Ar CO + corresponding Conc. H2SO,4 at room 
| carbinol temp. or slightly 
@—C— warmed,Ar =phenyl 
(23), p-tolyl (50), p- 

ethylphenyl (51), 

Dp -  propylphenyl 

(51), p-hydroxy- 

phenyl (44), (53), 

(54), p-carboxy- 

phenyl (50), o-cre- 

syl (52), p-hydroxy, 

m - chloropheny! 

(44), -hydroxydi- 

bromophenyl (49), 


COOH CO2 + corresponding Heated above m. p. 
| methane (246-7°) (50) 


OH OH 200° in stream of air 


OC Magy oS 
7, a 


CO (54%) Heated in conc. H:- 
SOx (55) 





OCH : naa 
i 


Heated slowly to 160° 
(55) 





CO (40%) Heated in conc. He- 
er (sulfonation) 
55) 
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TABLE 3 (Continued) 


Acipjs (RCOOH) ConTAINING WEAKLY ELECTRONEGATIVE Rapicats (R) 


R in (RCOOH) 
OH 


| 


HeC=C— 


ane 
Ci 
Cil—C— 


H—C— 


H 
Q—C—C— 
H 


Me—C— 


m< > 


—CH3 


—cC— 
oO 


Producis 


7 


Conditions and Refer- 
ences 


—CHs 





220° (55) 








CO (79% 140° in conc. H2SO, 
(sulfonation) (55) 

co Below 140° in conc. 
HeSO« (23, 

co 50° in conc. H2SO. 
23 

co 160° in conc. H2SO. 
(42) 

CO + COz + ClsC- 4 hrs. in sealed tube at 

Coci + HCl 300° (56) 


CO:, H20, pyruvic, Ppy- 
rotartaric, and acetic 
acids 


CO (39%) 


co 


Dry distillation (109, 
110) 


180° in conc. H2SOu. 
(Considerable SO: 
evolved) (27), (44) 


Room temp. in conc. 
H2SO, (27) 





CO: (81%) + @2C=O 
+ DiC=C=0-+ 


benzilide 


At. b. p. (>250°). 
Benzilide, _ initial 
product (111) 





CO: + H:0 + @2:C=O 


+ @:CHCOOH + tar 


CO: + tar + oxalic 
and glycollic 
acids 


CO: 


co 


180-200° (decomp. 
complete) (29) 


Heated above m. p. 
(acid contained one 
mole H:O of crys- 
tallization) (112) 


At. m. p. (154°) (113, 
114) 


60--80° in conc. H:e- 
SOu (44) 





COs:, acetic acid, etc. 


Prolonged heating at 
170° (115, 116, 117) 





CO:, aldehyde, resin 


CO + COOH + 


10% H2SO, in sealed 
tube, 5 hrs. at 150° 
(77) 


Dry heat (acid and 

















CO; + @CHO aldehyde in nearly 
equal quantities) 
(32) 
CO + @COOH Lene, Rapid distillation 
CO: + @CH (200-250°) (quant. 
decomp.) (78) 
co + CO: Slow heating 220-245° 
(39) 
co 75 min. at 200° (118) 
CO (+ a little COz) Slow heating in large 
oo conc. O%4 
(39) 
co Slight warming in 


CO. + @ imide of alde- 
hyde 


conc. H2SO, (44) 


Warming with excess 
aniline (33) 





CO + acid, 
CO: + aldehyde 


Dry heat (acid and 
aldehyde in nearly 
equal quantities) 


(32) 
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Actips (RCOOH) ContTaAINING WEAKLY ELECTRONEGATIVE Rapicats (R) 


R in (RCOOH) 


oor 
oO 


Products 


CO: + @ imide of alde- 


hyde 


Conditions and Refer- 
ences 


Warming with excess 
aniline 





CO + acid (chiefly) 


Dry heat or warming 


in conc. HaSOx 





CO + acid 


Ar = p-anisyl (32), 
(33), p-hydroxy 
phenyl (3/), 2,4- 
dimethylphenyl! 
(33), (34), 2,5-di- 
methylphenyl (35), 

2,4 - dimethoxy 
phenyl! (36), 3,4- 
re ee ace 
(33), 
pe BP saath (33), 

- trimethyl- 
phenyl (33), (34) 


Conc. H3SO, at water- 
bath temp. (goo 
yield of acid) (119) 


i he (CO) + salicylic acid Distillation (120) 
CcC— 
5 I 
O 
Me CO + CO: + acid + Dry distillation (35) 
/ aldehyde + dicymyl 


(Mixture of isomers) 


HOOC— 


ketone 





@ imide of aldehyde 
(CO) 


CO: + HCOOH 


Warming in aniline 


(35) 


108° in glycerin (57), 
(58) 





CO: + HCOOH 
(chiefly) 


Heat, 130-170° (59) 


These generalizations are of great theoretical interest 
but they have also their practical aspects. Thus, 
should an investigator for any reason find it desirable 
to employ a readily decomposable acid which will 
invariably yield CO, upon splitting, his search for a 
suitable reagent should be made among the acids 
(RCOOH) in which R is very strongly electronegative— 
from his viewpoint, the more strongly electronegative 
the better. If, on the other hand, he has need of a 
readily decomposable acid which can be made to yield 
either CO or COs, depending upon the experimental 
conditions, he had best search for an acid in which R 
is as weakly electronegative as possible. 


HYDROLYTIC DECOMPOSITION OF SUBSTITUTED METHANES 


An additional application of the general principles 
of bond stability outlined in this paper and a further 
illustration of the necessity of choosing suitable points 
of reference in attempts to generalize is revealed by 
unpublished work by one of us and Porsche (68). 

Evidence of extremely polar carbon-to-carbon bonds 
is rare in chemical literature, although some instances 
may be cited.* The paper of Brass and Fiedler (71) 





* Cf. v. KOSTANECKI AND ZIBELL (69), metathesis of p-hydroxy- 
benzoic acid with phenyl diazonium chloride to form p-hydroxy- 
azobenzene; MO6OHLAU AND STROHBACK (70), reaction of di-f- 
naphtholmethane with phenyl diazonium chloride to form 
benzene azo-s-naphthol and formaldehyde; BRAss AND FIEDLER 
(71), alkaline hydrolysis of benzalbis-(8-hydroxynaphthoic acid). 
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had not yet appeared when this study was undertaken 
but it seemed that carbon-to-carbon bonds of sufficient 
polarity to yield to mild hydrolytic reagents at moder- 
ate temperatures (below 100° or 150°C.) might reason- 
ably be sought among the substituted methanes. 
The initial problem therefore consisted in discovering 
the minimum degree of polarity essential to a carbon- 
to-carbon bond reactive under the conditions pre- 
scribed. 

A clue was obtained in the conclusions drawn from 
another study by one of us and Howard (72)—namely, 
that the a carbon atom of 6-naphthol is powerfully 
electronegative. Indeed, in its ability to decrease the 
electronegativity of a substituted methane carbon 
atom, the 6-naphthol radical, when attached through 
the a carbon atom, appears to exert an influence of about 
the same order as that effected by two phenyl radicals. 

The substitution of the $-naphthol radical for one 
hydrogen atom in the methane molecule does not 
produce a bond of the degree of polarity sought, 
for ®-naphthol methane is not appreciably hydrolyzed 
by 2% HCl in boiling glacial acetic acid solution in 
five hours,* nor, indeed, is phenyl-6-naphthol methane. 
When two methane hydrogen atoms are replaced by 
B-naphthol groups, however, the point of reference 
which we have emphasized as necessary to any in- 
telligent and fruitful study of this sort is attained, 
for the following reaction proceeds to an extent some- 
what less than 5%: 


2% HCl 
+ 2H20 
in boiling acetic acid 
. weN OH 
H.2CO+ 2 o 


But a complication is now introduced, for a second 
reaction proceeds concurrently with (1): 


(2) 








yr \ a ran rt 
orto. UU: 


The pyran does not hydrolyze, for the formation of the 
oxygen bridge apparently reduces materially the elec- 
tronegativities of the a carbon atoms and consequently 
greatly diminishes the polarities of the carbon-to- 


* Two per cent. HCl was chosen as the hydrolytic agent be- 
cause of its strongly acid and extremely feeble reducing proper- 
ties. Acetic acid was selected as the solvent for convenience in 
manipulation and in isolation of products and unchanged 
molecules. 
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carbon bonds in which they participate. This result 
is analogous to the effect on hexa-arylethane dissocia- 
tion observed by Gomberg (49). He found that, 
whereas a-naphthyldiphenylmethyl appears to be 
completely dissociated in 1% naphthalene solution at 
80°C., phenyl-pheno-§-naphthoxanthylmethyl is ap- 
parently less than 50% dissociated under the same 
conditions. 

The complication occasions no serious embarrassment, 
however, for it may be readily evaded by the obvious 
expedient of employing the dimethyl ether. 

Once arrived upon the threshold of reactivity, a 
systematic examination of a series of related compounds 
becomes possible. In the study cited the series having 
the general formula, 


Sed(—< 
= 


29 


in which radicals, R, of varying degrees of electro- 
negativity were employed, was investigated. The 
results obtained are summarized in Table 4. 


TABLE 4 


EXTENT OF HyprROLysis OF DIMETHYL ETHERS OF THE Dt-a- 
NAPHTHOL METHANES 


pa 
R—CHC| oo 
R 


C—C Scission in mol % 


H 5 
rd 
r-—-NO: Trace 
of 
10 
NO, 
F 
0 45 
OCH; 


Although a reaction-rate study of this kind cannot 
be relied upon to rank radicals in the precise order of 
their relative electronegativities, the general trend of 
increasing susceptibility to hydrolysis with increasing 
electronegativity of R (and consequent increasing 
polarity of the C—C bond undergoing scission) is 
unmistakable. 
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The possibility of a further interesting correlation 
of reaction rates with relative bond polarities is found 
in the reaction of dinaphthol methane derivatives, at 
room temperature, with the antidiazotate of 2,5- 
dichloroaniline (a relatively stable diazo compound), 
in accordance with the following reaction: 


R H Cl 
¥ H 
N—NO 
va % +2 
—> 
| 
Cer uss : 
cl on 
N= 
RCHO + 2 SS + HO 
Cl 


Experimental data obtained are summarized in Table 5. 


TABLE & 


YIELDS OF 2,5-DICHLOROBENZENE AZO-a-NAPHTHOLS OBTAINED 
BY TREATMENT OF SUBSTITUTED DI-a-NAPHTHOL METHANES 
WITH THE ANTI-DIAZOTATE OF 2,5-DICHLOROANILINE 


R % Theoretical 
H 47 


49 
NO; 
4 


80 


~ 


_ 


OCH; 


60n ‘: 


Here again the correlation between bond polarity 
and hydrolytic susceptibility is readily recognizable 
as a general trend. 


CONCLUSION 


The foregoing exposition is offered, not primarily as a 
justification of the system outlined and demonstrated, 
but as an extension of the presentation and illustration 
of a concept which the authors have found extremely 
useful. We believe that other teachers and students 
of organic chemistry who care to master and apply 
the principles employed by us will find ‘them equally 
useful. No culmination of the quest for ultimate 
truth is proclaimed. 
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VOCATIONS in CHEMISTRY’ 
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The greatest problem facing chemistry students ts what 
to do with their chemical education after they get tt. 
Undergraduates need broader study to insure more general 
usefulness later. Good technical English is most es- 
sential. Sound vocational guidance 1s badly needed to 
keep students out of crowded fields and open new possibili- 
ties in related professions, business, and industry. Mora- 


+++ 


HE CURRENT business depression, with its at- 
tendant ills and tragedies of unemployment, 
has brought out the very serious question: 

What are you going to do with a chemical education 
when you get it? 
All educational institutions and methods have been 





* Presented before the Division of Chemical Education at the 
86th meeting of the American Chemical Society, Chicago, II- 
linois, September 12, 1933. 

t Consulting chemist; former editor of The Chemist. 


toria should be declared on training for academic teaching 
and hospital laboratories. Bachelor graduates should be 
obliged to seek outside experience before registering for 
post-graduate work. Prospective teachers also need 
experience in business or industry, to acquire the view- 
point of industrial chemists. Chemical education should 
serve as a means to varied, useful ends. 


++ + 


subject to sharp criticism of late—much of which is 
certainly justifiable—but little is being done to effect 
any improvement in conditions. Many of the so- 
called academic schools seem actually to pride them- 
selves on their lack of practical courses, driving their 
students through a prescribed routine of cultural sub- 
jects that lead nowhere in particular, and that would 
be delightful if no one had to earn a living. 

The scientific and technical schools, on the contrary, 
lean too far toward the other extreme, cutting the 
cultural courses to less than what ought to be con- 
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sidered a bare minimum, and allowing their students to 
specialize so narrowly that they emerge with little more 
than a glorified trade training. Granting that the 
needlessly cruel statement might be true—that the 
present unemployed are roaming the streets because 
they were misfits in their former jobs—the coldly 
analytical mind that can disregard the need in the 
search for the basic cause will usually find it in the 
gaping holes in an educational program—holes that 
never had been detected or that the misguided worker 
never had the time or inclination to fill. 

Because practically no school gives its students real 
vocational guidance early enough in a course, and 
consistently throughout, vocational counsel is itself 
becoming a recognized vocation. More and more men 
and women daily are going to these counselors, to 
seek reorientation in their work, but the schools con- 
tinue to turn out their graduates, year after year, 
with no clear idea of what they are actually fitted to do, 
or how to find it. 

The study of chemistry—even the teaching of 
it—has too often been made an end in itself, instead 
of a rich and fruitful means to many and various ends. 
The discipline of a good course in chemistry, which 
should lead to the development of a logical, analytical 
mind and the ability for clear, consecutive thinking, 
cannot fail to sharpen a person’s mental tools and make 
him or her all the better in any other line of work. 
The men and women trained in chemistry actually have 
many more opportunities for placing their knowledge 
than have those trained in certain other fields, but 
their salvation now lies in their own versatility, and 
in their ability to step into positions where their 
chemical knowledge is merely the basis for other 
work. And the entering wedge to such positions is 
frequently ability in organization or administration, 
in writing, or talking, or selling, or secretarial work, 
in a flair for languages, a knowledge of foreign countries 
and peoples, or something else that might have been 
considered entirely irrelevant or utterly useless. 

Every right-thinking person knows that no modern 
science can be studied properly by one that wears 
mental blinders, because the overlapping and inter- 
twining of its various ramifications are rapidly bridging 
the gaps between the arbitrary and often artificial 
limits of various subjects. Granted that we live in 
an age of specialization, it is well to recognize that 
the better specialist is not the ‘‘person who knows more 
and more about less and less’ but the one with the 
broadest fundamental education and cultural back- 
ground. 

The answer seems to be in broadening the scope 
of undergraduate education. Because of the bound- 
less growth of human knowledge, it is impossible for 
modern students to emulate our medieval forefathers, 
who were expected to become the masters of arts, 
sciences, letters, and whatever else there was to learn 
in those days; but undergraduate training should 
still be rather general than specialized, so that those 
that fare forth will be better prepared for future un- 
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suspected leanings, and will have both less to regret 
and less to study up when, and if, unusual opportunities 
present themselves. In fact, leanings should not be 
allowed to go unsuspected. Hence the need for funda- 
mental courses, useful for anyone in any line of work, 
which will educate the student in the true sense of 
bringing out whatever is within him; and for sound 
vocational guidance early enough to help him make a 
wise choice, and to show him how to place his knowledge 
to his best advantage later. Half of the battle in 
vocational guidance is in weeding out the wrong per- 
sons—the uneducable—and the rest is in keeping the 
right ones out of the wrong courses. 

The standard courses in college chemistry are fairly 
uniform, but these should be considered only the 
foundation on which students should be shown how to 
build their own body of knowledge in the kind of 
chemical work for which each shows special ability or 
aptitude. Regardless of what supplementary courses 
they may elect to further their specialty (most well- 
equipped colleges offer a long alphabetic list), every 
chemistry major should be required to take a course in 
the history of chemistry and in research methods: the 
former, for the understanding it gives of chemistry 
as a philosophy and of its place in the general scheme 
of things; the latter (not to be confused with the 
research required for the thesis in graduate work), 
for some practical knowledge of what is required in 
industrial or commercial plants and laboratories— 
knowledge that is usually quite remote from the 
presentations in our lagging textbooks! Such a 
course should fix for the student the need for inde- 
pendent thinking, and the importance of observing 
facts and interpreting results; it should also cover 
the use of the technical literature and library facili- 
ties so that baccalaureate graduates may be fitted for 
some of the underpaid library posts in which expen- 
sively trained Ph.D.’s are now stagnating. 

So much for training the chemist in his own subject. 
But because he must nowadays be so much more than a 
chemist, the major work must be soundly supplemented, 
not only by mathematics and other sciences, which 
are frequently so necessary for intelligent chemical 
work, but also by languages and by several other sub- 
jects which too often slip from sight because they are 
boxed up under “‘Arts,”’ ‘Business,’ ‘“Pedagogy,’’ etc. 
Of these required subjects, which can be comfortably 
staggered throughout the four-years’ course: eco- 
nomics is important for the knowledge it gives of world 
conditions; business law (including a few lectures on 
the law of chemical patents), so that the chemist will 
know how to take care of himself and protect his own 
rights; logic and philosophy, for training the reasoning 
powers; principles of teaching, for learning how to 
handle those that may one day be under his charge; 
and above all, psychology (either educational or business 
psychology), for what it teaches of human behavior. 
This last will always be useful, even if it is just stored 
up against a remote day when the chemist will have 
to deal with a wife—or husband—and his own children. 
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Of utmost importance is the dire need for the study 
of English. ‘Language should serve to express our 
thoughts, not to obscure our meaning,” yet how often 
the really painful oral and written expression of ac- 
cepted authorities on technical subjects shows the poor 
judgment in omitting English composition from the 
required courses in the science curriculum! Un- 
fortunately, many students carry over from high 
school a cordial dislike for English, with its daily 
themes and its slavish memorizing of long, deadly 
passages from long-dead authors, and they conse- 
quently drop all thought of it as soon as they can 
complete their required chores as college freshmen. 
Too bad; because if it is only started properly in high 
school a definite and mutually beneficial correlation 
can be established between the science courses and the 
work of the English classes in description, narration, 
and especially exposition. 

Correct scientific English is the most exact English 
that anyone can use; next comes the English of 
business. Specialized courses in technical writing 
are offered by very few colleges, but it does seem as if 
any good teacher of expositional writing could give 
science students what they need to know of form and 
expression, with emphasis on abstracts, outlines, and 
reports, which are especially needed. Training in 
English should be both oral and written, for immediate 
self-defense and as insurance for the future, so that 
the chemist can always tell the world what he knows 
and what he can do, and help himself out of the obscure 
plant or laboratory jobs into important positions with 
industrial corporations, banks, investment houses, 
and other places where chemically trained executives 
are valuable assets. 

Once the student has the basis of good technical 
English, he should treasure it as one of his most precious 
instruments of precision, keep it always clean and 
polished to perfection, and have it always ready for 
use at a moment’s notice. Many are the pitiful cases 
of aspirants to higher degrees, whose badly written 
theses nearly deprived them of their coveted prize. 
It is unfortunate that usually only the editors of the 
scientific and technical journals know just how bad 
technical writing can be, because if more chemistry 
teachers had to supervise their students’ writing on 
technical subjects they would surely—out of love and 
respect for their own subject—unite in a loud shout for 
more and better training in English. 

Of the foreign languages, French and German are 
still the most important. Recent national develop- 
ments make Italian and Spanish useful in certain 
fields, but, in general, anything of real value in other 
languages sooner or later finds its way into English, 
French, or German. Many students, however, find 
themselves sadly disillusioned when they attempt to 
tackle technical papers on the strength of having 
“had a course’ in French or German. Except in 


patent work, French presents few technical difficulties, 
but scientific German is almost a distinct language, 
and it is unfortunate that it seems to have disappeared 
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from most of the college and university catalogs. 
Anyone that wants to claim a good knowledge of 
scientific German needs one year of elementary Ger- 
man and an additional course in the technical lan- 
guage. 

Such an almost-perfect course for undergraduate 
students should equip them to face the world with 
confidence that they can find a niche and make good 
somewhere. Anything else that they like and want to 
include should be considered as well thrown in—a 
little more history, literature, cultural subjects, even a 
little Latin, for its value in etymology—but the basic 
courses mentioned here are practically the minimum 
for efficient production later. 

And after college, what? The idea has long been 
current that the study of chemistry leads to only two 
outlets: teaching (meaning secondary schools or 
colleges) and “chemistry’—a vague, amorphous con- 
cept that has something to do with puttering about a 
plant or laboratory. Each year, hordes of young 
graduates, bristling with new degrees, are foisted on the 
world, only to learn that the market for academic 
teachers is saturated, and that the abandoning or 
curtailing of research by the major industries has put 
laboratory work in the prohibitively competitive class. 
Bewildered, they turn to “business” (about which 
they frequently know less than nothing) only to find 
that business turns a cold and fishy eye on mere “‘educa- 
tion by degrees.” If they can afford it, they settle 
down to some graceful idleness, ‘‘waiting for something 
to turn up’; if not, they take a job at anything, and 
at any pittance that will keep body and soul together. 

What an appalling waste of time, energy, and educa- 
tion! There is where lies the greatest need for pre- 
arranged vocational guidance. There lies the cause of 
the crowded days and sleepless nights of the hard- 
worked vocational counselors and personnel agents, 
who try to fit persons to jobs, and who have to discard 
the persons by the dozens because for this particular 
job one should have studied that particular course. 

If the colleges would only learn a lesson from all this 
chaos, and if, during the next few years, undergraduate 
curricula for chemistry majors could be broadened as 
suggested here to fit them for a wider field of activity, 
it would be an excellent idea to turn all bachelor grad- 
uates out to work for two or three years at something 
before allowing them to register for graduate work. 
Young men and women with such training and back- 
ground are certainly potential chemists, and if they 
can only be made to think of themselves as chemists, 
regardless of where or how they are utilizing their 
chemical knowledge, they will soon acquire the fixed 
point of view and the professional consciousness that 
are the indubitable earmarks of the members of other 
professions. 

The best results of so radical a departure from present 
procedure would be to give bachelor graduates some 
sense of economic values and proportion, and an oppor- 
tunity to put their chemical education to some practical 
use before what they cram into their heads during an 
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undergraduate course is swamped by the over-special- 
ized requirements for a post-graduate degree. Too 
much study, too long continued often has a rather 
anesthetizing effect. Many persons are constitu- 
tionally unfitted for research work. It makes them 
introspective, morose, unsocial, and hypersensitive, 
frequently develops an inferiority complex, and usually 
gives an exaggerated value to mere book knowledge, 
which makes them feel like martyrs when, as inevitably 
happens, their later earnings are but a pitifully small 
return on their investment in education. 

The first question in the business world is, not ‘“What 
do you know?” but “What can you do?” Many do 
not learn until too late that, regardless of how many 
degrees he has, the world does not consider a man edu- 
cated if he cannot write a decent, literate letter, stand 
up and discuss at least his own subject intelligently 
and intelligibly, or if he has no cultural background, 
no knowledge of world affairs, or finally, of the actual 
facts of living. Turning the bachelor graduates out 
to find out just what they can do and what they are 
worth will give them an entirely different perspective 
on graduate work, will help them to find a practical 
problem worthy of sound research, and will send them 
to the universities not just for courses in concentrated 
chemistry, for which there may be no demand, but for 
necessary and useful work in the schools of medicine, 
law, business administration, journalism, commerce, 
and finance, as well as in other branches of science 
where a thorough knowledge of chemistry is valuable, if 
not essential. 

A similar period of probation in business or industry 
should also be required of those that expect to teach. 
It would give them the point of view that they are 
chemists who happen to be teaching, instead of units 
lost to sight among the hundreds of thousands of pro- 
fessional teachers; and it would certainly enable them 
to present their subject in a far more practical manner 
to the future chemists that they, in turn, hope to turn 
out. The really great value of such outside experience 
is best appreciated now by those that were snatched 
from teaching and catapulted into industrial work 
during the war. Many never returned to teaching but 
those who did certainly brought back more than they 
had taken away. Surely it will not be necessary to 
wait for another war to bring these benefits home to 
future generations of teachers and students! 

The teaching of chemistry in the secondary schools, 
of course, requires work in pedagogy, and in methods 
of teaching chosen subjects, and many good teachers, 
so trained, can be successfully set to teach practically 
anything that they themselves understand. In college 
teaching, however, where the possession of a graduate 
degree—preferably a Ph.D. is practically a sine qua non 
there would seem to be many more persons occupying 
teachers’ desks than are actually instructing the students 
before them. 

This Ph.D.-fetish in educational circles has placed 
post-graduate work in the ranks of a wholesale business 
in this country, although it has been freely admitted 
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that the acquisition of this degree—unless it is definitely 
associated with pedagogy—does not guarantee to make 
a person a better or even a good teacher. On the 
contrary, the extra years of study may simply mean 
that the person knows how to do some one thing better 
than anyone else; and the time devoted to the re- 
search may only have made him or her less suited for 
contact with younger minds. No; the key to success- 
ful teaching is the ability to impart one’s knowledge—to 
educate by bringing out as well as stuffing, and those 
blessed with this gift are good teachers, with or without 
a higher degree. No number of higher degrees can 
enkindle this divine spark in those that innately lack 
it; and many, and often unflattering, are the remarks of 
students in later years as they think back and classify 
those to whom they once looked for wisdom. 

With economic conditions as they are, and com- 
munities of all sizes unable to pay their school teachers, 
there ought to be a moratorium on training schools 
until some of the present incompetents and undesir- 
ables are weeded out and some of those on the long 
waiting lists have a chance to show what they can do. 
Teaching positions are still available—good positions 
in science and mathematics—but many have strings 
on them. The applicant must know how to coach 
football, or dramatics, or some other intra-mural or 
extra-curricular activities that may have been omitted 
from his own education. The director of a first-class 
teachers’ agency recently deplored the fact that he 
cannot find enough well-rounded A.B.’s, while he has on 
file a surfeit of Ph.D.’s that he cannot place because 
their training was too narrow. 

Teaching need not be confined to academic schools. 
Those with genuine ability can find many congenial 
and lucrative positions in various branches of commerce 
and industry, for the technical education of demon- 
strators, salespeople, and others in the use of household 
appliances, foods, cosmetics, etc. And for this kind 
of teaching, the personal equation—the ability to mix 
well with all kinds of people, to share knowledge without 
being patronizing—means more than a whole kite-tail 
of letters after one’s name. 

This field offers a particularly good opportunity for 
women chemists because of their usual skill in handling 
apparatus. If they have the specialized writing ability, 
both men and women are called on for sales manuals, 
trade textbooks, radio talks, editorial work, collabora- 
tion and ‘‘ghost-writing,” and all phases of advertising, 
selling, and publicity. In these last, particularly ad- 
vertising, the accomplishments of women in research 
and copy-writing clearly show their value in such 
fields as foods, dietetics, child hygiene, dyes, textiles, 
pharmaceuticals, cosmetics, perfumes, beauty culture, 
etc., where “the woman angle’’ is really needed. 

The opportunities for women chemists could well be 
the subject of a separate paper. Briefly, every girl 
chemist nowadays should know stenography and typ- 
ing, because the entering wedge to many good positions 
is as a technical secretary—some man’s “extra brains.” 
Even if they like it and show particular aptitude for it, 
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girl chemists should be steered away from metallurgy, 
and from other branches where, during the war, it was 
an asset to be considered ‘‘just as good as a man.” 
And another warning should be sounded—in fact, an- 
other moratorium should be declared—on training for 
hospital laboratory work. The available institutions 
and private enterprises or individuals cannot possibly 
utilize the services of these poor misguided girls whose 
college course in chemistry was planned as if it could 
lead only to medicine. Such a sad state of affairs 
harks back to the days of Paracelsus, who hoped to 
make chemistry the handmaid of medicine; but since 
chemistry is now practically the mistress of medicine, 
as it is of industry, such a notion is out of step with 
present-day conditions and possibilities. 

Both men and women, who really prefer laboratory 
work, can find places in the testing laboratories and 
institutes maintained by various periodicals, mail- 
order houses, factories, department stores, public 
utility companies, etc.. These constitute a strong 
medium for sound public relations and public good, 
and there ought to be more of them. 

For both men and women, the worst cul de sac for 
chemically trained graduates is in commercial library 
work. Everyone is familiar with the advertisements 
seeking a “young Ph.D., broad knowledge of inorganic 
and organic chemistry, fluent knowledge of French and 
German, able abstractor and translator.” The salary 
offered is often an insult to the intelligence and educa- 
tion of anyone, but the young Ph.D. gladly accepts it, 
happy to have something coming in after so many 
years of paying out. Where the advertisement speci- 
fies ‘“‘woman preferred,” it usually means that the 
position pays less. The catch is that these libraries 
want those that are top-heavy with book knowl- 
edge (to which they attach no commercial value) and 
with little or no experience. There is little, if any, 
chance for advancement and if the library worker does 
not have the courage to break away, the chances of 
finding other, more lucrative, work later are almost in 
inverse ratio to the time spent in the library. 

This is the best reason for equipping bachelor gradu- 
ates with enough general knowledge to fill these posi- 
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tions. Who you are is not nearly so important as how 
much you can read. Turnover seems to cause little 
loss, and the evicted A.B.’s could well spend at least 
part of their time of probation in these libraries brows- 
ing over the entire field before they go on with graduate 
work, teaching, or whatever they choose. The flair 
for foreign languages—often the decoy—can often find a 
place with shipping companies, or foreign commercial 
houses here or abroad; but here, of course, in addition 
to chemical knowledge, the chemist needs to have 
foreign sympathies and understanding, and the grace 
of adaptability to foreign customs and peoples. 

As fast as they are brought to their attention, many 
of the existing placement bureaus try to establish 
contacts for their registrants. Others, unfortunately, 
do no promotion whatever; they merely collect data 
from applicants and wait for calls to come in from those 
that need assistants—a passive method that is dis- 
couragingly slow in operation and accomplishment. 
All agencies are unanimous, however, in expressing 
the need for versatility, and ready—or acquirable— 
adaptability to other kinds of work as the means of 
utilizing a chemical education. 

The presentation of this paper, although it has been 
planned for some time, was held for a fall meeting in 
the hope that some of you might take back to your 
students at the beginning of the school year these help- 
ful thoughts for their future. It will have been worth 
while if only a few of your students have the oppor- 
tunity to salvage some time, even in their senior year. 
Do try to acquire the viewpoint that you are chemists 
who happen to be teaching, and that those you train 
in chemistry are going out to be chemists, regardless of 
where or how they place their knowledge! And then 
teach them that the study of chemistry does something 
to the mind that makes a chemist all the better able to 
utilize other talents; that the practice of chemistry 
means infinitely more than sitting on a high stool, 
squinting cross-eyed at something in a test-tube; and 
that their chemical education should be used, not as an 
end in itself, but as the invaluable means ‘to success 
in any field of work in which your schools can help them 
to find a place. 





THE TEACHER’S VOW 


I will see the good in all pupils and lead them on to higher attainments. 


I will be patient and forbearing, confident in the belief that kindness and generosity will ultimately triumph. 


I will scorn error, deceit, and all forms of falsehood, persistently foregoing sarcasm and injustice. 


I will claim all nature as my heritage and spend a portion of each day quietly in God’s open air. 


I will hold daily communion with my own soul. 


I will accept my remuneration, however small, without envy, complaint, or discouragement, never forgetting that a teacher is a leader 
into the higher life, and not merely a wage earner. 


I will work each day in unshaken assurance that peace and power come in full measure to all who are ready for the truth. 


Lyman C. NEwE Lt (1915) 


(Reproduced by courtesy of D. C. Heath and Company) 
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DISCOVERY 
of NITROGEN’ 


MARY ELVIRA WEEKS 


The University of Kansas, Lawrence, Kansas 


Although the statement that nitrogen was discovered 
in 1772 by Daniel Rutherford appears in most histories 
of chemistry, this Scottish scientist has remained almost 
unknown to chemists. Nevertheless, the life story and 
personal character of Dr. Rutherford emerge from the 
correspondence of his distinguished nephew, Sir Walter 
Scott, in a most pleasing manner. Both Dr. Rutherford 
and his father served as physicians to the Scott family, and 
the great novelist’s allusions to them combine admiration, 
sincere affection, and pardonable family pride. 

Dr. Rutherford served as professor of botany at the 
University of Edinburgh from 1786 to 1819, and was 
thus contemporary with Joseph Black, Charles Hope, and 
John Robison. He invented an ingenious maximum 
and minimum thermometer which is described in many 
modern textbooks of physics. The tragic circumstances 
surrounding his sudden death were described by Sir 
Walter in numerous letters to members of his family. 

In his doctor's thesis Rutherford made a clear distinc- 
tion between nitrogen and carbon dioxide which most of 
his contemporaries had failed to observe. Sir Henry 
Cavendish, however, had made this distinction somewhat 
earlier, but had failed to publish his results. The names 
of Priestley and Scheele are also intimately connected 
with the discovery of nitrogen. 


+~++ oe + + 


HE correspondence of Sir Walter Scott, his family 

genealogy, and the ten-volume biography by his 

son-in-law, J. G. Lockhart, contain frequent al- 
lusions to Scott’s grandfather, Dr. John Rutherford, 
one of the founders of the medical school at the Uni- 
versity of Edinburgh, and to his uncle, Dr. Daniel 
Rutherford, who is usually regarded as the discoverer 
of the element nitrogen. In the genealogy of the Scott 
family one may read: 


‘ 





* Presented before the Division of History of Chemistry at the 
Washington meeting of the American Chemical Society, March 
28, 1933. 


DANIEL RUTHERFORD 
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From Ramsay’s 
“The Gases of the Atmosphere”’ 


DANIEL RUTHERFORD, 1749-1819 

Scottish physician, botanist, and 
chemist. Discoverer of nitrogen. Pro- 
fessor of botany at Edinburgh. Presi- 
dent of the Royal College of Physicians 
of Edinburgh. 


By his first wife, Jean Swinton, Professor John Rutherford had 
a son, John, who died young, and a daughter Anne, who married{ 
Walter Scott, Bart. He married, secondly, on the 9th August, 
1743, Anne M’Kay, by whom he had five sons and three daugh- 
ters... Daniel Rutherford, second son of Professor John Ruther- 
ford, was born on 8rd November, 1749. Prosecuting medical 
studies at the University of Edinburgh, he early discovered the 
existence of a gaseous fluid, now known as nitrogen gas. . .! 


Sir Walter Scott gave some of the same facts in the 
following passage from his autobiography: 


In [April, 1758] my father married Anne Rutherford, eldest 
daughter of Dr. John Rutherford, professor of medicine in the 
University of Edinburgh. He was one of those pupils of Boer- 
haave to whom the school of medicine in our northern metropolis 
owes its rise, and a man distinguished for professional talent, 
for lively wit, and for literary acquirements. Dr. Rutherford 
was twice married. His first wife, of whom my mother is the 
sole surviving child, was a daughter of Sir John Swinton of 
Swinton, a family which produced,many distinguished warriors 
during the middle ages, and which, for antiquity and honourable 
alliances, may rank with any in Britain. My grandfather’s 
second wife was Miss Mackay, by whom he had a second family, 
of whom are now [1808] alive, Dr. Daniel Rutherford, professor 
of botany in the University of Edinburgh, and Misses Janet and 
Christian Rutherford, amiable and accomplished women. . .? 


As might be expected, the Rutherfords, both father 
and son, served as physicians to the Scott family. 
When Sir Walter was only eighteen months old, his 
right leg became paralyzed, and, after the best physi- 
cians had failed in their attempts to restore the use of 
it, his grandfather, Dr. John Rutherford, had him sent 


t A facsimile of the marriage contract is to be found in ref. '4. 

1 Rocers, C., “Genealogical memoirs of the family of Sir 
Walter Scott, Bart. of Abbotsford,” Roy. Historical Soc., Lon- 
don, 1877, pp. lv—lviii. 

2 Locxnart, J. G., ““Memoirs of the life of Sir Walter Scott,” 
Adam & Charles Black, Edinburgh, 1862, vol. 1, p. 14. 
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to live in the country.** During a serious illness in 
later life, Scott ‘submitted without a murmur to the 
severe discipline prescribed by his affectionate physi- 
cian [Dr. Daniel Rutherford]... ’’® 

John Rutherford was born in the Manse of Yarrow, 
Scotland on August 1, 1695, was educated at the gram- 
mar school at Selkirk, and studied anatomy, surgery, 
and materia medica in London and later in Leyden 
under Boerhaave. After receiving his medical degree 
from the University of Rheims in 1719, he went to 
Edinburgh to engage in private practice. In Novem- 
ber, 1724, he applied, with three other members of the 
College of Physicians, for the keeping of the college 
garden, which had fallen into disuse. With the consent 
of the town council, the four physicians raised medicinal 
plants there and, in order to prepare drugs for the 
apothecaries’ shops, set up a chemical laboratory at their 
own expense. Two years later Dr. Rutherford was ap- 
pointed Professor of the Practice of Medicine in the 
medical school which he had helped to found. He used 
Boerhaave’s ‘‘Aphorismi de Cognoscendis et Curandis 
Morbis” as a textbook, and for many years delivered 
clinical lectures in the Edinburgh Infirmary. He re- 
signed in 1765, and died in 1779 at the age of eighty- 
four years.®7 

















Courtesy F. B. Dains 
HERMANN BOERHAAVE, 1668-1738 
Dutch physician, anatomist, chemist, and botanist. 
The Edinburgh Medical School was founded by pupils 
of Boerhaave while he was still in his prime. John 
Rutherford, father of Daniel Rutherford, was one of 
his devoted disciples. 





3 LocKHaRT, ref. 2, vol. 1, pp. 19-21. 

4 “Catalogue of the Scott Centenary Exhibition,’’ Edinburgh 
University Press, Edinburgh, 1872, p. 149. 

§ Locxwarrt, ref. 2, vol. 1, p. 178. 

6 Rocers, ref. 1, p. lii. 

7 GRANT, Str ALEXANDER, ‘“‘The story of the University of 
Edinburgh during its first three hundred years,’’ Longmans, 
Green & Co., London, 1884, vol. 1, pp. 308-15. 





JouRNAL OF CHEMICAL EDUCATION 


According to Florence MacCunn, both Sir Walter 
Scott and his mother inherited their ‘homely features 
and look of good-tempered shrewdness” from ‘‘old Dr. 
Rutherford, whose homely, heavy, sensible face hangs in 
the rooms of the Edinburgh College of Physicians.’’* 

According to Lockhart, Dr. Daniel Rutherford ‘‘in- 
herited much of the general accomplishments, as well 
as the professional reputation, of his father.”® He was 
keenly interested in the classics, in English literature, 
and in mathematics, and his graduation thesis, like 
that of his celebrated professor, Dr. Joseph Black, 
clearly revealed the existence of a new gas. Just as 
Black’s dissertation, ‘“‘De humore acido a cibis orto, et 
magnesia alba,”’* published on June 11, 1754, had con- 
tained the discovery of carbon dioxide, Rutherford’s 
thesis, “‘Dissertatio inauguralis de aere, fixo dicto aut 
mephitico,’t dated September “12, 1772, made clear the 
existence of nitrogen (phlogisticated air) as distinct 
from carbon dioxide (fixed air). 

Although Stephen Hales had prepared nitrogen by 
absorbing the oxygen from a confined volume of atmos- 
pheric air, he had failed to recognize it as a new sub- 
stance.!° Sir Henry Cavendish was evidently the first 
person to distinguish nitrogen from other kinds of suf- 
focating incombustible gases, but he had failed to pub- 
lish his results. In a paper marked in his handwriting 
“communicated to Dr. Priestley,” he had written: 


I am not certain what it is which Dr. P[riestley] means by 
mephitic air, though from some circumstances I guess that what 
he speaks of . . . was that to which Dr. Black has given the name 
of fixed air. The natural meaning of mephitic air is any air which 
suffocates animals (& this is what Dr. Priestley seems to mean by 
the words), but in all probability there are many kinds of air 
which possess this property. I am sure there are 2, namely, 
fixed air, & common air in which candles have burnt, or which has 
passed thro’ the fire. Air which has passed thro’ a charcoal fire 
contains a great deal of fixed air, which is generated from the 
charcoal, but it consists principally of common air, which has 
suffered a change in its nature from the fire. As I formerly made 
an experiment on this subject, which seems to contain some new 
circumstances, I will here set it down. 

I transferd some common air out of one receiver through burn- 
ing charcoal into a 2nd receiver by means of a bent pipe, the 
middle of which was filled with powdered charcoal & heated red 
hot, both receivers being inverted into vessels of water, & the 
2nd receiver being full of water, so that no air could get into it 
but what came out of the first receiver & passed through the 
charcoal. The quant. air driven out of the first receiver was 180 
oz. measures, that driven into the 2nd receiver was 190 oz. meas- 
ures. In order to see whether any of this was fixed air, some sope 
leys was mixed with the water in the bason, into which the mouth 
of this 2nd receiver was immersed; it was thereby reduced to 166 
oz.,** so that 24 oz. meas. were absorbed by the sope leys, all of 
which we may conclude to be fixed air produced from the charcoal; 
therefore 14 oz. of common air were absorbed by the fumes of the 





8 MacCunn, “Sir Walter Scott’s friends,’? Wm. Blackwood & 
Sons, Edinburgh and London, 1910, p. 12. 

® Locxnart, ref. 2, vol. 1, p. 188. 

* The acid arising from food, and magnesia alba. 

+ Inaugural dissertation on the air called fixed or mephitic. 

10 CLARK-KENNEDY, “Stephen Hales, D.D., F.R.S.,’’ Univer- 
sity Press, Cambridge, 1929, pp. 101-10. 

** The number 168}given in the British Association Reports is 
evidently a misprint. 
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Srk WALTER Scott, 1771-1832 


Scottish novelist and poet. His writings contain 
many interesting allusions to his uncle, Dr. Daniel 
Rutherford. Scott’s circle of friends included Dr. 
William Hyde Wollaston, Sir David Brewster, Dr. 
John Davy, Sir Humphry Davy, and Joseph Black. 


burning charcoal, agreeable to what Dr. Hales and others have 
observed, that all burning bodies absorb air. . . !! 


With characteristic thoroughness Cavendish had 
passed the 166 ounces of residual air back again through 
fresh burning charcoal into another receiver. After 
another treatment with the soap lye there remained 
162 ounces of a gas which he described as follows: 


The specific gravity of this air was found to differ very little 
from that of common air; of the two it seemed rather lighter. It 
extinguished flame, & rendered common air unfit for making 
bodies burn, in the same manner as fixed air, but in a less de- 
gree... .¥ 


In a paper read before the Royal Society in March, 
1772 (six months before Dr. Rutherford’s thesis was 
published), Priestley mentioned these experiments, 
but failed to record Cavendish’s clear interpretation of 
them. 


The Honourable Mr. Cavendish favoured me [said he] with an 
account of some experiments of his, in which a quantity of com- 
mon air was reduced from 180 to 162 ounce measures, by passing 
through a red-hot iron tube filled with the dust of charcoal. This 
diminution he ascribed to such a destruction of common air as 
Dr. Hales imagined to be the consequence of burning. Mr. 
Cavendish also observed, that there had been a generation of 
fixed air in this process, but that it was absorbed by sope leys.!* 





1 Harcourt, ‘Presidential address,” Brit. Assoc. Reports, 
9, 3-68 (Aug., 1839). A reprint of Cavendish’s paper on nitrogen 
is included. 

12 PRIESTLEY, ‘‘Observations on different kinds of air,’’ Phil. 
Trans., 62, 147-256 (1772). Read Mar. 5, 12, 19, 26 (1772). 
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In the same paper Priestley stated: 


Air thus diminished by the fumes of burning charcoal not only 
extinguishes flame, but is in the highest degree noxious to ani- 
mals; it makes no effervescence with nitrous air, and is incapable 
of being diminished any farther by the fumes of more charcoal, 
by a mixture of iron filings and brimstone, or by any other cause 
of the diminution of air that I am acquainted with. This ob- 
servation, which respects all other kinds of diminished air, proves 
that Dr. Hales was mistaken in his notion of the absorption of 
air in those circumstances in which he observed it. For he sup- 
posed that the remainder was, in all cases, of the same nature 
with that which had been absorbed, and that the operation of 
the same cause would not have failed to produce a farther diminu- 
tion; whereas all my observations not only shew that air, which 
has once been fully diminished by any cause whatever, is not only 
incapable of any farther diminution, either from the same or 
from any other cause, but that it has likewise acquired new prop- 
erties, most remarkably different from those which it had before, 
and that they are, in a great measure, the same in all the cases. . . .!2 


Priestley also observed that “‘lime-water never be- 
came turbid by the calcination of metals over it,’’ and 
that “when this process was made in quicksilver, the 
air was diminished only one-fifth; and upon water 
being admitted to it, no more was absorbed.’’'*? He 
stated that this “air in which candles, or brimstone, 
had burned out . . . is rather lighter than common air.” 
Thus Priestley recognized, even at this early date, some 
of the most important properties of the gas now known 
as nitrogen. 

The only copy of Rutherford’s thesis which Sir Wil- 
liam Ramsay was able to find is in the British Museum. 
Although Ramsay stated in the first edition of ‘““The 
Gases of the Atmosphere” that this dissertation ‘‘pre- 
cedes Priestley’s and Scheele’s writings by a year or 
two,” he corrected this in the second edition to read: 
‘“. . . Priestley had nearly anticipated Rutherford; 
and indeed, he speculated on the nature of the residual 
gas, left after combustion and absorption of the fixed 
air produced.””"* Although Rutherford referred in his 
thesis to Priestley’s experiments on the effect of vegeta- 
tion on the atmosphere, he was evidently unfamiliar 
with those on nitrogen.'*!5 

Dr. Black had noticed that when a carbonaceous sub- 
stance is burned in air in such a manner that the fixed air 
can be absorbed in caustic alkali, a portion of the air 
remains. He had therefore assigned to his student, 
Daniel Rutherford, the investigation of this residual air 
in partial fulfilment of the requirements for the degree 
of doctor of medicine. 

The dissertation begins with an appropriate quota- 
tion from Lucretius and a review of the researches of 
Black and of Cavendish on fixed air. Rutherford then 
described his own experiments in which he had found 
that a mouse, left in a confined volume of atmospheric 
air until it died, had consumed one-tenth of the air, 
and that treatment of the remaining air with alkali had 
caused it to lose one-eleventh of its volume. He found 





13 RamSAY, ‘“‘The gases of the atmosphere,’”’ Ist ed., Macmillan 
& Co., London, 1896, p. 62; tbid., 2nd ed., 1915, p. 63. 

14 Leg, “Dictionary of national biography,’”’ The Macmillan 
Co., New York City, 1897, vol. 50, pp. 5-6. Article on Daniel 
Rutherford by B. B. Woodward. 

18 Ramsay, ref. 13, 2nd ed., pp. 62-8. 
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From Gentleman’s Magazine, 1799 


STEPHEN HALEs, 1677-1761 


British clergyman, biologist, chemist, and inventor. 
His most important researches were on blood pressure, 
circulation of sap, respiration, and ventilation. 


that the residual air extinguished the flame of a candle 
and that lighted tinder would continue to glow in it 
for only a short time. He also discovered that air 
depleted by passage over ignited charcoal is identical 
with air vitiated by respiration. When he burned a 
metal, phosphorus, or sulfur in the atmosphere, how- 
ever, he found that the residual gas contained no 
mephitic air [carbon dioxide], but that it had undergone 
“a singular change.’ 

After burning a candle or suffocating a mouse in a 
confined volume of air, and absorbing the resulting 
fixed air, or carbon dioxide, in caustic alkali, Rutherford 
concluded from careful study of the residual gas that 


.. healthy and pure air by being respired, not only becomes partly 
mephitic [poisonous], but also suffers another change in its na- 
ture. For after all mephitic air [carbon dioxide] is separated and 
removed from it by means of a caustic lixivium, that which re- 
mains does not thence become more healthful; for although it 
makes no precipitate of lime from water, yet it extinguishes fire 
and life no less than before.'® 


Rutherford also believed that ‘‘pure air is not con- 
verted into mephitic air by force of combustion, but 
that this air rather takes its rise or is thrown out from 
body thus resolved.” !® He concluded, in other words, 
“that that unwholesome air is composed of atmospheric 
air in union with, and, so to say, saturated with, phlo- 
giston.’’!® After pointing out the distinction between 
this ‘“‘unwholesome air,’’ the air evolved by the action 
of acids on metals, and the air from decaying flesh, 


16 GrAnrt, ref, 7, vol. 2, pp. 382-4. 
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Rutherford added that he was unable to state with 
certainty anything regarding the composition of the 
new mephitic air nor to explain its inability to support 
life. He believed, however, that it was possibly gene- 
rated from the food, and expelled as a waste product 
from the blood by means of the lungs."* 


Certain experiments [said he] appear to show . . . that it con- 
sists of atmospheric air in union with phlogistic material: for it 
is never produced except from bodies which abound in inflam- 
mable parts; the phlogiston ever appears to be taken up by other 
bodies, and is hence of value in reducing the calces of metals. I 
say from phlogistic material, because as already mentioned, pure 
phlogiston, in combination with common air, can be seen to 
yield another kind of air [hydrogen]. . .15 


Rutherford regarded nitrogen as incombustible “‘phlo- 
gisticated air,” and hydrogen as another kind of phlo- 
gisticated air produced by the union of pure phlogiston 
with atmospheric air.'® 

Sir William Ramsay believed that Rutherford ‘“‘may 
well be credited with the discovery of nitrogen’ and 
that his thesis on mephitic air “‘was an advance, though 
not a great one, in the development of the theory of the 
true nature of air.’”"'5 B.B. Woodward believed, how- 
ever, that ‘‘all the facts and views recorded by Ruther- 
ford are to be found in Priestley’s memoir published 
in the Philosophical Transactions for 1772 (p. 230 et 
passim), and read six months before the publication 
of Rutherford’s tract; but Priestley’s exposition is less 
methodical and precise.’’'* Both Rutherford and 
Priestley believed the new gas to be atmospheric air 
saturated with phlogiston, and neither of them re- 
garded it as an element.’ 

In his “Lectures on the Elements of Chemistry,”’ 
Dr. Joseph Black made the following statement about 
the discovery of nitrogen: 


Scarcely inferior to vital air in importance is the faul air of 
Dr. Scheele, which I mentioned on the same occasion, as that 
noxious portion of atmospherical air which remains when the 
vital air has been absorbed by the hepar sulphuris [product of 
heating potassium carbonate with sulfur].!7__I must here observe, 
that this portion of our atmosphere was first observed in 1772 
by my colleague Dr. Rutherford, and published by him in his 
inaugural dissertation. He had then discovered that we were 
mistaken in supposing that all noxious air was the fixed air which 
I had discovered. He says, that after this has been removed by 
caustic alkali or lime, a very large proportion of the air remains, 
which extinguishes life and flame in an instant. Soon after this 
Dr. Priestley met with this noxious air, which was produced in 
a variety of experiments, in which bodies were burned, or putre- 
fied, or thickened in certain cases, or metals calcined, or minerals 
effloresced, &c.&c. In all these cases, he thought that he had 
reason to believe that phlogiston had quitted the substances under 
consideration—had combined with the air,—and had thus viti- 
ated it. Now saturated with phlogiston, the air could take no 
more, and therefore extinguished flame. He called all these proc- 
esses phlogisticating processes, and the air thus tainted phlogisti- 
cated air.'8 


According to Dr. Black, it was Scheele who proved 
that the diminution of bulk which accompanied the 


17 SCHEELE, “‘Nachgelassene Briefe und Aufzeichnungen,”’ 
Nordenskiéld edition, P. A. Norstedt & Séner, Stockholm, 1892, 
p. 80. Letter of Scheele to J. G. Gahn, Nov., 1775. 

18 BLACK, JOSEPH, “Lectures on the elements of chemistry,” 
Wm. Creech, Edinburgh, 1803, vol. 2, pp. 105-8. 








‘ 























Fesruary, 1934 


vitiation of the air by these combustion processes 


...Was Owing to a real abstraction of all the vital air which the 
atmospheric air contained. For when any of these ‘‘phlogisticat- 
ing processes” of Dr. Priestley were performed in vital air, it was 
totally absorbed.!® The remainder therefore, when the experi- 
ment was made in common air, was considered by him as a primi- 
tive air, unchanged in its properties. He called it faul atr, which 
may mean either rotten air, because it is produced in vast abun- 
dance by putrefying bodies, or simply foul air, 1. e., tainted oc- 
casionally, when the phlogiston is more than will saturate the 
vital air. 


Dr. Black also mentioned Berthollet’s preparation of 
nitrogen by pouring nitric acid on fresh muscle fiber and 
Fourcroy’s discovery of this gas in the swimming blad- 
ders of carp, bream, and other fish.2° He said that, 
although the discoverers of the element had called it 
by various names—phlogisticated, foul, or mephitic, 
air, or choke-damp (Stickstoff)—the name nitrogen had 
been suggested by ‘“‘Mr. Chaptal and other chemists of 
the first rank,’ after Cavendish had prepared niter by 
sparking the new gas with oxygen in presence of caustic 
potash.*4_ The French name azote was suggested by 
Lavoisier because of the inability of the gas to support 
life.' 2% 23 24 Although Lavoisier®® had mentioned 
nitrogen in his list of elements, Sir Humphry Davy 
doubted its elementary nature as late as 1808-09 and 
attempted to decompose it.”® 

After his graduation, young Dr. Rutherford studied 
in Paris, Italy, and London for three years before re- 
turning to Edinburgh to practice medicine. During his 
stay in Paris, he declined an invitation to a party at 
which Prince Charles Edward was expected, saying 
that, out of respect for the honor of a fallen house, he 
wished to avoid the spectacle of seeing the prince intoxi- 
cated.! , 

Since Max Speter?’ has pointed out that John Mayow 
in his “Tvractatus Quinque’”’ anticipated Lavoisier’* in 
the belief that all acids contain oxygen, it is interesting 
to know that Dr. Rutherford also made the same error. 





'9 DopBin, “The collected papers of Carl Wilhelm Scheele,” 
G. Bell & Sons, London, 1931, pp. 116-7. 

20 Fourcroy, “‘Recherches pour servir a l’histoire du gaz azote 
ou de la mofette, comme principe des matiéres animales,”’ 
Ann. chim. phys., (1), 1, 40-7 (1795); “Observations sur le gaz 
azote contenu dans la vessie natatoire de la carpe; & deux nou- 
veaux procédés pour obtenir ce gaz,” zbid., [1], 1, 47-51 (1795). 

21 Alembic Club Reprint No. 3, ‘‘Experiments on air. Papers 
published in the Philosophical Transactions by the Honourable 
Henry Cavendish, F.R.S.,” Wm. F. Clay, Edinburgh, 1893, 
pp. 39-52; Cavenpisn, Phil. Trans., 75, 372-84 (1785). Read 
June 2, 1785. 

22 BLACK, ref. 18, vol. 1, pp. 395-6. 

23 BLACK, ref. 18, vol. 1, p. lv. 

24 “Oeuvres de Lavoisier,’’ Imprimerie Impériale, Paris, 1864, 
vol. 1, p. 63; ‘‘Nitrogen and phosphorus. Classic of science,” 
Sci. News Letter, 22, 102-4 (Aug. 18, 1932). 

25 ‘Oeuvres de Lavoisier,” ref. 24, vol. 1, pp. 135-7. 

26 Davy, H., “The Bakerian Lecture. An account of some 
new analytical researches on the nature of certain bodies,” 
Phil. Trans., 99, 55-6, 103-4 (1809). Read Dec. 15, 1808. 

27 SPETER, ‘‘John Mayow und das Schicksal seiner Lehren,’’ 
Chem.-Ztg., 34, 947, 953 (Sept. 8 and Sept. 10, 1910); Alembic 
Club Reprint No. 17, University of Chicago Press, Chicago, IIl., 
1908, pp. 31-2. Translation of Mayow’s ‘‘Tractatus Quinque 
Medico-Physict.”’ 

28 ‘Oeuvres de Lavoisier,’’ ref. 24, vol. 1, p. 57; zbid., vol. 2, 
pp. 248-60. Paper read Nov. 23,1779. Presented Sept. 5, 1777. 








105 


A note by John Robison in his edition of Black’s ‘‘Lec- 
tures on the Elements of Chemistry’? reads as follows: 


I cannot omit mentioning in this place, that my colleague, Dr. 
Daniel Rutherford read, in the year 1775, to the Philosophical 
Society of Edinburgh, a dissertation on nitre and nitrous acid, 
in which this doctrine is more than hinted at or surmised. Bya 
series of judiciously contrived experiments, he obtained a great 
quantity of vital air from nitric acid; about one-third of that 
quantity from the sulphuric acid, as contained in alum; and a 
small quantity (and this very variable and uncertain) from the 
muriatic acid. The manner in which it came off from the com- 
pounds, in various circumstances, led him to think that the dif- 
ferent quantities obtained did not arise from the different pro- 
portions in which it was contained in those acids, but merely in 
the different forces with which it was retained. He therefore 
concluded that vital air was contained in all acids, and thought it 
likely that it was a necessary ingredient of an acid; and seeing 
that it was the only substance found, as yet, in them all, he 
thought it not unlikely that it was by this that they were acid, 
and he points out a course of experiments which seems adapted 
to the decision of this question. I was appointed to make a re- 
port on this dissertation; and I recollect stating as an objection 
to Dr. Rutherford’s opinion, “that it would lay him under the 
necessity of supposing that vitriolic acid was a compound of 








From Kay’s Portraits 


Joun Hope, 1725-1786 


Predecessor of Daniel Rutherford as professor of botany 
and materia medica at the University of Edinburgh. Dr. 
Hope had the plants in the Botanical Garden arranged 
according to the Linnean system. In the above por- 
trait he is shown instructing one of the workmen. His 
son, Thomas Charles Hope (1766-1844), was Rutherford’s 
contemporary as professor of chemistry at Edinburgh. 
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sulphur and vitalair,”’ 
which I could not but 
think an absurdity. 
So near were we at 
that time to the 
knowledge of the na- 
ture of the acids!?9 


Mayow’s “Trac- 
tatus Quinque’’ was 
published in 1674, 
Dr. Rutherford’s 
communication 
was read in 1775, 
and Lavoisier’s 
statement that 
oxygen is an es- 
sential constituent 
of all acids is con- 








information, his 
style was beautiful, 
and his pronunciation 
pure and_= scarcely 
Scotch #4 


Because of heredi- 
tary gout, Dr. 
Rutherford was 
unable to take his 
botany students 
on field trips, and 
Sir R. Christison 
thought that that 
important duty 
ought to have 
been entrusted to 
the head gar- 





tained in a paper dener.*! 
read on November I. B. Balfour 
23, 1779. From Ray’s Portraits also thought it 


In 1786 Ruther- 
ford was ap- 
pointed successor 
to John Hope, the 
professor of 
botany at the Uni- 
versity of Edin- 
burgh, and in the same year he was married to Harriet 
Mitchelson of Middleton.' With pardonable family 
pride, Sir Walter Scott once said that Dr. Rutherford 
“ought to have had the chemistry class, as he was one 
of the best chemists in Europe; but superior interest 
assigned it to another, who, though a neat experimental- 
ist, is not to be compared to poor Daniel for originality 
of genius. . . °° Bower’s “History of the University 
of Edinburgh’ states that the discovery of nitrogen 
“entitles Rutherford to rank very high among the chemi- 
cal philosophers of modern times’’ and that ‘‘the repu- 
tation of his discovery being speedily spread through 
Europe, his character as a chemist of the first eminence 
was firmly established, and much was augured from a 
young man in his twenty-second year having distin- 
guished himself so remarkably.’’*° 

Sir R. Christison, one of Dr. Rutherford’s botany 
students, said, on the other hand, 


firmly grounded in “the strontian.” 


Tradition had it in my student years that he was disappointed 
at not being made assistant and successor to Black in 1795, 
when that office was given to Dr. Charles Hope; and he again, 
son of the botanical predecessor of Rutherford, was said to have 
preferred to step into his own father’s University shoes than into 
those of Dr. Black. However that may have been, Hope highly 
distinguished himself in his Chemical Chair; while Rutherford, 
in that of Botany, which he filled for thirty-four years, always 
seemed to lecture with a grudge, and never contributed a single 
investigation to the progress of the science which he taught... 
His lectures, however, were extremely clear, and full of condensed 





2 Brack, ref. 18, vol. 2, p. 213 (note 6) and p. 732. 
30 Locxuart, ref. 3, vol. 6, pp. 157-9. (Letter of Sir W. S. 


to his son, Cornet Walter Scott); Bower, “History of the Uni- 
versity of Edinburgh,” 1830, vol. 3, pp. 260-1. 
Lockhart. 


Quoted by 


CARTOON SHOWING A CONTROVERSY IN 1817 OVER THE FOUNDING OF A CHAIR 
oF COMPARATIVE ANATOMY 


The candidate, Dr. Barclay, is shown astride the elephant’s skeleton. 


opponent, Dr. Thomas Charles Hope (center foregound), has his anchor 
This is an allusion to the research in 


which he distinguished between baryta and strontia 
entrance to the old College of Edinburgh. 


strange that Dr. 
Rutherford should 
have been chosen 
to teach botany, 
and stated in the 
““Makersof British 
Botany” that 
“Rutherford was a chemist, and I have not discovered 
in any references to him expressions that he was at this 
period of his life interested in plants otherwise than as 
objects for his experiments in relation to the chemistry 
of the atmosphere.’’*? Nevertheless the botanical garden 
developed under Rutherford’s administration into one 
of the best in the world, and the plants of Scotland were 
carefully recorded by the head gardeners.** 

Dr. Rutherford was a fellow of the Philosophical 
(later the Royal) Society of Edinburgh, and contributed 
to its Transactions a description of a thermometer for 
reading maximum and minimum temperatures.** *4 
The portion of the instrument designed for reading mini- 
mum temperatures is a horizontal tube filled with alco- 
hol in which is immersed a small glass rod with a knob 
at each end. As long as the temperature keeps falling, 
the concave surface tension film of the alcohol drags 
this little rod back with it, but when the temperature 
rises, the expanding alcohol moves past the rod, leaving 
it stationary. The portion of the thermometer used for 
reading maximum temperatures consists of a horizontal 
tube containing a thread of mercury which pushes a 
small bar of iron ahead of it as long as the temperature 


His 


The scene is laid at the 





31 GRANT, ref. 7, vol. 2, pp. 382-4. 

32 OLIvER, F. W., ‘‘Makers of British botany,’’ Cambridge 
University Press, Cambridge, 1913, pp. 290-1. Chapter by 
I. B. Balfour on ‘‘A sketch of the professors of botany in Edin- 
burgh from 1670 until 1887.” 

33 POGGENDORFF, ‘“Biographisch-Literarisches Handwérter- 
buch der exakten Wissenschaften,’’ Verlag Chemie, Leipzig, 
1863-1926, vol. 2, p. 726. Article on Daniel Rutherford. 

34 Epser, “Heat for advanced students,’”’ Macmillan & Co., 
London, 1911, pp. 18-9; GLazEBROOK, ‘“‘Heat,’’ Cambridge 
University Press, Cambridge, 1914, p. 25; Preston, “Theory 
of heat,”’ 2nd ed., Macmillan & Co., London, 1904, p. 113. 
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keeps rising.*4 Dr. Rutherford also made experiments 
to improve the air pump.** 

He published an octavo volume called ‘‘Characteres 
Generum Plantarum,” and collaborated with James 
Hamilton and James Gregory in writing ‘‘A Guide for 
Gentlemen studying Medicine at the University of Edin- 
burgh.” '* He was a member of the Linnean Society 
and of the Aesculapian, Harveian, and Gymnastic 
Clubs. "4 

Dr. and Mrs. Rutherford had two sons and three 
daughters, but in 1805 the elder son, John, a boy of 
seventeen, was lost in the shipwreck of an East India- 
man commanded by John Wordsworth, a brother of 
the famous poet. After his words of sympathy to 
Wordsworth, Scott wrote, ‘ ... The same dreadful 
catastrophe deprived me of a near relation, a delightful 
and promising youth, the hope and pride of his parents. 
He had just obtained a cadetship, and parted from us 
all in the ardor of youthful hope and expectation, leav- 
ing his father (a brother of my mother) almost heart- 
broken at his departure. . .”*° Fourteen years later 
Scott said, when writing to his son at the time of Dr. 
Rutherford’s death, ‘Since you knew him, his health 
was broken and his spirits dejected, which may be 
traced to the loss of his eldest son. . . .’’%° 

Scott’s correspondence with his aunt, Miss Christian 
Rutherford, shows that he found in his uncle’s family 
‘““ |, , more than one kind and strenuous encourager of 
his early literary tastes.” Nevertheless, his youthful 
habit of reading at breakfast often brought forth good- 
natured protest from the doctor.° 

In December, 1819, Scott suffered the tragic loss of 
three of his nearest relatives within scarcely more than 
a week.2936 On the twelfth, his mother, who had 
been in excellent health and spirits in spite of her ad- 
vanced age of eighty-seven years, was suddenly stricken 
with such a severe attack of paralysis that Dr. Daniel 
Rutherford felt certain that she could not live more 
than a few days. 


But [said Scott in a letter to his brother in Canada], “‘this 
heavy calamity was only the commencement of our family 
losses. Dr. [Daniel] Rutherford, who had seemed perfectly well 
and had visited my mother upon Tuesday the fourteenth, was 
suddenly affected with gout in his stomach, or some disease 
equally rapid, on Wednesday the fifteenth, and without a mo- 
ment’s warning or complaint, fell down a dead man, almost 


38 DoucLas, Davin, “Familiar letters of Sir Walter Scott,” 
Houghton Mifflin Co., Boston, 1894, vol. 1, p. 27. 

36 Locxuarr, ref. 2, vol. 6, pp. 160-1; Douctas, ref. 34, vol. 
2, pp. 66 and 69-70. (Letters of Sir Walter Scott to Wm. Laid- 
law, to J. B. Morritt, and to Joanna Baillie.) 
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without a single groan. You are aware of his fondness for 
animals; he was just stroking his cat after eating his breakfast, 
as usual, when, without more warning than a half-uttered ex- 
clamation, he sunk on the ground, and died in the arms of his 
daughter Anne. Though the Doctor had no formed complaint, 
yet I have thought him looking poorly for some months; and 
though there was no failure whatever in intellect, or anything 
which approached it, yet his memory was not so good, and I 
thought he paused during the last time he attended me, and had 
difficulty in recollecting the precise terms of his recipe. Cer- 
tainly there was a great decay of outward strength. 

We were very anxious about the effect this fatal news was 
likely to produce on the mind and decayed health of our aunt, 
Miss C. Rutherford, and resolved, as her health had been gradu-. 
ally falling off ever since she returned from Abbotsford, that she 
should never learn anything of it until it was impossible to con- 
ceal it longer. But God had so ordained it that she was never to 
know the loss she had sustained, and which she would have felt 
so deeply. On Friday the 17th December, the second day after 
her brother’s death, she expired, without a groan and without 
suffering, about six in the morning. . . It is a most uncommon 
and afflicting circumstance, that a brother and two sisters should 
be taken ill the same day—that two of them should die without 
any rational possibility of the survivance of the third—and that 
no one of the three could be affected by learning the loss of the 
other. The Doctor was buried on Monday 20th, and Miss 
Rutherford this day (Wednesday 22nd), in the burial-place ad- 
joining to and surrounding one of the new Episcopal chapels 
(St. John’s Chapel], where Robert Rutherford [son to the profes- 
sor of botany] had purchased burial-ground of some extent... 
and in this new place I intend to lay our poor mother when the 
scene shall close. . .37 


Scott once paid the following tribute to his uncle: 
“Dr. Rutherford was a very ingenious as well as an 
excellent man, more of a gentleman than his profession 
too often are, for he could not take the back-stairs 
mode of rising in it, otherwise he might have been 
much more wealthy ...”%° This kindly Scottish phy- 
sician is remembered today for his maximum and mini- 
mum thermometer and for the brilliant research in 
which he clearly distinguished between carbon dioxide 
and nitrogen.** 5° 

















RUTHERFORD’S MAXIMUM AND MINIMUM THERMOMETER 
a...Index of minimum thermometer. 
m...Index of maximum thermometer. 


(Letter of Sir Walter to 





37 T,OCKHART, ref. 2, vol. 6, pp. 164-8. 
his brother, Thomas Scott.) 

388 WEEKS, ‘‘The discovery of the elements. IV. Three im- 
portant gases,” J. CHEM. Epuc., 9, 219-21 (Feb., 1932). 

39 “DAN RUTHERFORD iiber die mephitische Luft,” Crells’ 
Neuesten Entdeckungen in der Chemie, Weygandsche Buchhand- 
lung, Leipzig, 1784, vol. 12, pp. 187-96. 











CLASS EXERCISES in the 
INDUSTRIAL CHEMISTRY COURSE 


KENNETH A. KOBE 


University of Washington, Seattle, Washington 


V. Specifications 


gi ET the buyer beware,’’ was a pointed admonition 

until the buyer devised specifications and tests 

for his purchases. . ‘‘Specifications are the formu- 
lated, definite and complete statements of what the buyer 
requires of the seller’’ is the definition given by Herbert 
Hoover.”° All large organizations now employ specifi- 
cations for the purchase of their commodities. Russel 
Forbes”! describes the large savings that have resulted 


from the formulation of specifications by governmental ” 


agencies. This allows all bidders to know exactly 
what is expected of their product and usually the man- 
ner in which the tests will be made to insure that the 
product complies with the specifications. Great strides 
have been made since the War Industries Board began 
its work of simplification and standardization; work 
now being carried on by the Bureau of Standards and 
the Federal Specifications Board. 

The obvious importance of this work requires that 
the industrial chemist know the value of this work and 
the sources to which he may turn either for the formula- 
tion of specifications, or to secure methods of testing 
the product submitted under such specifications. A 
short exercise given to students in the industrial chem- 
istry course will familiarize them with the various 
sources of specifications. 


THE ASSIGNMENT 


The individual student is assigned one two, or more 
specifications for substances requiring cheiical testing. 
Some such materials are: 

1. Raw linseed oil 9. 
2. Basic carbonate white lead 10. 
3. Plastic magnesia cement Ml. 
4. Fire clay 12. Tung oil 

5. Safety matches 13. Lithopone 

6. Rubber stoppers 14. Caustic soda 

7. Orange shellac 15. Gum turpentine 

8. Perilla oil 16. Rubber bands 

To familiarize the student with the various sources, he 
is assigned two specifications which require resort to 
separate sources. Each student is also asked to list the 
various available bibliographies of specifications. 


Soda ash 
Washing soda 
Trisodium phosphate, tech. 


LITERATURE SOURCES 
The work of the American Society for Testing Ma- 
terials on the formulation of specifications and espe- 
cially the methods used for the tests is a common source 
of information used for engineering materials. Specifica- 


20 HERBERT Hoover, Foreword in the ‘‘National Directory of 


Commodity Specifications,” 1925. 
21 ForBEs, ‘‘Governmental purchasing,” 1929, Harper’s. 
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tions are of two kinds, standard and tentative, the latter 
undergoing a period of trial and further test until finally 
accepted as standard specifications. The standard 
specifications are issued triennially while tentative 
specifications are issued annually. Some of the various 
groups have been collected and issued separately; e. g., 
those for petroleum products and lubricants.” 

The American Standards Association is a federation of 
thirty-nine national bodies and serves as a clearing house 
for the standardization activities of organized industry. 

The U. S. Bureau of Standards has done a great deal 
of work in drawing up specifications used by the Govern- 
ment and in various industries. Its series of U. S. Gov- 
ernment Master Specifications, Simplified Practice 
Recommendations, and Commercial Standards cover 
a wide range of commodities and industries. One 
complete bibliography** and several sets of standards 
for individual industries have been issued.*4 The 
Federal Specifications Board list all specifications for 
government purchases in the Federal Standard Stock 
Catalog.?® Various separate departments, as Army 
Branches,”* and Navy?’ have their own specifications. 


CONCLUSIONS 


Since the purpose of this exercise is to familiarize the 
student with sources of specifications, it is advisable 
that the exercise be given early in the course. The 
student will then be capable of consulting these sources 
at frequent intervals in connection with other exercises. 
Laboratory reports may require specifications for ma- 
terials prepared as development projects. Reports of 
analysis may require specifications and reference to 
the standard methods of analysis for the material. 
Such repetition will give the student the habit of seek- 
ing official sources for specifications and methods of 
testing. 


22 AMERICAN SOCIETY OF TESTING MATERIALS, ‘Report of 
Committee D-2 on petroleum products and lubricants,” 1932. 

23 “National directory of commodity specifications,” Bureau of 
Standards, M-130, Government Printing Office, 1932. 

24 “Standards and specifications in the wood using industries,”’ 
Bureau of Standards, M-79, Government Printing Office, 1927. 

% “Standards and specifications for non-metallic minerals and 
their products,’’ Bureau of Standards, M-110, Government 
Printing Office, 1927. 

“Federal standard stock catalog, section IV, federal speci- 
fications to Nov. 1, 1932,’’ Government Printing Office. 

2% “‘Materials and process specifications, U. S. Army, as used 
by the air corps,’’ Bull. 23, Chief of Materials Division, Wright 
Field, Dayton, Ohio. Aug. 10, 1932. Government Printing 
Office. 

2% “Index to specifications used by Navy Department for 
naval stores and material,’’ Bureau of Supplies and Accounts, 
Oct. 1, 1932, Government Printing Office. 
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VI. Transportation of a Chemical 


The shipment of chemicals in interstate commerce 
is surrounded by various regulations for the safety of 
employees and safe carriage of the package. It is 
essential that the industrial chemist know of the exist- 
ence of these regulations and where he may find the 
necessary information concerning some material he 
may wish to ship. 


THE ASSIGNMENT 


The student is asked to summarize the information 
on carriers, packaging and marking concerning the 
transportation of a chemical in interstate commerce. 
The usual bibliography is also given with the report. 
A list of chemicals that may be used for class assignment 
is given. 


. Nitrocellulose 

. Acetyl chloride 
. Formic acid 

. Acetylene 

. Ethylene oxide 
. Chloropicrin 

. Diethyl ether 

3}. Carbon disulfide 


. Chlorine 

. Phosphorus 
Hydrocyanic acid 
Acetic acid 

Sulfur monochloride 
. Nitrostarch 

. Picric acid 

. Sulfur dioxide 


ONO mR whe 


LITERATURE SOURCES 


The student will immediately turn to the Interstate 
Commerce Commission publication*® ‘Regulations for 
the Transportation of Explosives and Other Dangerous 
Articles by Freight and Express and in Baggage Service, 


Including Specifications for Shipping Containers.” 
Here he will find all of the regulations surrounding the 
packaging, labeling, and shipping of the various chemi- 
cals. Too many students stop at this point with the 
idea of a completed search. If the chemical is to be 
shipped by boat there may be additional regulations”® 
which must be observed. The Post Office Department 
has provided regulations*®® under which chemicals may 
be sent by mail. Technical articles dealing with the 
utilization of new chemical products may give informa- 
tion concerning the transportation of the chemical. 


CONCLUSIONS 


Since the object of this exercise is to familiarize the 
student with the sources of information, his report 
need not be lengthy. A summary of three or four typed 
pages will reduce the lengthy regulations to the essen- 
tials. Like the report on specifications, it is desirable 
that this assignment be given early in the course so 
that the student can use this information in other 
reports. 


% INTERSTATE COMMERCE COMMISSION, ‘‘Regulations for 
transportation by rail of explosives and other dangerous articles 
by freight and express, and in baggage service, including specifica- 
tions for shipping containers,’ Government Printing Office, 
(October 1, 1930). 

29 BUREAU OF NAVIGATION, U.S. Dept. oF COMMERCE, ‘‘Navi- 
— laws of the United States for 1931,’’ Government Printing 

ce. 

30 Post OFFICE DEPARTMENT, “‘Postal laws and regulations,” 
Government Printing Office, 1932. 





EVALUATING UNKNOWNS 
in QUALITATIVE ANALYSIS 


H. W. MARLOW 


Kansas State College of Agriculture and Applied Science, Manhattan, Kansas 


A basis for scoring a student's efforts in qualitative 
analysis is suggested. This gives the student credit for 
proving ions, and also groups, absent as well as present. 


++ ooo + 


STUDY of bases for grading unknowns in quali- 
tative analysis shows that many teachers grade 
upon the report of the number of cations and 

anions actually present. Apparently, no importance 
has been attached to the greater number of cations and 
anions in such a system that were necessarily proved 
absent. Since it involves as much labor‘and time on 
the part of the student definitely to prove an ion ab- 
sent as it does to prove one present, the evaluation 


of those absent should be comparable to those present. 
For example, if a student has two cations and one anion 
present in his unknown solution and fails to report 
one of them, his grade based upon his actual findings 
and not including his write-up, is approximately 67%. 
This report leaves 19 cations and 14 anions to be proved 
absent, for which he receives no credit? With this 
injustice in mind, the author decided to see if a fair and 
comparable evaluation could be made on the basis of 
the number present and the number absent. In con- 
sultation with other members of the chemistry depart- 
ment here, who were teaching this work, a value was 
placed upon each unknown in our list. 

In order to make the system clear the facts as used in 
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our scheme of analysis can be applied to a problem. 
Five groups of cations and three of anions were recog- 


nized. 


Groups of cations i om W V 
No. of members tested for 

in each 3 5 6 3 4 
Groups of anions I f GI 
No. of members tested for 

in each 9 4 Z 


Groups V of the cations and III of the anions have no 
group tests and hence each member is evaluated sepa- 
rately and each must be tested for separately. 

The values assigned are based on these facts: when a 
group test is possible, a value of one is given for proving 
the group absent. If a group is present, no value is 
given for the group test, but value is given according to 
the number of ions tested for in that group. For ex- 
ample, Groups I, II, III, and IV of the cations and 
Groups I and II of the anions are given values of 3, 5, 6, 
3, 9, and 4, respectively. Groups V of the cations and 
III of the anions have values of 4 and 2, respectively, 
since there is no group test and each member must be 
identified separately. 

With these values in mind, let us cite an example. 
Suppose an unknown contained HglIz and KAI(SO,)s, 
we may evaluate in this way: 


Anions 
Group I 
Group II 
Group III 


Total value is 34. 
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Condition 


Present 
Present 
Present 





Value 
9 
4 
2 


15 


If calcium is not reported and strontium is, the value 


of the cation would be 19 — 6 = 13. 


If carbonates 


and chlorides are not reported, the value of the anions 
would be 15 — 6 = 9, ora total credit of 22, or 22/34 = 


65%. Under the older system there would be a total 
of 9 to be tested for and the marking would be 5/9 = 
55%. 
A third example will suffice. The unknown contains 
AgNO; and AgC2H3Oz. 
Cations Condition Value 
Group I Present 3 
Group II Absent 1 
Group III Absent 1 
Group IV Absent 1 
Group V Absent 4 
10 
Anions Condition Value 
Group I Absent 1 
Group II Absent 1 
Group III Present 2 
4 


Total value is 14. 


If nitrate is not reported a value of 14 — 3 = 11, or 


11/14 = 79%. 





Cations Condition Value 
Group I Absent 1 
Group II Present 5 
Group III Present 6 
Group IV Absent 1 
Group V Present 4 

(4 tests) 17 

Anions Condition Value 
Group I Present 9 
Group II Present 4 
Group III Absent 2 

(2 tests) 15 


Total value of the unknown is 32. 


For each ion present and reported absent and for each 
absent and reported present, a discount of three is 
made from the grand total of the unknown. Suppose 
K was not reported, the evaluation would be 32 — 3 = 
29, or 29/32 = 94%. Under the older system, since 
there is a total of 3 cations and 2 anions (5 in all) to be 
reported upon, the value would be (if K is not reported) 
5 — 1 = 4,or4/5 = 80%. 

The write-up, which is given to the instructor at the 
conclusion of the work on an unknown, shows the steps 
by which the student eliminated or proved present 
groups and the ions in any group. 

Another éxample: Suppose the unknown is ZnCOs, 
Bi(NOs)2, CaCle, and KCr(SOx)2. 


Cations Condition Value 
Group I Absent i 
Group II Present 5 
Group III Present 6 
Group IV Present 3 
Group V Present 4 

19 





The experience of previous years indicated that ap- 
proximately 100 points represented a semester’s work 
for the average student. If more work is completed, 
extra credit is given. 

Compared with the older method, this system appears 
to have the following advantages: 


1. It gives the student credit for proving the ab- 
sence of many ions, as well as proving the presence of a 
few. 

2. It is adaptable to any scheme of qualitative 
analysis with any number of cations and anions, and 
with any number of groups, because it sets up proper 
values for the groups and the group numbers. 

3. At the discretion of the instructor it may be re- 
cast so as to give more credit for the more difficult 
tests of each group and its members, the values being 
commensurate with the labor and time involved. 

4. Finally, it enables the teacher to assign impar- 
tially to each student a set of unknowns that involves 
the same amount of work during the semester, and 
hence furnishes the teacher with a comparable basis for 
evaluating the work of each student. 

This system which is used for our second-semester 
freshmen students in the General Science Division, has 
been in operation each semester and summer school for 
seven years. It is giving satisfaction to both instructor 
and students. Students are naturally curious about 
the value attached to an unknown and the reason for 
such evaluation. An explanation by the instructor 
invariably meets with hearty approval as it seems fair 
to give credit for proving ions absent as well as present. 





The STORY of ZINC. 


IV" 


H. R. HANLEY{ 


School of Mines and Metallurgy, University of Missouri, Rolla, Missouri 


This instalment, which is the fourth and conciuding 
one in ‘‘The Story of Zinc,”’ embraces the electrothermic 
distillation and also the electric smelting method of pro- 
duction. In the former process, the roasted ore and re- 
ducing carbon are formed into briquettes. These bri- 
quettes are then subjected to reduction by heat produced by 
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THE ELECTROTHERMIC DRY-DISTILLATION PROCESS 


HE ELECTROTHERMIC dry-distillation proc- 

ess was developed by Dr. C. H. Fulton and has 

been fully described in the technical press (38). 
The essential features of the process are published in the 
Engineering & Mining Journal. The process includes 
the briquetting of a mixture of roasted concentrate, 
coal, and hard pitch. The briquettes are then sub- 
jected to primary reduction in a separate furnace, 
heated by means of hot residue-briquettes. The 
residue-briquettes contain practically no zinc but retain 
their original form. After the primary reduction, the 
hot briquettes are assembled between the terminal 
electrodes of an electric circuit and constitute a resistor 
which may be heated to any desirable temperature 
like a lamp filament in an electric light bulb. An elec- 
tric distillation furnace was built in East St. Louis, 
Illinois, and treated a briquetted charge of approxi- 
mately 3200 Ib., consisting of twelve columns of three 
briquettes each. The dimensions of these briquettes 
were 9'/,” in diameter and 21” high. 


The energy is applied directly to the charge and is not trans- 
mitted to it through walls of refractory material as is done in the 
retort process. This feature permits an approach to the theo- 
retical energy consumption. The energy consumption at the 
East St. Louis experimental plant was approximately 1500 
kw.-hr./ton of concentrate (39). 


The process is applicable to the high-grade ores and 
concentrates now used in the retort process and to com- 
plex ores containing iron, lead, silver, and copper. 

The costs of construction and operation of a plant 
based on any process under present conditions serves 
no useful purpose but a statement of characteristics 
inherent in a particular process conveys information of 
interest. The characteristics of this process may be 
summarized as follows: 


(1) Large-scale units mechanically operated as in the 
metallurgy of other common metals. 
(2) Low labor cost, mainly unskilled. 


A 
* Part I appeared in the October, 1933, issue; Part II in No- 
vember, 1933; Part III in January, 1934. 
{ Mining and metallurgical engineer, professor of metallurgy. 


the passage of an electric current through them. Large- 
scale condensers are necessary. The latter process (elec- 
tric smelting) encompasses many operations; namely, 
smelting to form metal matte and slag, distillation of the 
zinc as an impure metallic powder, and the beneficiation 
of the same into commercial zinc. 


++ + 
(3) 


(4) 
(5) 


Practically complete extraction of the zinc from 
the ore. 

High recovery of zinc—most of it as liquid metal. 
Low power-consumption, less than the electro- 
thermic smelting and less than the electrolytic 
process. 

Applicable to all types of ores. 

No regular consumption of fire clay; it can be 
built in small units in inaccessible places where 
electric power is available. 


(6) 
(7) 


Inasmuch as the primary reduction is performed in 
a separate furnace and because the charge is under prac- 
tically isothermal conditions, there should be little so- 
called blue powder, chemical or physical. This process 
awaits large-scale mechanization. 


THE ELECTRIC SMELTING PROCESS 


This process consists of heating roasted complex zinc 
ores by means of an electric current, passing through 
graphite electrodes immersed in the ore. The copper 
and some of the lead are tapped as molten products and 
the impurities are carried away in a slag that entrains 
but little zinc. The zinc and the remainder of the lead 
are distilled and enter a condenser that receives a 
mixture of these metals as metallic powder. The con- 
densate is introduced into an electrically heated re- 
volving cylinder from which ,air is excluded. The 
rotary motion induces friction between the surfaces of 
the myriads of oxide-coated metallic particles of zinc 
and lead with the result that a molten alloy is produced. 
The separation of the lead from the zinc is accomplished 
by liquation. This is the process of slowly heating 
an alloy placed on a sloping hearth to a temperature 
slightly above the melting point of the most easily 
fusible metal. The liquid metal then gravitates away 
from the metal having the higher melting point. The 
zinc produced by this process always has a lead content 
comparable to that of the zinc produced from leady 
zinc concentrates by the retort process. 

This process has been operated only in Sweden where 
hydroelectric power is lower in cost than elsewhere. 
It is not being operated on a commercial scale at the 
present time. 
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GRADES OF ZINC 


There are four commercial grades of zinc, the analy- 
ses of which are shown in Table 6. 


TABLE 6 


Tue FIGURES REPRESENT THE MAXIMUM PERCENTAGES OF IMPURITIES AL- 
LOWABLE IN EACH PARTICULAR GRADE 


Total 
Cd Fe Pb Cd, Fe, Pb Al All Others 
High grade® 0.07 0.03 0.07 0.10 pete 
Intermediate® 0.50 0.03 0.20 0.50 
Brass Special¢ 0.50 0.03 0.60 1.00 
Prime Western? 0.08 1.60 


@ and © Am. Soc. Test. Mat., Proc., Vol. XVI, pp. 583-9; Vol. XVII, pp. 


180-1 (1917). 
b and @ Am. Soc. Test. Mat., Proc., Vol. XI, pp. 147-9. 


High-grade zinc is produced from ores free from met- 
als which are volatilized at the reduction temperature of 
zine, or if volatilized, are not condensed at the condens- 
ing temperature of zinc. These ores are free from lead 
and cadmium. All zinc produced electrolytically is 
classified as high-grade zinc, some brands containing 
only 0.01% of impurity. 


USES OF ZINC 


There are four major uses of zinc: galvanizing which 
consumes 45% of the total production; brass, 25%; 
rolled zinc, 14%; and die casting, 7%. The balance 
is represented by zinc dust, pigment, wire cloth, etc. 

The uses of zinc in large quantities are not so diversi- 
fied as the major uses of copper and lead. The uses 
of copper and lead are such that certain percentages 
are returned to the market as secondary or scrap metal. 
When conditioned or refined, this competes with vir- 
gin metal. This is not true for the major uses of zinc 
and with the exception of rolled zinc, die castings and 
brasses, the zinc metal going into industrial uses does 
not reappear on the market as secondary metal. 

Galvanized steel sheets, now more properly termed 
“‘zinc-coated steel sheets,’’ formerly were subjected to 
uncertainties of trade, partly because of questionable 
coating practice and partly because of the use of paint 
as a substitute therefor. However, due to a vigorous 
and meritorious campaign inaugurated by the American 
Zinc Institute, these uncertainties have been relieved. 
The inimitable value of zinc-coated sheets when the 
coating amounts to 1°/, to 2 oz. per sq. ft. of surface 
has been demonstrated. A life of from twenty to thirty 
yeas is assured by the use of this weight of coating. 
Consequently a return of the buying power of the 
great consumer—the farmer—will materially stimulate 
the consumption of zinc. 

The process of galvanizing is adequately described 
in the bulletins of the American Zinc Institute and also 
in books on the subject by Bablik (40) and Imhoff (41). 
The essential preliminary step in either hot-dip or elec- 
tro-galvanizing is that of preparation of the steel sur- 
face. This preparation is accomplished by a process of 


pickling; namely, the dissolving of the surface oxide 
coating in acids and the prevention of tarnish prior to 
the application of the coating. Pure zinc is not suitable 
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for hot-dip galvanizing because of its high viscosity at 
the temperature employed. Lead is a common impur- 
ity in zinc used for this purpose. Aluminum has been 
used to the extent of 0.63% to lower the oxide content 
of the surface and to make thinner coatings. But since 
thin coatings are no longer desired in galvanizing, the 
the use of aluminum has declined. 

The galvanized surface of steel always shows a cover- 
ing of beautiful spangles. These are dependent 
upon the following features: (1) composition of the 
steel base, (2) rate of crystallization, (3) method of 
cooling. They are further influenced by two circum- 
stances, namely, the chemical composition of the outer 
coating and the length of time maintained at the tem- 
perature of the melting point. The addition of tin 
occasions very large spangles due to the maintenance 
of a larger crystallization interval. 

Zinc is also applied as a coating to irregularly shaped 
pieces of steel by a process of cementation, known as 
Sherardizing. The articles are packed in zinc dust in 
a drum, heated electrically to 400°C., and rotated for 
several hours. They take on a dull light-gray coat of 
zinc which increases in thickness with temperature 
and time of treatment. 

The Schoop Metallizing Process consists in spraying 
atomized zinc against steel with great force. The zinc 
in the form of a ribbon is conditioned by an oxygen- 
hydrogen blow-pipe flame, having an excess of hydro- 
gen. The theory of operation is that the heat set 
free by the impact of the metal upon the steel surface 
momentarily vaporizes the metal which then condenses 
and solidifies. 

The most important furnace method of producing 
zinc oxide is known as the Wetherill process. This 
consists of heating a mixture of reducing coal and 
roasted ore or natural oxide ore on a perforated grate. 
An air blast is forced up through the charge. The 
zinc oxide in the calcine is reduced to vapor which 
burns to a pure oxide in a combustion chamber. 
Thence the gas stream is delivered to a bag house where 
it is filtered, the zinc oxide collecting on the inside of 
the bags. This product alone, or mixed with lead pig- 
ment, is used extensively in paints. 

Zinc oxide is also used extensively in the manufac- 
ture of automobile tires which contain from 25% to 
55% of it. 

A large increase in the use of zinc has been occasioned 
by the die-casting industry. The manufacture by this 
method of mechanical devices composed of zinc alloys 
greatly diversifies its uses. Die-cast grease guns, car- 
buretor parts, ornamental hardware, supports, and 
light fixtures are produced with surfaces so smooth and 
accurate that no machining is necessary. Porosity 
has been an obstacle to the extended use of zinc but 
this disadvantage has been overcome by alloying with 
suitable metals. Such alloys containing copper, alumi- 
num, and magnesium are particularly well adapted for 
die casting. Hence in a period of six years, the zinc 
tonnage used in this way has increased from 2.1% to 
approximately 7% (42). 
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In this story of zinc it has been stated that the metal 
was first used in the alloyed form before it was known 
as a separate entity. Today we have the advantage 
of knowing zinc not only in the commercial form, in 
which it contains the customary limit of impurities, 
but also as an element of practically 100% purity. 
Our ever-increasing knowledge of metallography is 
a great potential factor and a stimulus in the develop- 
ment of new alloys—alloys possessing new properties 
of great usefulness. In one small division of its uses, 
namely, die castings, we observe a threefold increase in 
six years. It is probable that the full potentialities of 
this metal have not yet been realized and that we are 
approaching an alloy age in zinc which may further 
widen the diversification of its use. As this becomes 


113 


a reality, the 55% quota not used for galvanizing will 
be more in demand than at the present time. The 
properties of zinc not only shape its metallurgy, but 
are also associated with the factors that influence the 
selection of this metal for use. 
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Publishing Co., Cleveland, Ohio, 1929. 
(42) Massachusetts Institute of Technology, 
(April, 1933). 
(This instalment concludes the series.) 
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An OXY-HYDROGEN 
SOAP BUBBLE PIPE 


H. M. ULLMANN ano THOMAS H. HAZLEHURST, JR. 


Lehigh University, Bethlehem, Pennsylvania 


A CONVENIENT and striking method of demon- 
strating the lightness of hydrogen and the explosive 
nature of an oxygen-hydrogen mixture is to blow soap 
bubbles containing these gases. The danger of using 
the hydrogen-oxygen mixture is con- 
siderable if it is necessary to have a 
reservoir of the mixture as a source. 
Besides the obvious and greatest danger 
of igniting the bubble too soon and so 
allowing the flame to travel back 
through the pipe to the reservoir, there 
is the lesser danger of detonating the 
mixture in the reservoir by exploding a 
particularly large bubble. Both dangers 
may be avoided by using a soap bub- 
ble pipe with two inlet tubes, one ad- 
mitting hydrogen and the other oxygen. 

Such a pipe may be very simply con- 
structed from a test-tube, a cork, and 
two pieces of glass tubing. A two-inch 
section is cut from an ordinary 5” soft 
glass test-tube. The lip end of a test-tube is not the 
best shape for a bubble pipe but the other end of the 
section, well fire-polished, is satisfactory. A half-inch 
section of cork is cut to slide with some difficulty into 
the tube. Two pieces of small-bore glass tubing are 
inserted so that the ends are made flush with the 
surface of the cork. Small tubing is used to minimize 
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back diffusion. The cork is then pushed through the 
large tube until the face of it is not more than '/,” 
behind the bubble end of the pipe, as shown in the 
figure. The small-bore glass tubes are connected to 
sources of hydrogen and oxygen, respectively. Desk 
cylinders of the gases are very convenient sources. 

No mixing of the gases can occur except in the 1/,” 
space at the mouth of the pipe and this presents prac- 
tically no danger. The worst mishap possible is that 
the hydrogen may burn at the mouth of the small tube, 
and it may be readily extinguished by simply turning 
off the hydrogen before the heat of the flame can dam- 
age the pipe, wet as it is. : 

To get the proper mixture of hydrogen and oxygen 
(approximately 2 to 1) in order to obtain bubbles which 
explode with maximum violence three devices may be 
used. The first and simplest is to adjust the valves 
on the gas tanks by trial and error until the reports of 
the explosions of trial bubbles are as loud as possible. 
Instead of this, bubble tubes containing water or mer- 
cury may be inserted and the valves’ adjusted until 
approximately two bubbles of hydrogen pass in a given 
time for one bubble of oxygen. The most accurate 


method is, of course, to use flowmeters, but the demon- 
stration hardly warrants such complication of appa- 
ratus. 

The pipe as described has been used by freshman 
demonstrators without fire or accident. 











V. S. CULP, W. A. 








HIS report presents a list of books and magazines 
recommended for chemistry libraries. While 
the libraries of high schools were primarily in 
mind in preparing the report, many of the books 
listed are suitable for libraries in colleges and univer- 
sities and the list should be useful for these also. 


The list of books was prepared as follows: 


1. A study was made by the chairman of the com- 
mittee of the following book lists: Brown, Z., “‘Stand- 
ard catalog for high-school libraries,’ H. W. Wilson 
Co., pp. 46-7; Crane and Patterson, ‘‘Literature for 
chemistry,’ Wiley, 1927, pp. 353-411; Gere, Gunther, 
Hendricks, “The high-school chemistry library,’’ Sch. 
Sci. Math., 29, 861 (1929); Glenn, Darrow, Lockhart, 
“Chemistry references for students and _ teachers,”’ 
New York Chemistry Teachers Club; Hendrick, ‘‘The 
high-school chemistry library,” J. CHem. Epuc., 7, 
861 (1928); Wendt and Smith, ‘“Matter and energy,” 
Blakiston’s, 1930, pp. 325-7. From these lists a list of 
books was prepared covering all the fields of chemistry 
and closely allied sciences. The list was submitted to 
the committee for study and suggestions. 

2. The approved list was mimeographed and sent to 
fifty teachers of chemistry in high schools and colleges. 
These chemists were asked to suggest omissions and 
additions. Over twenty-five replies were received. 
From these criticisms a second list of books was pre- 
pared. 

3. The books were sorted into groups according to 
publishers and editors. A letter was sent to the pub- 
lishers. In the letter the books on the tentative list 
were listed by title and author, and the publishers were 
requested to have some one, either the author or some 
one competent, prepare a short statement of the 
features of the book which made it suitable to be in- 
cluded in a list of books to be recommended to high- 
school teachers and their students. 

The replies from the authors and publishers were 
sorted according to the sections of the list in which 
the Books occurred. The list was apportioned to the 
members of the committee. Using these replies, book 
reviews by reputable chemists, and studying most of 
the books themselves, the committee prepared a state- 


The future independence and progress of medicine in the age of chemistry. 
ABEL, J. J. AND OrHers. The Chemical Foundation, Inc., New York 
City, 1921, 80 pp., 50 cents. Stresses the need for intensive chemical re- 





* Presented to the Division of Chemical Education of the 
A. C. S. at the Chicago meeting, September 12, 1933. 
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ment of the features of each book which made it suit- 
able to be included in the final list. 

4. These statements were hectographed and copies 
of each section were sent to five authorities in that 


field (organic, teaching, etc.). The authorities were 
asked to criticize the list and make suggestions concern- 
ing omissions and additions. 

5. These criticisms were tabulated and referred to 
the individual members of the committee for approval. 
Using these data the final list of books was prepared. 

Undoubtedly many books have been omitted which 
people will consider might well have been included. 
There may be books on the list which should have been 
omitted, but it is felt that all possible precautions have 
been taken to secure trustworthy, representative lists 
from all fields of chemistry. 

The list contains many books which may seem too ad- 
vanced for high-school chemistry students. However, 
the list has been prepared both for teacher and pupil. 
Teachers need assistance as well as pupils. The chem- 
istry teacher may have specialized in physics or biology 
and may need to study certain phases of chemistry 
which have developed lately. He may not know what 
books to consult for information in a given field. 

There is no way to predict what an inspired high- 
school chemistry student may read. Some read with 
understanding college physical chemistries, organic 
chemistries, industrial chemistries, etc. If the high- 
school library has only popular books on chemistry the 
serious student quickly takes up some other subject 
which challenges him. High-school students can un- 
derstand about as much of wave mechanics as many 
chemists. They have fewer ancient ideas to prevent 
new connections. 

It is not suggested that any high-school library 
should buy all these books. But selections should be 
made from the various fields of chemistry so that in- 
formation will be available on a wide variety of chemi- 
cal topics. 

In the main, books of recent publication or review 
have been chosen. However, a few old books have 


been included because of special features or because of 
urgent recommendation by authorities. 
Rurus D. REEpD, Chairman 







search to alleviate human suffering. Advocates complete codperation of 
a staff of experts to make a determined attack on the problems of disease 
and health through intensive chemical and physical research combined with 
medical and biological study. 

Chemistry in modern life. ARRHENIUS, S. A. (trans. and rev. by C. S. 
LEONARD). D. Van Nostrand Co., New York City, 1925, 302 pp., $3.00 
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Chapters on: Ancient ideas about the constitution of matter; Groundwork 
of scientific chemistry; Fire, oxidation of matter; Tools and metals; Water 
and air; Sources of energy; Housekeeping with the treasures of nature. 

Stuff. Beery, P. G. D. Appleton & Co., New York City, 1930, 504 
pp., $5.00. Weaves man’s discoveries of useful materials into a somewhat 
chronological story. Begins with a prehistoric royal family in Egypt, and 
comes down to the present time, discussing the more important kinds of 
materials used by man and telling their history briefly. 

Gasoline, what everyone should know about it. Boyp, T. A. F. A. 
Stokes Co., New York City, 1925, 211 pp., $2.50. Discusses in non-tech- 
nical language the nature of gasoline, its source, the properties that dis- 
tinguish good gasoline from bad, and the efficient use of gasoline. 

Concerning the nature of things. Bracc, Sir Wiiam. Harper & 
Bros., New York City, 1925, 231 pp., $3.50. Deals with atomic structure. 

Chemistry in agriculture. CHAMBERLAIN, J. S. AND OTHERS. The Chemi- 
cal Foundation, Inc., New York City, 1926, 440 pp., $1.00. The chemical 
wonders of the soil, plant life, and food products are told in simple language. 
The sixteen chapters are written by authorities in the respective fields 
covered. Partial contents: Crops and soils; Cereals; Fruits and vegetables; 
Vitamins; Meat; Fermentation; Diet. 

Marvels of modern chemistry. CrarKg, B. L. Harper & Bros., New 
York City, 1932, 374 pp., $3.00. Intended for the intelligent layman. 
Presents in readable and systematic form the salient items of fact and theory 
that constitute the science of chemistry. Emphasis throughout is on the 
modern chemical viewpoint. : 

The boy chemist. Coxtins, A. F. Lothrop, Lee & Shepard Co., Boston, 
1924, 300 pp., $2.00. Simple experiments for young students to perform in 
home laboratories. Some chapter headings: What you need to experiment 
with; Experiments with oxygen, nitrogen, and carbon dioxide; The mystic 
metals—their alloys and amalgams; How to make photographs. 

Chemistry and civilization. Cusuman, A.S. E. P. Dutton & Co., New 
York City, 1925, 2nd ed., rev., 171 pp., $2.15. Chemistry in the service of 
man is the author’s theme. He endeavors to make the reader realize and 
appreciate the contributions of science to present civilization and fully ex- 
plains the significance of the achievements of early investigators. Interest- 
ing stories of important chemical industries—soda, sulfur, iron, etc. 

The story of chemistry. Darrow, F.L. Blue Ribbon Books, Inc., New 
York City, 1927, 496 pp., $1.00. Employs the historical approach in pre- 
senting theories and applications of chemistry more extensively than is 
possible in a secondary-school text. Recent developments in many fields 
and numerous applications have been particularly stressed. The value of 
research is specifically illustrated and emphasized. American progress in 
chemistry is outlined. 

Sevenironmen. DerKruir, P.H. Harcourt Brace Co., New York City, 
241 pp., $3.00. Discusses the work of the Merritts in the discovery and 
development of the iron deposits of the Mesabe Range near Duluth. The 
story is vividly told. 

Earth oil. Ectorr, G. Williams & Wilkins Co., Baltimore, 1933, 156 
pp., $1.00. Logical, narrative presentation from the layman’s point of view 
of the essentials of the petroleum industry. Some chapter headings: Geol- 
ogy and theories of oil origin; Refining; Uses of petroleum products; Oil 
resources. Well illustrated and readable. 

Fixation of atmospheric nitrogen. Ernst, F. A. D. Van Nostrand Co., 
New York City, 1928, 154 pp., $2.50. Discusses the development of the 
nitrogen industry in a thoroughly practical manner and in language under- 
standable to persons of limited chemical knowledge. Processes and equip- 
ment for fixation of atmospheric nitrogen are described with a minimum of 
technical phraseology. 

The chemical history of acandle. MicHAEL Farapay. King’s Treasuries 
of Literature Series, J. M. Dent, 10 Bedford St., London W.C.2, England. 
ls. This scientific classic was originally a series of lectures given before a 
juvenile audience at the Royal Institution, London, a century ago. Very 
clear illustrations help the reader to understand the points brought out in 
the lectures. 

The spirit of chemistry. FinpLtay, A. Longmans, Green & Co., New 
York City, 1930, 480 pp., $2.50. Designed as a basis for a general cultural 
course inchemistry. It makes an appeal to the imagination and intellectual 
interests of those who are not destined for a scientific career, but who desire 
to understand something of the intellectual progress of recent years and to 
gain some knowledge of a branch of science on which most of our present 
civilization is based. 

Popular research narratives. FLInn, A. D. AND OTHERS. Engineering 
Foundation, 29 W. 29th St., New York City, 1924-28, 3 vol., 457 pp., $1.50. 
Each volume contains fifty brief stories of research, invention, or discovery 
told by the men ‘“‘who did it.”’ 

Romance of chemistry. Foster, Wm. Century Co., New York City, 
1927, 468 pp., $3.00. The interest of a beginning student in high-school or 
college chemistry will be heightened by this vivid picture of the part played 
by principles, reactions, and elements he is encountering for the first time, 
in the processes of modern chemistry. 

Chemical warfare. Fries, A. A. anD West, C. J. McGraw-Hill Book 
Co., New York City, 1921, 445 pp., $3.50. A brief history of chemical war- 
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Intended for use as a textbook covering the funda- 


fare in the World War. 
mental facts of the subject for the Army, the Reserve Officers of the Na- 
tional Guard, and the civilian chemist. 

The science of radiology. GLasser, OTTo (editor). 


Charles C. Thomas, 
Springfield, I1l., 1933, 436 pp., $4.00. 35 chapters, 26 contributors. Author- 
ized by the American Congress of Radiology. Covers the outstanding 
features of the science from the time of Réntgen’s discovery to the first 
meeting of the American Congress of Radiology. Primarily of medical 
interest but the entire book has great popular, chemical, and physical in- 
terest. 108 illustrations; a copious bibliography follows each chapter. 

Discovery, the spirit and service of science. Grecory, R.A. Macmillan 
Co., New York City, 340 pp., $2.00. Embodies a view of science in its re- 
lation to education that is of utmost importance at the present moment 
So presented that the man who knows little science can at least understand 
the general argument and in following it is led to learn, almost without 
realizing it, a great deal of the subject matter of the various sciences. 

Amber to amperes. GREENWOOD, E. Harper & Bros., New York City, 
1931, 332 pp., $4.00. Readers will learn that electrical science, through this 
nomenclature, has paid tribute to some of its great names. Volta was the 
inventor of the so-called ‘Voltaic pile,”’ forerunner of the electrical battery; 
Watt devised the practical unit of electrical power, etc. 

Chemistry triumphant. Hate, Wm. Williams & Wilkins Co., Balti- 
more, 1932, 151 pp., $1.00. Discusses the revolution now being effected by 
the replacement on a large scale of nature’s products by chemical adapta- 
tions. Now the value of natural products is determined by the worth of 
their chemical constituents. Many predictions are made as to the trend of 
developments when once science is fully utilized. 

Industrial explorers. HoLtLanp, M. Harper & Bros., New York City, 
1928, 347 pp., $3.00. An entertaining record of the struggles and achieve- 
ments of obscure men who ultimately “‘arrived.’’ The significance of their 
work to industry and to the comfort of humanity. Details interestingly 
pictured. 

Chemistry in industry. Howe, H. E. (editor). The Chemical Founda- 
tion, Inc., New York City, 1924-25, 2 vols., 802 pp., $2.00. Forty-three 
authorities tell in non-technical style how chemistry is applied in their in- 
dustries. Not intended as texts. 

Chemistry and the home. Howe, H. E. AND TURNER, F. M. Scribners, 
New York City, 1929, 356 pp., $1.50. For readers with a minimum prepara- 
tion in chemistry. Relation of chemistry to home construction, home fur- 
nishing, and home operation. Some topics: foods; metals in the kitchen; 
glass and ceramics; science in cleanliness; fabrics; protective coatings; 
perfumes; chemistry in the garden. 

Chemistry in the world’s work. Hows, H. E. D. Van Nostrand Co., 
New York City, 1926, 281 pp., $3.00. Emphasizes in non-technical language 
the part of chemistry in the attainment of our present level of civilization. 
Little detail is given. Chemistry in relation to communication and trans- 
portation. Chemistry as a basis of security and leisure. How the chemist 
works. 

At home among the atoms. KeEnpa.i, J. Century Co., New York 
City, 1929, 318 pp., $3.00. A remarkably successful attempt to make chem- 
istry enjoyable, understandable, and vital. Apt analogies are both informa- 
tive and entertaining. Makes clear many chemical processes and their prac- 
tical applications; also tells of the heroes of chemistry. 

Forensic chemistry and scientific criminal investigation. Lucas, A. 
Longmans Green & Co., New York City, 1931, 324 pp., $6.00. Some 
topics: blood stains; fires; clothing; counterfeit coins; documents; finger- 
prints; stains, etc. Clearly and entertainingly written. 

Artificial light. LucxresH, M. Century Co., New York City, 1920, 245 
pp., $3.00. Development of artificial light and its effect on warfare, navi- 
gation, commerce, medicine, religion, the stage, the cost of living, and many 
other phases of our civilization. 

Tin and the tin industry. Munpay, A. H. Pitman Publishing Corpora- 
tion, New York City, 2nd ed., 1927, 142 pp., $1.00. One of a series on com- 
modities by different authors. Discusses history, occurrence, sources, min- 
ing, properties, and uses. Non-technical; affords the lay reader a foundation 
for further study. 

Modern alchemy. Noyes, Wm. A., AND Noyes, W. ALBERT, JR. C. C. 
Thomas, Springfield, Ill., 1932, 215 pp., $2.00. For over a thousand years 
the alchemist vainly sought the Philosopher’s Stone to transmute base 
metals into gold, and for an Elixir of Life to give eternal youth. Many 
transmutations of elements are now known and scientific methods have 
greatly lengthened the average span of human life. With these central 
ideas, the following topics are discussed: the methods of science, atomic 
structure, valence, Philosopher’s Stone, effect of radiation on chemical sys 
tems, new elements, Elixir of Life. 

Modern chemistry. Prescott, F. J. D. Van Nostrand Co., New York 
City, 1933, 370 pp., $3.00. Requires no previous knowledge of chemistry. 
The first third of the book develops concepts of atoms. The remainder is 
devoted to such topics as: chemistry in the service of electricity, metals and 
alloys, chemistry and disease, etc. 

The ABC of atoms. RusseL_t, BERTRAND. Paul & Co., London, 1924, 
or E. P. Dutton & Co., New York City, 175 pp., $2.00. Russell’s views on 
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pure science, the understanding of natural processes, and on how the uni- 
verse is constructed are stimulating. Chapter headings include: Periodic 
law, Electrons and nuclei, Hydrogen spectrum, Theory of quanta, X-rays, 
New physics and the wave theory of light, New physics and relativity 

The chemistry of familiar things. SaptLer,S.S. J. B. Lippincott Co., 
New York City, 1924, 320 pp., 4th ed., $3.00. Devotes three chapters to 
elements of chemistry. Then discusses: light, heat, and water; alkalies 
and salts; metals; chemistry of the earth’s evaluation; soil; animal feed- 
ing; fermentation; leather and rubber; siliceous substances; etc. 

Science and the scientific mind. Samia, L. E. anv Grsss, W. E. 
McGraw-Hill Book Co., New York City, 1930, 484 pp., $3.00. Intended 
primarily as a textbook in composition for students of science and technology. 
A collection of articles by noted scientists. Deals chiefly with the scientific 
mind and its relation to modern culture. 

Creative chemistry. Stosson, E. E. The Century Co., New York City, 
rev. ed., 1930, 311 pp., $3.50. (Original ed., The Chemical Foundation, Inc., 
New York City, $1.00.) The triumphs of the past three decades of chem- 
istry; political, economic, and socia! effects of these achievements and the 
international rivalry for raw materials that has stirred the chemist to prac- 
tical achievement. 

Chats on science. Stosson, E. E. Century Co., New York City, 1923, 
272 pp., $2.00. Some chapter headings: The chattability of science; An 
inventory of energy; Ancestral scandals of science; From complexes to 
glands. 

Keeping up with science. Stosson, E. E. Harcourt Brace Co., New 
York City, 1924, 355 pp., $2.50. Short talks on new discoveries and their 
application to life. A few are: How seeds breathe; Day dreams; Bacteria; 
Why jellies jell; The mechanism of heredity; Clothes and ventilation; 
Health and financial panics; Why metals get tired. 

Science remaking the world. Stosson, E. E. anp CALDWELL, O. W. 
Garden City Publishing Co., Garden City, New York, 1923, 292 pp., $1.00. 
Lectures given at Teachers College, Columbia University. Interesting in- 
formation about achievements of modern science. The place of science in 
modern social and industrial relations. 

Nontechnical chats on iron and steel and their applications in modern 
industry. Sprinc,L. W. F. A. Stokes Co., New York City, 2nd ed., 1927, 
465 pp., $4.00. A clear exposition of the main points concerning the indus- 
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try, how the products are derived from raw materials, and their relationships 
to each other. Many photographs and drawings of apparatus. 

Chemistry in dici STEIGLITzZ, JuLtus (editor). The Chemical 
Foundation, Inc., New York City, 1928, 780 pp., $2.00. 45 leaders in 
chemical and medical research have collaborated to tell the advances, the 
victories, and the problems of the campaign against disease. 

The wealth of the seas. TRESSLER, D.K. The Century Co., New York 
City, 1927, 340 pp., $4.00. Popular presentation of many interesting 
facts concerning the production, nature, and uses of commercial products of 
the sea. These include jewels, ornaments, perfumes, foods, condiments, 
medicinals, chemicals, sizes, cement, fertilizers, lime, sponges, etc. 

Science in action. WeIDLEIN, E. R. anD Hamor, W. A. McGraw-Hill 
Book Co., New York City, 1931, 310 pp., $3.00. The rise, influence, and 
status of scientific research in important fields of manufacture. Some 
topics: groundwork of industrial research; exploits of science with plastics; 
scientific research on problems of industrial management; industrial re- 
search, management and banking; industrial research workers. 

The story of steel. WaLkeEr, J. BERNARD. Harper & Bros., New York 
City, 1926, 208 pp., $3.00. Begins with mining of ore and moves steadily 
through all operations of iron metallurgy and the shaping of the finished 
product. Space is devoted to the campaign for safety and welfare among 
workers. Financing and marketing are discussed. Language non-technical. 

The book of metals. Witne_m, D. C. Harper & Bros., New York 
City, 1932, 341 pp., $4.00. Sources, mining, extraction, purification, proces- 
sing, and uses of metals. 

The story of modern science. WittiaMs, HENRY SmitH. Funk & 
Wagnalls Co., New York City, 10 vols., 1931, $2.30 for set. This set 
includes: Charting the universe; Exploring the atom; Conjuring with 
plants; Juggling with animal life; Wonderworking with machinery; Better- 
ing the race; Super engines of war; Radio mastery of the ether; Man and 
the magic of medicine. ‘‘Exploring the atom”’ discusses the rise of modern 
chemistry and the work of Ostwald, Thomson, Rutherford, and others. 

Textiles, a handbook for the student and consumer. Woo_man, MARY 
S. anp McGowan, N. B. Macmillan Co., New York City, 428 pp., $3.00. 
For use in college classes in home economics or by the public. Chapters on: 
microscopic study of textiles; chemical study of textile fibers; dyeing of 
textile fibers; and laundry notes. 





For other books see the lists on Physical and Theoretical, Industrial, History of Chemistry, Organic, and Foods and Biochemistry. 


HIGH-SCHOOL TEXTS 


Practical chemistry. Briackx, N. H., ann Conant, J. B. The Macmillan 
Co., New York City, 1929, 522 pp., $1.80. Appeal to interest is made 
through student’s sense of the dramatic and his curiosity concerning the 
things of everyday life. Numerous spectacular lecture demonstrations are 
outlined. Whenever possible, examples are drawn from the student’s 
daily experience. The economic significance of chemistry is developed by 
means of common chemicals such as sulfuric acid, steel, etc. The treatment 
of atomic structure has been developed gradually leaving a consideration of 
sub-nuclear chemistry to the chapter of radioactivity. The electrolytic 
dissociation of salts has been treated from the simplified viewpoint. 

A first book in chemistry. Brapsury, R. H. D. Appleton and Co., 
New York City, 1928, 674 pp., $1.80. Meets the various syllabi of chem- 
Stresses the importance of chemistry to industry, to agriculture, to 
Many halftones and line drawings. Nu- 
The chem- 


istry. 
home, and to the individual. 
merous problems, equations, review questions, and summaries. 
istry of food and nutrition is fully treated. 

First principles of chemistry. BROwNLEE, R. B., FULLER, R. W., HAn- 
cock, W. J., Sonon, M. D., anp Wauirtsit, J. E. Allyn and Bacon, Boston, 
1931, 777 pp., $1.80. Outstanding features include: Emphasis on chemical 
principles; Early introduction of electrons and atomic number, and the ap- 
plication of these throughout to the explanation of chemical phenomena; 
Much attention to familiar and industrial chemical applications; Metals 
presented as group studies; Abundance of learning exercises, and several 
new-form tests; Many clearly labeled diagrams, halftones, and three colored 
plates. 

High school chemistry. Bruce, G. H. World Book Co., Yonkers-on- 
Hudson, New York, rev. ed., 1933, 550 pp., $1.68. Some features are: 
short paragraphs; listing of physical and chemical properties in tabular 
form; list of topics in column form at the beginning of each chapter; full 
question and problem lists. In the early chapters word equations are used. 
The electron theory is repeatedly emphasized in connection with such topics 
as valence, equations, and oxidation-reduction. ; 

Chemistry for secondary schools. Dinsmorr, F. M. Laurel Book Co., 
New York City, 2nd ed., 1931, 586 pp., $1.68. Gives a brief history of the 
electron theory and an adequate treatment of the atom from the modern 
point of view. Contains a chapter on recent developments of chemistry. 

Modern chemistry. Dutt, C. E. Henry Holt & Co., New York City, 
1931, 776 pp., $1.80. Clear and simple presentation, supplemented by 
apt and abundant illustrations. Brief recitals of the struggles and successes 
of pioneers in chemistry. Numerous problems. Equations taught with 


great simplicity. Teaching helps in the form of vocabularies at the begin- 
nings of chapters and brief summaries at the close of each chapter. 

Chemistry in everyday life. Emery, F. B., Downey, E. F., Davis, R. L., 
AND Boynton, C. E. Lyons and Carnahan, New York City, 2nd ed., 1928, 
719 pp., $1.76. College entrance requirements covered in first half and 
applied chemistry in latter. Some applications discussed: carbohydrates; 
fats; proteins; flour; bread; leavening agents; flavoring extracts; chemistry 
of fertilization of the soils; textiles; soaps, laundry chemistry; fuels and 
illuminants; paints and oils; medicine, etc. 

Beginning chemistry. FLretTcuer, G. L., Smit, H. O., anp Harrow, B. 
American Book Co., New York City, 1929, 476 pp., $1.60. Based on the 
electron theory. The approach leads from interesting applications to defini- 
tions, occurrence, and physical properties. The teaching aids are thought 
questions at the close of chapters; condensed tables of definitions, formulas, 
and equations at the end of the book. The chapter on colloids is especially 
interesting and extensively developed, as is the chaptet on explosives. 

The elements of chemistry. Foster, Wm. D. Van Nostrand Co., New 
York City, 2nd ed., 1932, 673 pp., $3.00. Clearly and interestingly writ- 
ten, well illustrated, and up-to-date. The text is fuller than those intended 
primarily for high-school students. Many teaching aids, such as problems, 
examination questions, and references. A fine reference book both for 
teacher and pupil. 

Introductory chemistry. Gorpon, New E. World Book Co., Yonkers- 
on-Hudson, New York, 1927, 608 pp., $2.20. Follows the A. C. S. outline 
for a standard minimum high-school course and for supplementary topics. 
Part I is a complete short course containing the fundamentals of chemistry. 
Part II consists of 300 pages of material for supplementary use. References 
for supplementary reading are inserted at the ends of the sections where they 
apply. 

Fundamentals of chemistry. Gray, C. W., SanpirFuR, C. W., AND 
Hanna, H. J. Houghton Mifflin Co., Boston, Rev. ed., 1929, 650 pp., 
$1.80. Order of presentation is from the familiar to the unknown. Ex- 
amples used for illustrations are practical and strictly modern. Familiar 
subjects are grouped. Among the aids to teaching are: suggestions to 
teachers, demonstration experiments, outline summaries, etc. Experiments 
are practical, safe, and require no elaborate equipment. Meets all college 
requirements. Variety of material for selection to fit local needs. 

Chemistry. Greer, C. C. AND Bennett, J. C. Allyn and Bacon, 
Boston, 1926, 776 pp., $1.80. Recognizes language limitations of adoles- 


cents. Contains basic principles required for college entrance. Large 
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amount of organic chemistry of common things. Treatment is inductive. 
Chapters begin with stimulating questions and close with questions on appli- 
cations of principles. Ionization, valence, formulas, and equations deferred 
to middle of course. Extensive use of word equations. 

The first year of chemistry. Hesster, J.C. Benj. H. Sanborn & Co., 
New York City, 1931, 580 pp., $1.68. Designed to inspire students with 
chemical point of view. Combines accurate, well-weighed statements with a 
direct appeal to students’ interests. Theory of chemistry is treated as a 
developing point of view. The book seeks to provide a foundation for fur- 
ther work and at the same time justify chemistry for single-course students. 
Numerous illustrations, including portraits. 

Elements of chemistry. Hortmes, H. N. AND MATTERN, L. W. The 
Macmillan Co., New York City, 1927, 519 pp., $1.80. Omits many non- 
essentials, retaining essentials and plenty of interesting applications. Good 
natural continuity of subject matter. Some good features: splendid chapter 
on colloids, a good one on fuels, simple explanation of the gas-law corrections, 
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good suggestions for project work, and also well-selected list of references. 

Chemistry for today. McPHERSON, WM., HENDERSON, WM. E., AND 
Fow.er, G. W. Ginn and Co., Boston, 1930, 588 pp., $1.80. Each chapter 
is summarized by fact questions, followed by thought questions and addi- 
tional material for honor students. Text is modern: Vorce cell for preparing 
chlorine, use of vanadium oxides as H2SQ, catalysts, carboloy, newer steels, 
etc. Solutions of problems are carefully explained but few problems are 
given. Appendix lists suitable popular books on chemistry. 

Chemistry of the farm and home. TortrincHam, W. E. Anp INce, J. W. 
Webb Book Publishing Co., St. Paul, Minn., 1924, 434 pp., $1.80. Con- 
denses into one course general chemistry and practical applications of the 
science to problems of farm and home. Some topics treated: water, its 
composition and constituents; elements; atmosphere and its chief constitu- 
ent nitrogen; some other non-metals; important metals; the plant and its 
products; the feeding of animals, dairy products; the soil, fertilizers; human 
foods and dietetics, etc. 


HIGH-SCHOOL MANUALS AND WORKBOOKS 


Laboratory exercises. BROWNLEE, R. B., AND OTHERS. Looseleaf, 
Allyn and Bacon, Boston, 1931, 282 pp., $1.00. To accompany ‘First 
principles of chemistry,’’ by same authors. Contains a series of tests on 
the work of the course. 

Applied chemistry, a laboratory manual for elementary students. EmeEry, 
F. B. AND OTHERS. Lyons and Carnahan, New York City, 1928, 300 pp., 
$1.40. To accompany text by same authors. Part I, general inorganic 
experiments; Part II, experiments on foods; Part III, a brief method of 
analysis. 

Interlinear chemistry manual. Gray, C. W. AND OTHERS. Houghton 
Mifflin Co., Boston, 1929, 207 pp., $0.92. _ Companion to ‘‘Fundamentals of 
chemistry.”’ Latter part contains experiments in organic and domestic 
chemistry sufficient for a quarter’s work. 

A laboratory manual of chemistry. Hotmss, H. N. AND MATTERN, 
L. W. The Macmillan Co., New York City, 1928, 157 pp., $1.00. Accom- 


panies text by same authors. Especially valuable for experiments on col- 
loids and related material. 

Chemistry workbook and laboratory guide. McGitt, M. V. ANp Brap- 
BuRY, G. M. Lyons and Carnahan, New York City, 1931, 252 pp., $1.00 
(includes a separate booklet of tests on all units). Centers instruction 
around individual laboratory work of students. The text is regarded as a 
source book and reference work. Elimination of material can be effected 
without interference with sequence. Extended drill is much in evidence. 

Workbook in chemistry. Powers, S. R. anp JoHNsoN, R. M. Allyn 
and Bacon, Boston, 1931, 306 pp., $0.80. Attempts to apply psychological 
conclusions directly to the teaching of chemistry by means of the work- 
book. Seeks to emphasize that material which is known to cause greatest 
difficulty, and to provide exercises supplementing the textbook and labora- 
tory outline. Material relating to oxidation-reduction reactions is especially 
good. 


TESTS 


hant 


Instructional tests for high and colleg GuENN, E. R. AND 
WELTON, L. E. World Book Co., Yonkers-on-Hudson, New York, 1930, 
76 pp., 36 cents; teachers’ manual 16 cents, key 16 cents. Designed to 
identify students’ learning difficulties and errors, and to make a rapid survey 
of students’ progress. Contains 36 tests usable in any desired order and 





short enough to be given and corrected in a school period. The tests are: 
multiple choice, matching, modified true-false, completion, brief answers, 
and vocabulary questions. Each test covers a unit of work. Suggestions 
are offered to aid in interpreting the tests. 


CHEMICAL CALCULATIONS 


Chemical arithmetic. Arenson, S. B. John Wiley & Sons, Inc., New 
York City, 1931, 108 pp., $1.25. Covers most of the types of mathematical 
problems encountered in general chemistry. The table of logarithms, the 
“code”? answers to problems and the chapter on graphical representation 
deserve special mention. Clearly written, usable with any text. 

Chemical calculations. Dinsmore, E. L. The Globe Book Co., New 
York City, 1927, 192 pp., $1.20. Treats calculations encountered in begin- 
ning (high-school) chemistry. Clearly written, well arranged. 

Chemical calculations. Jarre, B. World Book Co., Yonkers-on-Hud- 
son, New York, 1926, 192 pp., $1.28. Simple calculations for high-school 


and college students. Problems are arranged progressively according to 
types; also graded according to degree of difficulty and order of lesson assign- 
ment. May accompany any of the more recent general chemistry textbooks. 
The material is divided into: type problems; problems for first-year college 
students; problems based upon lesson assignments. 

First problems in chemistry. Mryrer, M. D. C. Heath & Co., Boston, 
1925, 312 pp., $1.60. An excellent students’ reference book. Fully 
explains the special nomenclature, theory, principles, and methods of 
computation incident to a first course. Contains 800 problems and ques- 
tions. 


TEACHING OF CHEMISTRY 


The teaching of science and the science teacher. BROWNELL, H. AND 
Wane, F. B. Century Co., New York City, 1925, 325 pp., $2.00. Deals 
with principles and methods of science teaching, especially on the junior and 
senior high-school levels. Introductory discussion of technic and methods. 
Gives a point of view applicable to the conduct of any of the science courses 
prior to the consideration of principles and technics in the various specific 
subjects. 

Certain phases of the administration of high-school chemistry. Car- 
PENTER, W. W. Bureau of Publications, Teachers College, Columbia 
University, New York City, 1925, 74 pp., $1.50. Deals with the organiza- 
tion and demonstration of high-school chemistry. Some questions dis- 
cussed are: the personnel organization of the department; method of con- 
ducting laboratory work; amount of space needed; equipment; ways of 
distributing laboratory apparatus and supplies. 

A digest of investigations in the teaching of science. Curtis, F. D. 
P. Blakiston’s Son & Co., Philadelphia, Vol. I, 1926, 341 pp., $2.50. Di- 
gests of 70 reports on the teaching of science in the public schools made prior 
to 1926. Two types of studies reported are: those placing emphasis on 
learning, and those placing emphasis on the curriculum. 

Second digest of investigations in the teaching of science. Curtis, F. D. 
Vol. II, 1931, P. Blakiston’s Son & Co., Philadelphia, 424 pp., $3.00. Con- 
tains 93 abstracts of studies grouped under: (1) elementary schools, (2) 
secondary schools, (3) colleges. Subdivisions under the second group cover 
the four types of science offerings in high schools. 

A collection of chemical lecture experiments. Davison, H. F. Chemical 
Catalog Co., New York City, 1926, 139 pp., $2.50. Contains 69 experiments 


classified into: 5 with gases, 12 on combustion and oxidation, 4 on hydroly- 
sis, 8 on colloidal work, 4 on the atmosphere, 7 on solubility, 6 on the ac- 
tivity of elements, and 11 miscellaneous. The introduction gives invaluable 
advice on the art of lecture-table demonstration. 

Teaching science in the schools. Ddwnine, E. R. University of Chi- 
cago Press, Chicago, Ill., 1925, 185 pp., $2.00. Discusses: history, present 
conditions, background, and aims, of science teaching; selection of subject 
matter, methods, tests; science teaching in some European schools. 

Science club manual. Exersy, C. L. anp GamsiLt, L. B. The Na- 
tional Club Manual Co., Lansing, Mich., 1931, 92 pp., $0.75. Suggestions 
as to the objectives of science clubs, organization, order of club meetings, 
and suitable programs. Twenty-five programs listed in some detail. 

Teaching of high school chemistry. FRanx, J.O. J. O. Frank and Sons, 
Oshkosh, Wis., 5th ed., 1932, 285 pp., $3.00. Attempts to assemble and de- 
scribe all materials of immediate aid to the high-school teacher of chemistry. 
Tests, texts, pamphlets, exhibits, free industrial matetials, visual aids of all 
kinds are listed and described and every recent investigation relating to the 
teaching of chemistry is interpreted. 

How to teach secondary chemistry and allied sciences. Haus, H. D. F. 
Harr Wagner Pub. Co., San Francisco, 1929, 292 pp., $2.50. Begins witha 
discussion of the planning, furnishing, and equipment of a laboratory, 
demonstration room, and store room. Objectives of teacher and pupil are 
clearly stated. A course of study for all types of students and usable with 
any text is developed. 

Measurable outcomes of individual laboratory work in chemistry. Hor- 
TON, R.E. Bureau of Publications, Teachers College, Columbia University, 
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New York City, 1929, 104 pp., $1.50. Reports an investigation of labora- 
tory instruction in chemistry. Suggests methods and technics useful in 
other science subjects. Features of the study are: novelty of the practical 
performance tests, careful planning of an experimental program, thorough- 
ness of the statistical work, and meticulous care with which inferences are 
limited to evidence. 

Chemical formula speller and contest guide. Jacosson, C. A. C. A. 
Jacobson, West Va. Univ., Morgantown, W. Va., 1925, 280 pp., $2.50. 
Names and formulas of 2850 of the common inorganic compounds, 100 or- 
ganic compounds, and 300 minerals; 1500 typical chemical reactions of 
practically all active elements. 


Chemical lecture experiments. Newtu, C. S. Longmans, Green & 


JouRNAL OF CHEMICAL EDUCATION 


Co., New York City, 1922, 344 pp., $2.50. Modes of preparation and 
properties of the non-metallic elements and their more important compounds. 

The teaching of chemistry and physics. Smitu, A. anp Hatt, E. H. 
Longmans, Green & Co., New York City, 1904, 377 pp. Out of print. 
However, if a second-hand copy can be secured, it is a valuable addition to 
a science teacher’s library. 

Enriched teaching of in the high school. Wooprinc, M. N., 
Oakes, M. E., aND Brown, R. E. Bureau of Publications, Teachers Col- 
lege, Columbia University, New York City, 1928, 374 pp., $2.75. Contains 
information on sources of such aids to teaching as: models, samples, equip- 
ment, supplies, pamphlets. Chapters on: Excursions; Career planning for 
science students. 








HISTORY OF CHEMISTRY 


Pierre Curie. Curre, Marre. The Macmillan Co., New York City, 
1932, 242 pp., $2.00. The story of the discovery of radium is told by its 
discoverer. Madame Curie, besides giving a full account of her husband’s 
life and his scientific work, includes a sketch of her own life including her 
Many illustrations from photographs. 

DamPiIER, Wm. C. The Macmillan Co., New York 
Includes chapters on the following subjects: 
The Rennaissance; The 


recent visit to America. 

A history of science. 
City, 1930, 514 pp., $3.00. 
Science in the Ancient World; The Middle Ages; 
Newtonian epoch; Nineteenth-century physics; Nineteenth-century 
biology; Nineteenth-century science and philosophical thought; Recent 
developments in biology and anthropology; Scientific philosophy and its 
outlook; etc. 

American chemistry. Hate, Harrison. D. Van Nostrand Co., New 
York City, 2nd ed., 1928, 265 pp., $2.50. Demands no technical back- 
ground. Strives to show the relation of chemistry to daily life and the im- 
portance of research to continued progress. Outlines what America is 
doing for chemistry and what chemistry is doing for America. 

Eminent chemists of our time. Harrow, BENJAMIN. D. Van Nostrand 
Co., New York City, 2nd ed., 1927, 471 pp., $3.00. Contains readable chap- 
ters on: Perkin and the coal-tar dyes; Mendeléeff and the periodic law; 
Ramsay and the gases of the atmosphere; Richards and atomic weights; 
van’t Hoff and physical chemistry; Arrhenius and the theory of electrolytic 
dissociation; Moissan and the electric furnace; Madame Curie and radium; 
Remsen and the rise of chemistry in America; etc. 

Chemistry to the time of Dalton. Hotmyarp, E. J. Oxford University 
Press, London, 1925, 128 pp., $1.00. Readable in style and satisfactory for 
the general student. Chiefly devoted to the work of English chemists. 

Crucibles. Jarre, BERNARD. Harlem Book Co., 53 N. 125th St., New 
York City, 3 rev. ed., 1931, 377 pp., $5.00. Humanizes the story of the de- 
velopment of chemistry. Built on the lives of great chemists from Bernard 
Trevisan, the alchemist, to Irving Langmuir. 

Historical introduction to chemistry. Lowry, T. M. The Macmillan 
Co., New York City, 1926, 581 pp., $3.50. An historical account of the more 
important facts and theories of chemistry, as these disclose themselves to 
the original workers. No attempt to present a formal history. Material 
classified by subjects rather than by authors. 

A history of chemistry. Moore, F. J. (revised by W. T. Hatt). 
McGraw-Hill Book Co., New York City, 1932, 2nd ed., 324 pp., $3.00. 


DICTIONARIES 


A. Aids in foreign languages 

A French-English dictionary for chemists. Patrerson, A.M. John 
Wiley & Sons, New York City, 1921, 384 pp., $3.00. A German-English 
dictionary for chemists. 1924, 343 pp., $2.50. Include not only chemical 
terms but words from related fields of science and, what is perhaps a novelty 
in technical dictionaries, a general vocabulary. Such books would be valu- 
able where an attempt is made to correlate foreign language and science by 
having students read science articles in foreign-language books. 

Chemical German. Puiips, F. C. Chemical Publishing Co., Easton, 
Pa., 2nd ed. rev., 1930, 246 pp., $3.50. For those who have had a beginning 
course in German and who wish to develop a chemical vocabulary. The 
first portion of the book contains graded exercises in simple chemistry. 
The second portion contains more difficult articles from chemical publica- 


tions. Chemical vocabulary. 


B. Dictionaries and handbooks 

High-school science terminology. FRANK, J. O. AND Whites, H. K. 
Part I, J. O. Frank, Oshkosh, Wisconsin, 1930, 203 pp., $2.50. $1.00 when 
sold directly to teachers (cash) or when sold in quantities of six or more for 
class uses. The most useful terms of chemistry and physics are defined and 
explained in language that a high-school student can comprehend. Collo- 
quial, literary, and nonscientific meanings are omitted. Distinctions be- 


tween meanings of the same terms used in different special sciences are drawn. 
Chemical dictionary. 

delphia, 790 pp., $10.00. 

trations of their use. 


Hacku, 1.W.D. P. Blakiston’s Son & Co., Phila- 
Pronunciations, definitions of words, and illus- 
Illustrations of laboratory apparatus, numerous 


Historical treatment of the development of important theories of chem- 
istry and personalities of great chemists. Brief biographies of a num- 
ber of brilliant chemists who have died during the last twelve years. A 
chapter devoted to Americans who have done much to develop chemistry 
in this country. 

Chemistry in America. Smitn, E. F. D. Appleton & Co., New York 
City, 1914, 356 pp., $3.50. Out of print. Not a definitive history of chem- 
istry in the United States. Interesting chapters on striking achievements 
and outstanding personalities in the early development of the science in this 
country—James Woodhouse, Joseph Priestley, Thomas Cooper, John 
McLean, Robert Hare, and Benjamin Silliman. 

The story of early chemistry. Stmutman, J. M. D. Appleton & Co., 
New York City, 1924, 566 pp., $4.00. A vast fund of facts; little of the 
personal touch. 

Essays in historical chemistry. THorrr, T. E., The Macmillan Co, 
New York City, 3rd ed., 1911, 601 pp., $5.00. Essays on: Boyle, Priestley, 
Scheele, Cavendish, James Watt, Lavoisier, La Revolution chimique, 
Faraday, Graham, Wohler, Dumas, Kopp, Victor Meyer, Mendeléeff, 
Cannizzaro. Development of synthetic chemistry, Chemistry in Great 
Britain in the nineteenth century, Chemical arts during the reign of Queen 
Victoria. 

Chemical invention and discovery in the twentieth century. TiLpDEN, 
W. A. George Routledge & Sons, London, or E. P. Dutton & Co., New 
York City, 5th ed., 1926, 487 pp., $4.00. Three chapters describing several 
of the largest laboratories in the world and apparatus used in chemistry; 
ten chapters on modern discoveries and inventions; fourteen chapters on 
modern applications of chemistry; and five chapters on modern progress in 
organic chemistry. Many illustrations. 

Life of Pasteur. WVaLLERyY-Rapot, D. (translated by Mrs. R. L. DEvon- 
SHIRE). Garden City Publishing Co., Garden City, N. Y., 1913, 484 pp., 
$1.00. Adapted to both lay and scientific readers. Tells of Pasteur’s work 
with microbes and inoculation. Portrays the man Pasteur as well as the 
scientist. 

A short history of chemistry. VeNaBLe, F. P. D. C. Heath & Co., 
Boston, 2nd ed., 1922, 175 pp., $1.60. A valuable reference book for both 
A concise history of the development of the various 
Thoroughly revised and brought up-to- 


teachers and pupils. 
theories and branches of chemistry. 
date in 1922. 


AND HANDBOOKS 


sketches, curves, graphs, formulas, and tables are included. Definitions 
are short, clear, and accurate. 

Handbook of chemistry and physics. HopGMANAND LANGE. 18thed., 
Chemical Rubber Co., Cleveland, Ohio, 1933, 1818 pp., $6.00. Special 
price to students. Old editions at reduced prices. A large amount of 
accurate and up-to-date information presented in condensed form. A large 
proportion of the tables have been compiled from various authoritative 
collections of data and from current journals. Material from all branches of 
chemistry, physics, and closely allied subjects is included. Convenient in 
size. 

Henley’s twentieth century book of formulas, recipes, and processes. 
Hiscox, G. D. The Norman Henley Publishing Co., 2 W. 45th St., New 
York City, rev. ed., 1933, 809 pp., $4.00. The book contains a large number 
of formulas and recipes for home and workshop; methods for detection of 
adulterants, preservatives, and coloring of foods; materials and methods of 
photography; chemical tricks. 

Merck’s index. Merck and Co., Rahway, N. J., 4th ed., 1930, 585 pp., 
$5.00. ($2.50 to teachers and students of medicine, pharmacy, chemistry, 
and allied professions.) Contains short monographs on chemicals, botani- 
cals, and drugs. These give names and synonyms; sources; origin or mode 
of manufacture; chemical formula; molecular weight; physical characteris- 
tics; medicinal action; antidotes; etc. There are several tables giving the 
characteristic reactions of alkaloids, glucosides, acids, metals, etc. 

Properties of inorganic substances. SEGERBLOM, Wm. Chemical Cata- 
log Co., New York City, 2nd ed., 1927, 266 pp., $6.00. Chemical names and 
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important properties of 2250 common inorganic substances arranged in con- 
venient tables according to the analytical grouping of the metals and acids. 
The properties given include: ordinary physical state, color, crystalline form, 
stability in air, action to test paper, physical constants, behavior when 
heated, etc. Forty pages are devoted to the non-metals, rare metals, and 
their compounds. 
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The Condensed Chemical Dictionary. TurNeR, FRANCIS M., EDITOR. 
Chemical Catalog Co., New York City, 2nd ed., 1930, 551 pp., $10.00. 
Comprehensive, concise dictionary of chemical substances, especially valu- 
able for information included about sources, uses, and properties of the 
ds and el ts listed. 
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PHYSICAL AND THEORETICAL 


Texts 

Second year chemistry for colleges. CuHapin, W. H. John Wiley & 
Sons, Inc., New York City, 3rd ed., 1933, 377 pp., $3.00. A second year’s 
course of reading for the chemical student. Topics are treated in a compre- 
hensive manner and exposition is clear. Atomic structure and indicators are 
treated with clarity and simplicity. Discusses questions still unsolved and 
upon which work is now being done. 

Outlines of theoretical chemistry. GrtTman, F. H. anp Daniets, F. 
John Wiley & Sons, Inc., New York City, 5th ed., 1931, 643 pp., $3.75. 
While no exhaustive discussion of any principle of theoretical chemistry is 
possible, numerous subjects are covered with the essential facts of each 
clearly stated. More mathematics than in former editions. Well written; 
the explanations can be understood by the superior high-school student. 

Physical chemistry for colleges. Muittarp, E. B. McGraw-Hill Book 
Co., New York City, 3rd ed., 1931, 522 pp., $3.75. In addition to the usual 
material of physical chemistry chapters are devoted to radiation and chemi- 
cal change, X-ray diffraction in liquids, and buffer solutions. Presents the 
important topics of physical chemistry in a clear but somewhat mathematical 
style. 

An introductory course in physical chemistry. RoprsusH, W. H. anp 
RopesusnH, E. K. D. Van Nostrand Co., New York City, 1932, 434 pp., 


Manuals 

Science masters’ book. ApLiam, G. H. J. AND OTHERS. Part II, J. 
Murray, London, 1931, 7s. 6d. Contains experiments on chemistry selected 
from a school science review by a committee of the Science Masters’ Associa- 
tion. 

Manual for second year chemistry. CHapin, W.H. John Wiley & Sons, 
Inc., New York City, 2nd ed., 1927, 144 pp., $1.50. Many short workable 
physical chemistry experiments to illustrate theoretical principles discussed 
in the text, ‘“Second year chemistry.’” Apparatus needed is simple. When 
directions for performing the experiments are carefully followed good re- 
sults are obtained. Many experiments may be assigned to advanced high- 
school students or demonstrated. 


$3.75. The usual material of physical chemistry is well presented. In addi- 
tion the authors discuss new developments such as Stern’s work on molecular 
trays, para and ortho hydrogen, wave mechanics, Debye-Hiickel theory, etc. 

Elementary physical chemistry. Taytor, H.S. D. Van Nostrand Co., 
New York City, 1927, 531 pp., $3.75. A suitable reference book for high- 
school chemistry students because it aims to emphasize the aspects of the 
subject which are important at the present time, retaining, however, the 
important contributions of classical physical chemistry. 

Introduction to physical chemistry. WaLker, JAMES. Macmillan Co., 
New York City, 10th ed., 1927, 433 pp., $4.50. Uses a minimum of mathe- 
matics. Selected phases of physical chemistry are treated with a view to 
their practical applications. Detailed discussion of various methods of de- 
termining atomic weights. Explanations are clear and as simply worded 
as the subject will permit. 

Principles of physical chemistry. WasHBURN, E. W. McGraw-Hill 
Book Co., New York City, 2nd ed., 1921, 516 pp., $4.00. Understandable 
by the intelligent high-school student who has had courses in algebra and 
physics. The first nine chapters dealing with the structure of matter and the 
forms in which it exists are especially to be recommended. The chapters on 
conduction of electricity and on the periodic system are good. 


Laboratory manual of colloid chemistry. Hotmrs, H. N. John Wiley 
& Sons, Inc., New York City, 2nd ed., 1927, 288 pp., $3.00. Due to the 
amount of theory interspersed between the experiments this is almost a 
text. Many experiments suitable for demonstration, or performance by the 
superior high-school student. 

Laboratory manual of physical chemistry. Mack, Ep. AND FRANCE, 
W.G. D. Van Nostrand Co., New York City, 1928, 207 pp., $2.00. Espe- 
cially helpful to those who are being introduced to the elements of physical 
sciences are the special treatment of units and dimensions, errors of measure- 
ment, construction and uses of a slide-rule, and the wide variety of experi- 
mental procedures described. 


MISCELLANEOUS 


Alembic Club Reprints, 21 volumes. THe ALempic CLus. Oliver & 
Boyd, Ltd., Edinburgh, Scotland, $0.65 per volume. A selection of the his- 
torically most important chemical papers and monographs either in the 
original English or in translation. Many of the papers reprinted are only 
accessible in their original form in scattered journals or in scarce books. 
Some of the authors are: Arrhenius, Avogadro, Canizzaro, Cavendish, 
Dalton, Pasteur, Priestley, and Scheele. 

Colloid chemistry. ALEXANDER, J. D. Van Nostrand Co., New York 
City, 3rd ed., 1924, 280 pp., $3.00. A broad but coérdinated view of the 
whole field of colloids. Begins with general principles and follows with 
practical applications. Contains a laboratory manual, bibliography, 
glossary, and indices. The treatment is non-mathematical. 

Applied X-rays. CiarKx, Gro. L. McGraw-Hill Book Co., New York 
City, 2nd ed. rev., 1933, 484 pp., $5.00. Discusses fundamentals of X- 
ray science, direct effects, X-ray analysis of ultimate structures of materials 
such as crystals, rubber, cotton, metals and alloys. 

Mathematical preparation for physical chemistry. Danrets, F. Mc- 
Graw-Hill Book Co., New York City, 1928, 305 pp., $3.00. Covers those 
portions of higher mathematics which are of special value to students of 
natural science. The prerequisites for study are a little algebra, a speaking 
acquaintance with trigonometry, and an interest in chemistry. 

The phase rule and its applications. FinpLay, ALEXANDER. Longmans, 
Green & Co., New York City, 7th ed., 1933, 326 pp., $3.00. The industrial 
and practical applications of the phase rule to the separation of salts in 
aqueous solution and to the preparation of salts by double decomposition 
have been fully and clearly elucidated. 

Molecular physics. CrRowrtHers, J. A. P. Blakiston’s Son & Co., 
Philadelphia, 4th ed., 1927, 202 pp., $2.50. Topics covered are: the physics 
of the electron, the positive particle, positive ray analysis, the nature and 
size of an electron, the structure of the atom, the electron in chemistry, the 
atom in vibration, quanta and electrons, the molecular theory of matter, 
and the atom in dissolution. The style is as non-technical and non-mathe- 
matical as the subject permits. 

The measurement of hydrogen-ion concentration. GRANT, JAMES. 
Longmans, Green & Co., New York City, 1930, 159 pp., $3.00. A simple 
but adequate explanation of the subject, together with detailed instructions 
for actual measurements. 


The world of atoms. Haas, ARTHUR (translated by Unter, H. D). 








D. Van Nostrand Co., New York City, 1927, 150 pp., $3.00. Ten non- 
mathematical lectures on the structure of atoms. ‘‘The author hopes every 
lay reader who has at his command a sufficient general education can begin 
the reading of the book and continue to the end without great difficulty and 
with comprehension.” Includes a discussion of the wave mechanics of the 
atom. 

Colorimetric and potentiometric determination of pH. Kotrtuorr, I. N. 
John Wiley & Sons, Inc., New York City, 1931, 167 pp., $2.25. Discusses 
in: Part I, the theory connected with the colorimetric measurement of hy- 
drogen-ion concentration; Part II, the potentiometric measurement of pH 
and potentiometric titration; Part III, conductometric titration. Numer- 
ous diagrams of apparatus. 

The electron. Mutiikan, R. A. University of Chicago Press, Chicago, 
2nd ed., 1924, 293 pp., $2.50. Presents the evidence for the atomicity of 
electricity; describes some of the most significant properties of the electron; 
and discusses the bearing of these properties upon the structure of the atom 
and the nature of electromagnetic radiation. The author reports his own 
researches and related work of others. 

Liquid air, and the liquefaction of gases. Stoanr, T. O. Norman 
Henley Pub. Co., New York City, 1920, 394 pp., $3.00. Covers history, 
theory, discovery, and manufacture of liquid air, and contains illustrated 
descriptions of many experiments. A work of scientific interest and au- 
thority, but written in popular style. 

Interpretation of the atom. Soppy, F. G. P. Putnam’s Sons, New York 
City, 2nd ed., 1932, 355 pp., $5.00. Part I deals with interpretation of 
radioactivity, theory of atomic disintegration, and systematically with 
rays of radioactive substances as exhibited by the three long disintegration 
series. Part II interprets for the general reader: the’ rapid progress in 
knowledge of the properties and composition of the atom as a result of the 
discovery of radioactivity and the electron; the numerous novel concepts 
that have resulted in modern theoretical physics and chemistry; and ap- 
plication of the new knowledge to geology, astronomy, and the study of 
cosmic rays. 

The atom. TuHomson, G. P. Thornton Butterworth Co., London, 1930, 
252 pp., $1.25. The aim has been to give as up-to-date an account as pos- 
sible. Considerable space is devoted to the new wave theory of mechanics 
and atomic structure. The language is non-technical and non-mathematical. 
The discussion is mainly from the point of view of the physicist. 

















120 


JOURNAL OF CHEMICAL EDUCATION 


ANALYTICAL 


General Treatise 

Analytical chemistry. TREADWELL, F. P. AND Hatt, F. T. John Wiley 
& Sons, Inc., New York City, Vol. I, 8th ed., 1932, 640 pp., $4.50; Vol. II, 
7th ed., 1928, 848 pp., $6.00. Volume I is devoted to qualitative analysis. 
One of the features of this revision is Part IV, an outline of a course of in- 
This edition 


struction. Volume II is devoted to quantitative analysis. 
has marked improvement in the theoretical material. Valuable as reference 
books. 


Qualitative Analysis 


Handbook of chemical microscopy. CHamot, E. M. AND Mason, C. W. 
John Wiley & Sons, Inc., New York City, 1930-1931, Vol. I, 474 pp., $4.50; 
Vol. II, 401 pp., $4.50. Volume I discusses optical principles of instruments, 
general methods of manipulation, and observation of physical and physico- 
chemical phenomena. Volume II is devoted to chemical reactions studied 
under the microscope, especially those reactions used for inorganic qualitative 
analysis. 

Qualitative chemical analysis. CurtmMaNn, Louis J. Macmillan Co., 
New York City, 1931, 539 pp., $3.75. Devotes considerable space to dis- 
cussion of theoretical principles, such as theory of ionization, chemical equi- 
librium, solubility product, complex ion formation, and oxidation-reduction. 
Emphasis on equations. Numerous problems with answers. Includes 
procedures for the analysis of anions and cations with directions for a sys- 
tematic analysis of alloys and minerals. 

Solutions of electrolytes. Hammett, L. P. McGraw-Hill Book Co., 
New York City, 1929, 211 pp., $2.25. An elementary, but exact and up-to- 
date presentation of the physical chemistry of ionic solutions. Reveals the 
clarity and simplicity to which our view on solutions of strong electrolytes 
have recently attained. 

Prescott’s and Johnson’s Qualitative chemical analysis. McALPINe, 
R. K. anp Soure, B. A. D. Van Nostrand Co., New York City, 1933, 
707 pp., $4.50. The revisers have, in this text, a modern physical chemistry 
point of view. The reactions of analytical importance are given for each 
element. Alternate procedures are discussed. Numerous references to 
original papers. 

Qualitative chemical analysis. Noyes, A. A. The Macmillan Co., 
New York City, 9th ed., 13th reprint, 1922, 190 pp., $2.25. Concise and ex- 
act instructions for analysis of the common elements. Theoretical explana- 
tions are placed in the notes. Directions for the analysis of natural and 
igneous substances. The appendix contains directions for the preparation 
of reagents and test solutions, solubilities, and ionization values. 

Qualitative analysis. Noyes, Wim.irtam A. Henry Holt & Co., New 
York City, 7th ed., rev., 1925, 128 pp., $1.90. Unique for its “preliminary 
experiments” in which each metallic element is carried through the series of 
processes subsequently used in analysis, to illustrate the differences at the 
basis of the analytical scheme. Comprehensive tables for the reactions of 
metals and of acid radicals are given and also a table of solubilities. A form 
record is given which enables a student to follow each element through an 
analysis. 

Essentials of qualitative analysis. Ware, J. C. John Wiley & Sons, 
Inc., New York City, 1928, 351 pp., $3.50. Deals with fundamentals, 
theoretical principles, and their applications in modern analytical pro- 
cedure. Six color plates give the student some idea of colors which pre- 
cipitates, fusion beads, flame tests, etc., should have. 


Quantitative Analysis 


Fundamentals of quantitative analysis. BLaspaLte, W. C. OD. Van 
Nostrand Co., New York City, 3rd ed., 1928, 429 pp., $3.75. Contains a 
summary of the important types of methods used by the analyst, arranged 
according to a logical system of classification. The processes described are 
carefully chosen and accompanied by simple but clear statements of the 
fundamental principles upon which they are based. 

Inorganic quantitative analysis. Fates, M. A. Century Co., New York 








Chemistry applied to home and community. Brrry, PauLine G. J. 
B. Lippincott Co., Philadelphia, 1926, 534 pp., $3.50. A textbook and 
laboratory manual. A foundation for subsequent college courses of practical 
nature offered to women—for example, nutrition, cookery, textiles, etc. 
Also presents chemical subject matter which, in itself, has direct application 
to household problems. Each chapter has a complete bibliography. 
Chemistry, inorganic and organic. Brioxam, C. L. (rev. by A. G. BLoxat). 
P. Blakiston’s Son & Co., Inc., Philadelphia, 11th ed., 1923, 852 pp., $9.00. 
General survey of the fundamental information of inorganic and organic 
chemistry containing terse, reliable, usable, and complete accounts of crystal 
structure, spectroscopy, the quantum theory, atomic structure, and other 
subjects of current investigation. A direct, condensed style, makes it pos- 
sible to include in a single volume a remarkable range of information. 
Introductory general chemistry. Brinkirey, S. R. Macmillan Co., 





INORGANIC AND GENERAL 


City, 1925, 493 pp., $3.50. Original but comprehensive in viewpoint. 
Outstanding feature is discussion of recent developments. 

Applied inorganic analysis. H1LLEBRAND, W. F. AND LUNDELL, G. E. F. 
John Wiley & Sons, Inc., New York City, 1929, 929 pp., $8.50. A general 
treatise on quantitative analysis with especial attention to metal, mineral, 
and rock analysis. Treatment is essentially practical and details of pro- 
cedure are carefully described. Written in the discursive manner. 

Quantitative analysis. Manin, E. G. McGraw-Hill Book Co., New 
York City, 4th ed., 1932, 623 pp., $4.00. Part I covers general quantitative 
analysis—gravimetric, volumetric, and electrometric analysis. Part II 
is devoted to special measurements, including density and specific gravity, 
heat of combustion, index of refraction, optical rotation, and electrometric 
titration. Part III covers the analysis of industrial products and raw ma- 
terials. 

Quantitative analysis. Poprorr, STEPHEN. P. Blakiston’s Son & Co., 
Philadelphia, 2nd ed., 1927, 559 pp., $4.00. Designed as an approach to 
theoretical chemistry. Covers: first, theory, laboratory instructions, prob- 
lems, and explanations for the calculations of the problems; second, a dis- 
cussion of the importance of the law of mass action and the theory of equi- 
librium to quantitative analysis; third, some of the more recent advances in 
analytical chemistry. Directions and explanations are clearly stated. 

Elementary quantitative analysis, theory, and practice. WitLarp, 
H. H. anp Furman, N. H. D. Van Nostrand Co., New York City, 1933, 
406 pp., $3.25. Thorough discussions of the theory and practice of volu- 
metric, gravimetric, and electro-analytical methods. Numerous references 
to original literature. Inorganic determinations in frequent use are covered. 
Discussions are clear. 


Food Analysis 

Food inspection and analysis. Leacu, A. E. anp Winton, A. L. John 
Wiley & Sons, Inc., New York City, 1920, 1090 pp., $8.50. Prepared for the 
public analyst connected with the health laboratory. Contains information 
concerning the provisions of laws dealing with the suppression of food adul- 
teration. Close attention paid to use of the microscope in food analysis. 
Set of illustrations is given at the end of the book showing microphotographs 
of food materials. 

Food analysis. Woopman, A. G. McGraw-Hill Book Co., New York 
City, 3rd ed., 1930, 559 pp., $3.50. Much general information regarding 
the character and forms of adulterants of typical food materials. Many of 
the quantitative tests can be modified for use by pupils as semi-quantitative 
tests. The microscopic tests are easily applied with simple equipment and 
are attractive and instructive. The book can be used as the basis for de- 
vising procedures having a distinct appeal to the students who wish to see 
some applications of their chemistry. 


Mineralogy 

Field book of common rocks and minerals. 
Putnam’s Sons, New York City, 1923, 278 pp., $3.50. Covers some 200 
minerals important because of their abundance or utility. Physical prop- 
erties, chemical compositions, and general uses are considered. Well illus- 
trated. Rocks are described with reference to the way they were formed 
and the implications of their compositions and textures. 

Mineralogy. Kraus, H. anp Hunt, W. F. McGraw-Hill .Book Co., 
New York City, 2nd ed., 1928, 604 pp., $5.00. Excellent photographs of 
crystals and minerals. Numerous portraits and short sketches of dis- 
tinguished mineralogists. Chapters on: the importance of mineralogy in 
modern civilization; gems and precious stones; the production of economic 
materials. Should be helpful to those who desire more information con- 
cerning minerals than can be found in el hemistry texts. 

The world’s minerals. Spencer, L. G. F. A. Stokes Co., New York 
City, 1916, 327 pp., $5.00. In the main descriptive. Technical terms are 
explained. Language is popular. Attention is drawn to such of the more 
important characteristics as will help the student and collector of minerals 
to identify his own specimens. Forty colored plates. 
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New York City, 1932, 565 pp., $3.00. Substances are classified according to 
reactions. Metals are introduced through a study of salts and discussed 
under the headings: active metals, metals from oxide ores, and metals from 
sulfide ores. Radioactive substances and atomic structure are discussed 
at some length. 

Introductory college chemistry. Derminc, H. G. John Wiley & Sons, 
Inc., New York City, 1933, 590 pp., $3.00. An interesting but sound scien- 
tific development of the subject for students not especially preparing for the 
chemistry profession. Principles, facts, and applications are treated. 
The subject is developed historically, postponing mechanistic interpretations 
of chemical facts until these facts have become somewhat familiar to the 
student. Numerous literature references. 

General chemistry. Deminc, H. G. John Wiley & Sons, Inc., New 
York City, 3rd ed., 1930, 715 pp., $3.50. A survey emphasizing industria] 
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The subject matter and method of 
Well 


applications of fundamental principles. 
treatment make it a valuable reference book for teacher and pupil. 
cross-referenced. 

Inorganic chemistry for colleges. Foster, WM. D. Van Nostrand Co., 
New York City, 1929, 837 pp., $3.00. A comprehensive text. Chemical 
theory is treated fully and much descriptive matter is given. Elements are 
discussed by families. Much historical material given. A suitable reference 
book for teachers and students. 

Introductory college chemistry. Gorpon, New E. World Book Co., 
Yonkers-on-Hudson, New York, 1927, 608 pp., $3.60. Chemical properties 
and reactions are explained in terms of electrons. The atomic number sys- 
tem of classification is used. Application of the principle of self-activity in 
learning. Experiments are included in the text. 

General chemistry. Hotmes, H. N. The Macmillan Co., 3rd ed., 1930, 
654 pp., $3.50. Historico-systematic in method. Up-to-date; includes 
references to para hydrogen, the work of Bergius, etc. Valence, photosyn- 
thesis, foods and nutrition, and colloids are well treated and some topics 
usually found only in physical chemistry texts are included. Useful appen- 
dix. 

Introductory college chemistry. Hoitmes, H. N. The Macmillan Co., 
rev. ed., 1931, 550 pp., $3.25. Keeps pace with recent progress in industrial 
processes, such as hydrogenation and cracking of petroleum, newer alcoholic 
syntheses, the Bergius process, etc. Nitrogen fixation is given extended 
treatment. Much space is given to colloid chemistry, organic chemistry 
including nutrition, and photochemistry. Industrial processes rather than 
the theoretical portions of chemistry are stressed. 

General chemistry for colleges. Hopxins, B. S. D.C. Heath & Co, 
Boston, 1930, 767 pp., $3.72. Some features are: two introductory survey 
chapters for awakening interest; absence of formal definitions; many 
modern practical applications; references for additional reading; illustra- 
tions with educational value; and comprehensive treatment of the metallic 
elements and their applications. 

Smith’s college chemistry. KENDALL, JAMES. The Century Co., New 
York City, rev. ed., 1929, 759 pp., $3.75. Particularly well suited to refer- 
ence use in secondary schools because of its thorough and modern treat- 
ment. Atomic theory is introduced early. Crystal structure is discussed. 
Recent theories of ionization are well covered. About one-fourth of the 
book is devoted to metals. 

Smith’s introductory college chemistry. KENDALL, JAMES. The Cen- 
tury Co., New York City, 1931, 555 pp., $3.25. Some features are: un- 
usually clear and sound presentation of atomic theory woven around the 
newer conceptions of the atom and molecule; a chapter in which the molecu- 
lar weight concepts are clearly developed and a final justification of atomic 
weights is made; a satisfactory account of the Arrhenius theory of ionization 
with its subsequent ramifications; an interesting treatment of radioactivity 
and atomic structure; and discussion of organic chemistry in plant and 
animal life. 


Reference book of inorganic chemistry. Lattimer, W. M. AND HILDE- 


BRAND, J. H. The Macmillan Co., New York City, 1929, 442 pp., $3.75. 
Descriptive. Provides accounts of many substances merely mentioned in 
texts. Much of the information has been tabulated. No theory. 

A course in general chemistry. McPHERSON, WM. AND HENDERSON, 
W.E. Ginn & Co., Boston, 4th ed., 1927, 751 pp., $3.40. A brief chapter 
on the history of chemistry has been introduced. Besides the usual ma- 
terial, much recent work on the structure of the atom has been included. 
Practical applications of the compounds of carbon are discussed. Colloids, 
purification and softening of water are treated in special chapters. 

Modern inorganic chemistry. Merttor, J. W. Longmans, Green & Co., 
New York City, 3rd ed., 1933, 1103 pp., $4.25. Contains historically in- 
teresting details and includes practical minutiae which most texts take for 
granted. The author is always the chemical philosopher; he never loses an 
opportunity to teach the method of science, to’ show its successes and 
failures, to point to its foundations and goals, and to scrutinize its imple- 
ments of experimentation and logic. An excellent source book for teachers. 

A textbook of chemistry. Noyes, W. A. Henry Holt & Co., New York 
City, 2nd ed., 1926, 602 pp., $3.00. Designed for students in the first 
course in college who have not studied chemistry in high school. Clear 
and simple in style. Exercises at the close of each chapter, and occasional 
questions in the text. 

A textbook of inorganic chemistry. PartincTon, J. R. The Macmillan 
Co., New York City, 3rd ed., 1930, 1083 pp., $4.25. Contains a wealth of 
information well arranged and brought up-to-date. Treatment is partly 
historical and largely experimental. References to experiments give just 
enough description to make clear what was accomplished and how. The 
first part contains the theory, chemical laws, and history, while the latter 
portion discusses the elements by families. 

General chemistry. RicHARDSON, L. B. Henry Holt & Co., New York 
City, 1932, 779 pp., $3.50. Objectives are: first, to give the student an 
acquaintanceship with the way in which the scientist thinks and with the 
theoretical principles which unify science, correlate seemingly unrelated 
matters; second, to impart a knowledge of what the chemist has done and 
is doing for the comfort of mankind. 

General inorganic chemistry. SNEED, M. C. Ginn & Co., 
1926, 674 pp., $3.00. Approaches chemical theory through the historical 
and experimental background. Much descriptive matter is included to show 
the utility of chemistry in various arts and professions. Drawings give 
complete set-ups of apparatus and indicate clearly the purpose of the ex- 
periments described. The treatment of hydrocarbons is good but little or 
no attention is given to such important topics as carbohydrates. 

An introduction to chemistry. Timm, J. A. McGraw-Hill Book Co. 
New York City, 2nd ed., 1932, 553 pp., $3.50. A pandemic text. A logical 
development of theory rather than a catalog of descriptive facts. Shows 
clearly the relationship between chemistry and physics. The economic 
significance of chemistry is stressed through such topics as: our fuel re- 
sources, metallurgy, basic and acidic heavy chemicals, fertilizers, nitrogen 
fixation, etc. 


Boston, 


GENERAL, INORGANIC, AND MISCELLANEOUS COLLEGE CHEMISTRY MANUALS 


Exercises in general chemistry and qualitative analysis. Derminc, H. G. 
AND ARENSON, S. B. John Wiley & Sons, Inc., New York City, 1930, 398 
pp., $1.80. Has three aims: 1, to acquaint the student with a few represen- 
tative types of matter; 2, to reveal some of the general principles that 
govern the transformations of matter; 3, to afford some experiences with ex- 
perimental methods by which chemistry has won its advances. Many of the 
experiments can be demonstrated. 

Laboratory manual to accompany introductory general chemistry. Diz- 
TRICH, H. G. anv Kesey, E. B. The Macmillan Co., New York City, 
1932, 231 pp., $1.60. Contains several quantitative experiments which 
might be performed by students who desire extra work. Many of the experi- 
ments may be demonstrated. There is a section devoted to qualitative 
analysis. 

A laboratory manual in general chemistry. Foster, Wm. Princeton 
University Press, Princeton, N. J., 1924, 205 pp., $2.00. Contains some 
fundamental quantitative experiments, a number of valuable inorganic 
preparations, and is in part introductory to qualitative analysis. Should 
be of use to students who are particularly interested in chemistry and who 
wish to perform extra experiments. 

Laboratory manual of general chemistry. Hormes, H. N. The Mac- 
millan Co., New York City, 3rd ed., 1930, 163 pp., $1.60. An interesting 
experiment on the drying of paint is one not commonly found in general 
chemistry manuals. Questions are introduced frequently to bring out 


specific features of experiments. Experiments are grouped according to 
elements and lead up to generalizations. 

Laboratory exercises and problems in general chemistry. Hopxins, 
B.S. anpD Nevititze, H. A. D.C. Heath & Co., Boston, rev. ed., 1931, 175 
pp., $1.76. In part II are 38 experiments dealing mainly with the metals, the 
preparation of a few important salts, and a brief introduction to the methods 
of qualitative analysis. Part III, entitled chemical arithmetic, comprises 
150 problems involving the principles of the first-year course. 

Laboratory manual. McPHERSON, WM., HENDERSON, 
Evans, W. L. Ginn & Co., Boston, 192§, 165 pp., $1.20. 
ments cover the usual elementary principles, with experiments upon the 
metallic and non-metallic elements. Some new quantitative experiments 
are introduced, which have apparently been very carefully worked out, ¢. g., 
the molecular weight of steam. 

Laboratory glass blowing. FRARyY, TAYLOR, AND Epwarps. McGraw- 
Hill Book Co., New York City, 1928, 116 pp., $1.50. Comprises a graded 
series of exercises illustrating the important manipulations in such glass 
blowing as is ordinarily useful in the chemical laboratory. Each manipula- 
tion is described and illustrated in sufficient detail so that the learner can 
carry it out without assistance from the teacher. The book is probably 
of most use to the teacher in preparing and mending agparatus for class or 
lecture use. 


Wm. E., AND 
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For further references see lists on Physical and Theoretical Manuals and Teaching of Chemistry. 


ORGANIC 


Texts 

A textbook of organic chemistry. CHAMBERLAIN, J. S. P. Blakiston’s 
Son ,& Co., Philadelphia, 2nd rev. ed., 1928, 901 pp.,.$4.00. Prepared 
especially for the use of undergraduate students and instructors as a text- 
book, but also of value for its general presentation of the subject. Includes 
descriptions of common industrial methods. Study questions and problems 


are given at the end of each chapter and references to laboratory preparations 
are cited in the appendix. 

A shorter course in organic chemistry. Corspert, J. C. The Century 
Co., New York City, 1931, 352 pp., $3.60. Intended for a short course for 
pre-medical students. Medicinal applications are stressed. Two-thirds 
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devoted to aliphatic compounds. Numerous reaction diagrams. The for- 
mulas are in the main structural. 

The chemistry of organic compounds. Conant, J. B. The Macmillan 
Co., New York City, 1933, 623 pp., $4.00. Thorough, readable treatment of 
organic chemistry with short clear discussions of the manufacture, uses, 
economic importance and biological applications of carbon compounds. 
Many diagrams of laboratory and industrial apparatus. 

In the realm of carbon. Deminc, H.G. John Wiley & Sons, Inc., New 
York City, 1930, 365 pp., $3.00. Intended for the general reader who would 
like to know something of the manner in which organic chemistry grew and 
of its contributions to the comforts and conveniences of modern life. In- 
terestingly written. 

An introduction to organic chemistry. Gararp, Ira D. John Wiley 
& Sons, Inc., 1932, 296 pp., $2.75. One-semester introductory course in 
organic chemistry. Good discussions of the importance of various organic 
chemicals. A suitable series of laboratory experiments is included in the 
last part of the book. 

Organic chemistry. Hitt, G. A. anp KeE.iey, L. P. Blakiston’s Son & 
Co., Philadelphia, 1932, 564 pp., $3.00. Presents clearly and forcefully the 
fundamentals of organic chemistry. Many compounds of commercial and 
biological importance are mentioned. Biographical sketches of outstanding 
investigators. Industrial applications briefly presented. Questions and 
exercises at the end of each chapter. 

Fundamentals of organic chemistry. 
Co., New York City, 1930, 390 pp., $2.75. Designed to meet the need for a 
texthook based upon the atomic linkage theory. Emphasis on problems 
and illustrations that bring out the relation between structures of organic 
compounds and their properties, on recent trends, and on the applications 
of research in the organic industry in post-war days. 

Introduction to organic chemistry. Lowy, A. AND Harrow, B. John 
Wiley & Sons, Inc., New York City, rev. ed., 1932, 412 pp., $3.00. Includes 
well-recognized principles and more recent and important applications. 
Relation of organic chemistry to medicine, agriculture, biological sciences, 


Lewis, H. F. McGraw-Hill Book 


etc., is indicated. 

A textbook of organic chemistry. Hotteman, A. F. John Wiley & 
Sons, Inc., New York City, 7th ed. rev., 1930, 594 pp., $3.50. A more com- 
prehensive book than the others and one of the best available in English. 

Organic chemistry for students of pharmacy and medicine. MuLpoon, 
H.C. P. Blakiston’s Son & Co., Philadelphia, 1927, 496 pp., $3.00. In- 
tended for students preparing for medicine and pharmacy. Emphasizes sub- 
stances important in medicine. Brief excursions are made into the inti- 
mately related sciences of pharmacology, toxicology, and therapeutics. 

The principles of organic chemistry. Norris, J. F. McGraw-Hill 
Book Co., New York City, 3rd ed., 1931, 595 pp., $3.00. Distinguished for 
its clear and simple style, its well-selected problems, and its practical ar- 
rangement of material. Several new industrial processes and compounds 
are described briefly; the chapter on proteins has been revised; a new chap- 
ter on alicyclic compounds has been introduced. 

Organic chemistry. Noyes, Wm.A. Henry Holt & Co., New York City, 
1926, 677 pp., $3.50. After 40 pages given to definitions and physical 
properties the five most important general classes of organic compounds are 
discussed in an elementary manner. All discussions are supplemented by 
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exercises designed to test the student’s ability to grasp relationships rather 
than isolated facts. The remainder of the book covers: 1, methods of 
preparation, demonstration of structure, and general properties of classes 
of compounds; 2, a description of important compounds in each class. This 
organization is designed to help the student to realize the difference between 
fundamental principles and concrete facts. 

College organic chemistry. Rem, E. E. D. Van Nostrand Co., New 
York City, 1931, 654 pp., $3.75. Organic chemistry is presented as a system 
to be understood—the logical development of a few principles. Each new 
fact is presented as the development of what has gone before and organic 
chemistry is related to other branches of chemistry and to life. Intended 
not only for a text but also for self-instruction for those who have had 
general chemistry. 

Introduction to organic chemistry. Wutiiams, R. J. D. Van Nostrand 
Co., New York City, 1931, 2nd ed., 576 pp., $3.50. A readable text on 
organic chemistry in which the subject is connected closely with the more 
modern treatment of general inorganic chemistry. El tary discussions 
of electronic structures and their relation to chemical properties, oxidation, 
reduction, optical properties, color, and absorption spectra are included. 
The chemistry of carbohydrates and proteins is treated more fully than usual. 





Manuals 

Elementary laboratory experiments in organic chemistry. Apams, R. 
AND JOHNSON, JOHN R. The Macmillan Co., New York City, 1932, 2nd ed 
rev., 360 pp., $1.90. Part I gives preliminary experiments on laboratory 
methods characteristic of organic chemistry. Part II consists of the syn 
theses and reactions of typical organic compounds, including series type 
reactions in which the compound obtained in one operation is used in pre- 
paring a second and that to prepare a third. Optional experiments and 
references to advanced manuals are given. 

Laboratory methods of organic chemistry. GATTERMANN, L. (revised by 
H. WIELAND, translated by W. McCartney). The Macmillan Co., New 
York City, 1931, 416 pp., $3.50. Comprehensive; one of the best labora- 
tory manuals in the world. 

Qualitative organic analysis. Kamm, OLIVER. John Wiley & Sons, Inc., 
New York City, 2nd ed., 1932, 311 pp., $2.75. Methods for the identifica - 
tion of organic compounds. Based on a systematic application of sol- 
vents and test reagents and on the determination of melting and boiling 
points. 

A laboratory book of elementary organic chemistry. Lowy, A. AND 
Batpwin, W. E. John Wiley & Sons, Inc., New York City, 1926, 182 pp., 
$3.00. Covers important types of reactions, properties, and relationships of 
the various classes of compounds. Following each experiment is a page of 
questions on principles so spaced that answers may be written in. 

Organic chemistry for the laboratory. Noyrs, W. A. Chemical Pub- 
lishing Co., Easton, Pa., 5th ed., 1926, 329 pp., $4.00. Two chapters are 
devoted to accurate directions for the analysis of organic compounds, illus- 
trations of fractionation, determination of melting points, and of density. 
Directions are given for preparing 129 compounds. Each chapter contains 
a brief summary of methods used for preparing the class of compounds con- 
sidered. Before each preparation comprehensive references to the literature 
are given. 


FOODS AND BIOCHEMISTRY 


Foods and food products. Bairey, E.H.S. P. Blakiston’s Son & Co., 
Philadelphia, 3rd ed., 1928, 563 pp., $2.50. Covers briefly but comprehen- 
sively the general subject of food products as discussed in food chemistry and 
home economics courses. Principles of food production, manufacture and 
preparation are so discussed as to give a practical knowledge of what con- 
stitutes a good food and where it is obtained. 

Nutrition and food chemistry. Bronson, B.S. John Wiley & Sons, Inc., 
New York City, 1930, 467 pp., $3.75. An attempt to correct some of the 
misinformation regarding food and diet. Presents the elements of nutrition 
and foods to students with little foundation in physiology and none in chem- 
istry. 

Physiological chemistry. 
5th ed., 1930, 1233 pp., $7.00. 
tremes and superlatives of the enthusiast. 
field of physiological chemistry and is entirely up-to-date. 

Newer knowledge of nutrition. McCort_um, E. V. anp Simmonps, N. 
Macmillan Co., New York City, 4th ed., 1929, 594 pp., $4.00. Discusses 
all phases of nutrition. A major portion of the book is devoted to vitamins 
and diet. Other portions deal with the protein diet in various parts of the 
world, diet and resistance to disease, the new viewpoint of human nutrition, 


Matrtuews, A. P. Wm. Wood Co., Baltimore, 
A standard textbook which avoids the ex- 
Covers recent advances in the 


etc. 

Food nutrition and health. McCotium, E. V. anp BeckeEr, J. ERNES- 
Ting. The authors, East End Station, Baltimore, Md., 3rd ed., 1933, 
146 pp., $1.50. An account in simple language of how the modern science 
of nutrition may contribute to the insurance of health to the mother, the 
safeguarding of the health of the child, the preservation of the teeth, the 
avoidance of digestive disturbances in the adult, etc. Menus and practical 
suggestions are given. 


Food products. SHERMAN, H. C. Macmillan Co., New York City, 
2nd ed., 1924, 687 pp., $3.00 (3rd ed. in 1934). Non-technical discussion 
of: food values; control of the food industry by municipal, state, and federal 
agencies; the various food products as to production, composition, quality, 
nutritive value, processing, etc.; and food economics. Each chapter in- 
cludes a complete set of references. The appendices contain information on 
food laws, and tables of food values. 

Chemistry of food and nutrition. SHERMAN, H. C. The Macmillan 
Co., New York City, 4th ed., 1932, 614 pp., $3.00. The first 10 chapters 
deal with carbohydrates, fats, and proteins and their metabolism. Chap- 
ters 11 to 15 deal with the mineral constituents and acid-base balance in foods 
and nutrition. Chapters 16-21 deal with vitamins. Chapter 22 deals with 
the chemical aspects of growth. The last two chapters deal with dietary 
standards and utilization of food. Up-to-date. 

Vitamins. SHERMAN, H. C. anp SmitH, S. L. Am. Chem. Soc. Mono- 
graph. The Chemical Catalog Co., New York City, 2nd ed., 1931, 575 pp., 
$6.00. Treats of the vitamins broadly and thoroughly, yet readably 
Some topics such as the present state of research into the chemical nature of 
the vitamins must necessarily be treated in a technical style. However, 
many other phases of our knowledge of vitamins are treated non-technically. 

Introduction to biochemistry. Witttams, R. J. D. Van Nostrand Co., 
New York City, 1931, 515 pp., $4.00. For a thorough understanding of all 
parts of the book a good grounding in organic chemistry is necessary, but 
there are many portions instructive as well as suggestive to the student 
who has but an elementary knowledge of chemistry. Nutrition, photo- 
synthesis, fermentation, digestion, and metabolism are among the topics 


treated. In the “orientation chapter’ the relation of biology to chemistry 


and the relation of biochemistry to these fields is made clear. 


For other books see the lists of Popular Books on Chemistry and Analytical. 
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INDUSTRIAL 


General 

Chemistry of engineering materials. LrtcHou, R. B. McGraw-Hill 
Book Co., New York City, 2nd ed., 1931, 684 pp., $4.00. Discusses thor- 
oughly the properties of engineering materials from the standpoint of the 
user. Some topics are: fuels; non-ferrous metals and alloys; iron and steel 
and corrosion; building stones, cement, and lime; etc. Can be understood 
by students with a high-school preparation in chemistry. 

Industrial chemistry. Reap, W.T. John Wiley & Sons, Inc., New York 
City, 1933, 576 pp., $5.00. The subject matter in each field has been re- 
vised with the aid of authorities in the respective fields. The information is 
well written and can be understood by students who are studying beginning 
chemistry. The first six chapters are especially interesting to those who 
desire a knowledge of the réle of chemistry and chemists in industry. All 
major chemical industries are described. 

Industrial chemistry. RieceLt, E.R. Chemical Catalog Co., New York 
City, rev. ed., 1933, 784 pp., $6.00. Presents in a single volume a picture of 
the numerous commercial activities which make up industrial chemistry. 
Discussions are non-mathematical, moderate in length, and give a complete 
summary of the sources, processes of manufacture, and uses of the chemicals 
of industry. The information is clearly written. The revised edition is 
one-third larger than the original and has been brought down to date, 
from both the technological and economic standpoints. 

Elements of industrial chemistry. Rocrers, A. D. Van Nostrand 
Co., New York City, rev. ed., 1926, 690 pp., $4.50. A condensation of the 
author’s two-volume ‘‘Manual of Industrial Chemistry.’’ Many details of 
plant construction and plant operation. Many drawings of apparatus. 
Descriptions are concise but comprehensive and cover sources, preparation, 
properties, and uses of the chemicals of commerce. 


Specialized 

The A. B. C. of iron and steel. Backert, A.O. Penton Publishing Co., 
Cleveland, O., 5th ed., 1925, 415 pp., $6.00. Essentially a textbook for 
students of metallurgy. or of chemical or metallurgical engineering. De- 
scribes accurately and completely, but in a simple, interesting, and non- 
technical way every step in the manufacture of iron and steel. 

Practical dry cleaner, scourer, and garment dyer. Brannt, W. T. AND 
Gray, J.P. Henry Carey Baird Co., New York City, 6th ed., 1929, 378 pp., 
$3.00. An excellent exposition of the art of cleaning and dyeing. Discusses 
the preparation of soluble soaps, the properties of the ingredients used, the 
goods to which the process may be applied, and the exact operations neces- 
sary to secure successful results. Many practical hints on cleaning. 


Elementary photographic chemistry. Eastman Kodak Co., Rochester, 
N. Y., 1931, 106 pp., 50 cents. A simple account of photographic chem- 
istry. Among the topics covered are: the chemistry of photography; 
the chemistry of development, fixation, washing, reduction, intensification, 
and toning. Two chapters treat the practice of mixing and using photo- 
graphic solutions. A formulary and table of solubilities are included. 

Photography for the amateur. FrRENcH, Geo. W. Falk Publishing Co., 
New York City, 2nd ed., 1933, 416 pp., $3.00. Explains photographic 
procedure in detail in such a manner that it is easily understood by the be- 
ginner. Emphasis is placed, however, upon those factors in which the most 
common errors are made. Sufficient detail is given to enable the student to 
acquire ability to warrant submitting pictures for exhibition. 

Industrial electrochemistry. Mantet, C. L. McGraw-Hill Book Co., 
New York City, 1931, 528 pp., $5.00. Valuable to the teacher of chemistry 
and the superior pupil for the discussions of the varied applications of elec- 
tricity in chemical industry, the chemistry of batteries, electricity in refining 
of metals, and correct explanations of the mechanisms of the chemical re- 
actions caused by electrolysis. 

Fundamentals of photography. Merzrs, C. K. Eastman Kodak Co., 
Rochester, N. Y., 2nd ed., 1921, $1.00. An elementary account of the 
theoretical foundations of photography. It deals with the history leading 
up to the development of modern photographic practice and with the chemi 
cal reactions that occur when negatives and prints are exposed and de- 
veloped. The physical aspects of light, vision, and lenses are given. 


Photography, its principles and practice. NerBELLETTE, C. B. D. Van 
Nostrand Co., New York City, 2nd ed., 1927, 600 pp., $6.50. A complete 
discussion of all phases of photography including the history of its develop- 
ment. Especially valuable to those who desire to specialize in photography 
or to a photography club. 

Engineering metallurgy. StrouGHTON, BRADLEY, AND BuTTSs, ALLISON. 
McGraw-Hill Book Co., New York City, 1926, 441 pp., $4.00. A textbook 
for users of metals. A comprehensive, but not a detailed view of the whole 
field of metallurgy, chemical, physical, and mechanical. Gives brief state- 
ments of principles and brief descriptions of important processes and equip- 
ment. Discusses the properties and the utilization of metals. Outlines 
methods of testing and the effects of impurities. 

Ceramics, clay technology. Witson, H. McGraw-Hill Book Co., New 
York City, 1927, 296 pp., $4.00. Deals with the scope of ceramics, 
their formation, characteristics, drying, effect of heat on clays, etc. 


See also list of Popular Books on Chemistry. 
MAGAZINES RECOMMENDED FOR HIGH-SCHOOL CHEMISTRY LIBRARIES 


JOURNAL OF CHEMICAL EDUCATION, Orro RernmutnH, editor, 
University of Chicago. Publication and business offices: 20th and Northamp- 
ton Sts., Easton, Pa., $3.00 a year; single copies 50 cents. $2.00 a year 
for 10 or more student subscriptions. Send subscriptions to Harvey F. 
Mack, Easton, Pa. This magazine, the official organ of the Division of 
Chemical Education of the American Chemical Society, publishes the ad- 
vances in thought and practice in chemical education. It is the only 
publication of its kind. It contains many original papers with an abun- 
dance of illustrations, abstracts of articles of interest in other publications, 
and chemical book reviews. 

The Science Leaflet including The Chemistry Leaflet, PAULINE G. BEERY, 
editor, State College, Pa., $2.00 per 34 issues (school year) to one subscriber; 
$1.25 per year in groups of 10 or more to one address. Single copies 10¢. 
Send subscriptions to The Science Leaflet, Lancaster, Pa. This publication 
is devoted exclusively to the interests of the beginning science student. It 
is published each school week. It follows the order of the subject matter as 
presented in the average elementary textbook. It cannot be too highly 
recommended. Not only the young student but also the teacher and lay- 
man will find it very interesting and instructive. 

Industrial and Engineering Chemistry, H. E. Hows, editor, Mills Bldg., 
Washington, D. C., Industrial edition, $5.00, News edition, $1.50, Analytical 
edition, $2.00, Industrial and Analytical edition, $6.00, all three $7.50; single 
copies 75¢, to members 60¢. Send subscriptions to C. L. Parsons, Sec., A. C. 
S., Mills Bldg., Washington, D. C. Many of the articles about recent ad- 
vances in technology are written on a less difficult plane than in journals 
where only original research is recorded. It frequently contains descriptions 
of chemical plants and processes, sketches of American contemporary chem- 
ists, and occasionally histories of well-known American chemical industries. 
The advertising pages contain interesting and instructive pictures and de- 
scriptions of equipment and chemicals. 

Science, J. McCKEEN CATTELL, editor, The Science Press, Grand Cen- 
tral Terminal, New York City, $6.00 per year, single copies lic. This maga- 
zine, the official organ of the American Association for the Advancement of 
Science, contains scientific news, and short articles from the entire field of 
science. The amount of space devoted to chemical papers is small, but as the 
articles are written for a clientele whose interests are in the whole field of 
science rather than chemistry alone, the material is not as technical as would 
be found in a purely chemical magazine. 





Science News Letter, Watson Davis, editor, Science Service, 21st and 
Constitution Ave., Washington, D. C., $5.00 a year, 2 years $7.00. Intro- 
ductory offer, 17 weeks for $1.00. Single copies 15¢, 10 or more copies to 
same address 5¢ copy. Each week the current progress of science is sum- 
marized in the fully illustrated pages of this concise, easily read and authori- 
tative magazine. Articles in the magazine are reliable scientifically. It 
supplements regular textbooks by keeping the students thoroughly up-to- 
date on happenings in the world of science. 

Scientific American, O. D. Munn, editor and publisher, 24 West 40th St., 
New York City, $4.00a year. This magazine is recommended as an authorita- 
tive, definitive presentation of scientific news. It covers industrial ap- 
plications of research and interesting accounts of large engineering accom 
plishments all written in non-technical language easily understood by the 
layman. Quite a number of the articles deal with applied chemistry. 

The Scientific Monthly, J. McKrgw Catrett, editor, The Science 
Press, Grand Central Terminal, New York City, $5.00 a year, single copies 
50¢. The articles are written by authorities and are addressed to those 
having scientific interests but no special information on the topics treated. 
The number of articles on chemistry is limited, but those published are by 
leaders in the field. There are large numbers of articles in the fields of 
physical and biological sciences which would interest chemistry students and 
teachers. 

School Science and Mathematics, W. F. Rorcker, business manager, 
3319 North 14th St., Milwaukee, Wisconsin, 9 issues per year for $2.50, 
single current copies 35¢. This magazine is a journal for teachers of science 
and mathematics in secondary schools. It contains articles on methods of 
teaching chemistry, chemistry objectives, subject matter, new developments, 
chemistry tests, reports of investigations in the field of chemical education, 
book reviews, notices of features which would be of interest to chemistry 
teachers, and a science question department. 

Science Education, C. J. Pieper, editor, New York University, 32 
Washington Place, New York City, 4 issues per year, $1.50. This journal 
is devoted to the improvement of the teaching of science in the elementary 
schools, secondary schools, colleges, and teacher training institutions. 
Each issue contains one or more articles relating to the teaching of chemistry 
or reporting the methods and results of an investigation in this field. It 
has fine abstract and book review sections. 


MATHEMATICAL PROBLEM PAGE 


Directed by PAUL C. CROSS 








Gates Chemical Laboratory, California Institute of Technology, Pasadena, California 


PROBLEMS 56-60 


SOLUTIONS of the following problems will be 
given in the March issue. 


56. By means of a Taylor’s expansion in the neighbor- 
hood of p = fy, show that P = (—RT/V,)In 
(p/p) can be written 


Ti os |e as A 5 (2 a a) 
Vo Po z Po 


1 (bv — 9 
at : pa 

















cee 


is 206, indicating that it was all formed by the 
radioactive disintegration of the uranium. The 
decomposition of the uranium follows the law 
n,/m) = e—', where n, is the amount present at 
the time ¢ and m is the amount originally present. 
The atomic weight of uranium is 238 and X is 
1.47-10- years! for uranium. Estimate the 
age of this deposit. 

and 


Show that y = cos ax, y = sin ax, y = e'*, 























yu en, — i = (—1)”” are all solutions of 
hs an at d V — mv, OV 
57. Given that s = .. o = 4 — the equation © y+ a 4y = 0. 
d logio No UD) One 
= Vo, and mv, is constant, derive s/2.303 = Ve : me 
- : _ 60. Given that ey + a*y = 0 and the boundary con- 
> xX 
[Lewis and Randall, ‘‘Thermodynamics,”’ p. 37.] ditions that y = 0 when x = Oand y = 0 whenx = 
58. A certain uranium ore contains 22.8% as much l, find the values which a may have. (Use the 
lead as uranium. The atomic weight of the lead solution y = sin ax.) 
SOLUTIONS OF PROBLEMS 51-55 
[J. Cuem. Epuc., 11, 57 (1934) ] 
51. Since — tt = ts — be x Adx x Bdx 
2 i oS, ce... cae bax 
@—%X_ @— Xs * =i Leora ies | b-—x 
shy alle — , To determine A and B, 
a? — (m1 pram + x1x%3 = a? — 2xoa + x2 a . eer ae oh 
a= rae eam a—x 5 —Xx (a — x)(b — x) (a — x)(b — x) 
sae ,; ; xa? — xs Equating the coefficient of x to 0 and the constant to 1 gives 
52. Substitutinga = 5 —— and“ —h =T the relations 
oxy —~ X%1 — Xs 
eer Soty ae a-— x A+B= 
in the equation k = gi Maoh bA +aB = 
bom hy MH Fs — Qeam + mit + Mims which on solution give 
T Xo? oe Tata “= 2x. 9? ae X1Xe + XoX3 
] (x, — %:)* Ll XH A= — Bus 1 
k = - In ——__— . = = in ———-: b 
T (X2 mad X1)(Xs ate Xe) T Xs — X , 
53. Note: Unfortunately, an error occurred in the statement of [ke] mer aE [-» (a — » | +; ey oo8 - x) | 
Problem 53 in the January number. Correction may be 
made by changing the zero subscripts to one throughout. 1 ans b 
= In —— +1n p=] 
1 » ~ a—b b-—x 
a = ist +1 
1 b(a — x) 
1 C C2 <1] k= In <* 
= — — ra = b a b eke 
SSL ee, Ts FR on see 
ae a " CiCe . - + Cn-1, 55. ki aS e(—E: + E:)/RT = K 
"Gite tenes sf 
All the C’s cancel except C; in the numerator and C, in the In K — In(si/s2) = (—Ei + E2)/RT 
denominator. Also (m — 1)r = t, — 4. Thus din K v E, — E be AH 
1 “i=n—-1 "on cal dT RT? RT? 
n—1 Pai hiiti= Peas al it whence AH = E&, — Fp. 
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CORRESPONDENCE 


BALANCING EQUATIONS ALGEBRAICALLY 


To the Editor 
DEaR SIR: 

Our purpose in asking students to balance equations 
should surely be to teach chemical principles. The ion- 
electron method probably has the greatest instructional 
value. Those who nevertheless prefer the algebraical 
method ought to use it elegantly. A large number of 
the substances appearing in any chemical equation may 
be balanced with respect to one another by simple in- 
spection. There probably never remain more than 
two others, to be treated as unknowns. 

By a group we shall mean a set of substances whose 
porportions relative to one another can be determined 
by inspection, independently of the rest of the equa- 
tion. In the example below, we assume 1 molecule 
of KMnOQu,, then see at once that there must be 1 
molecule of KHSOu,, 1 of MnSQOu,, and hence 2 of H2SO,. 
These four substances form a group. The elements 
(here K, Mn, S) which are considered in adjusting pro- 
portions within the group, and which do not occur out- 
side the group, we shall call determinant elements. A 
group of substances will contain » — 1 determinant 
elements. 

Let us next assume x molecules of H2C201, whence we 
see that there will be 2x molecules of CO:. The ele- 
ment C is here the determinant element for a group of 
two substances. Finally, let the number of molecules 
of H,O be represented by y. 

Since there are two unknown quantities we must get 
two independent equations, by counting atoms for the 
two non-determinant elements, O and H: 

KMnQ, + H.SO, + H2C20,4 —_> 
1 2 ae 








Molecules: 
Atoms of O: 4 8 4x — | 
Atoms of H: 4 2x 
KHSO, + MnSQ, + CO. + H20 
1 1 2x y 
+ 4 4 4x y 
1 2y 


If we treat quantities to the right of the vertical line 
as positive and those to the left as negative, we have 


0 
0; 


For O: + y—4 
ForH: —2x + 2y —-3 


hence y = 4 and x = 5/2. We may then double the 
whole equation, to clear of fractions. 

Whenever y represents molecules of water, as in the 
example just given, y may be eliminated automatically 
by calculating twice the atoms of oxygen minus the atoms 
of hydrogen, instead of calculating the atoms for these 
two elements separately. In the above example this 
would give 


8 12 Ge | 7 8 8x 0 


whence x = 5/2. 

In the next example the determinant elements are 
Cu and H, and the non-determinant elements, used 
in the final summation, are N and O: 


Cu + HNO; —»> Cu(NO;)2 + NO + H20 





Molecules: 1 2x | 1 y x 
Atoms of N: 20 — + 2 y 
Atoms of O: 6x 6 y x 
For N: —2x +y+2 =0 
For O: —5ix +y+6=0 


Hence x = 4/3 and y = 2/3. Clear of fractions by 
multiplying the equation through by 3. We might 
have eliminated y automatically by calculating atoms 
of oxygen minus atoms of nitrogen, instead of calculating 
atoms for these two elements separately. 


Sincerely, 
H. G. DEMING 


THE UNIVERSITY OF NEBRASKA 
LINCOLN, NEBRASKA + 





BIBLIOGRAPHY OF DR. NEWELL’S HISTORICAL PAPERS 


Some of Dr. Lyman C. Newell’s historical papers are. 


“Robert Brown and the Discovery of the Brownian Movement,”’ 
Ind. Eng. Chem., 15, 1279 (1923). 

“Charles W. Eliot—Chemist,” ibid., 16, 636 (1924). 

‘Founders of Chemistry in America,’ J. CHEM. Epuc., 2, 48 
(1925). 

“Colonial Chemistry. I. New England,” zbid., 2, 161 (1925). 

“Benjamin Hale,” ibid., 2, 457 (1925). 

‘“‘Faraday’s Discovery of Benzene,” ibid., 3, 1248 (1926). 

“Centenary of Cannizaro,” ibid., 3, 1361 (1926). 

“One of Priestley’s First Letters Written from Northumberland,” 
ibid., 4, 173 (1927). 

“Count Rumford—Scientist and Philanthropist,” Science, 68, 
67 (1928). 


“Notable New England Chemists’ (with TENNEY L. Davis), 
pamphlet for Swampscott meeting of the Am. Chem. Soc. 
1928). 

“jad Rint Adet,’”’ J. Cuem. Epuc., 8, 43 (1931). 

“Early Portraits of Benjamin Silliman,” zbid., 8, 240 (1931). 

“Faraday’s Contributions to Chemistry,” ibid., 8, 1493 (1931). 

‘Caricatures of Chemists,’’ zbid., 8, 2138 (1931). 

“Historical Sketch of the Division of History of Chemistry,”’ 
tbid., 9, 667 (1932). 

“‘Chemical Education in America from the Beginning to 1820,” 
thid., 9, 677 (1932). 

“Peter Porcupine’s Persecution of Priestley,’ zbid., 10, 151 
(1933). 

“Chemistry in the Science of Egyptology,” ibid., 10, 259 (1933). 
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KEEPING UP WITH CHEMISTRY 


Solvents. Anon. Jnd. Bull., Arthur D. Little, Inc., 83, 3-4 
(Nov., 1933).—The great solvent of the world is water. When 
one uses the plural, ‘‘solvents,”’ it is almost invariably organic 
solvents that are meant. Rubber seems to have led the field 
in the call for solvents. One of the earliest solvents was tur- 
pentine, used to make waterproof cloth. Later, coal tar, benzol, 
and, still later, petroleum fractions were introduced. Spirit 
varnishes were developed and alcohol was the solvent for ‘‘gums,”’ 
such as shellac, sandrac, and Manila. It was nitrocellulose 
(pyroxylin) which injected versatility into the field of solvents. 
Banana oil (amyl acetate) came as a welcome advance to replace 
alcohol and ether mixture which dissolved nitrated cotton. 
Today’s industry has built up combinations of solvents and 
solvent types. The spray gun has increased such a demand. 
The dry-cleaner has replaced the old naphthas and raw gasolines 
and added many ‘“‘spotting fluids.’’ Alcohol is still used in 
large amounts as the principal solvent for medicinal agents, 
flavors, and perfumes. For a long time the solvents were ob- 
tained from nature. These were supplemented by a few derived 
from destructive distillation. Then came the truly manufactured 
solvents. Since the war, a great corporation has developed, us- 
ing the fermentation of corn to produce butyl alcohol, alcohol, 
and acetone. Another large company creates solvents prin- 
cipally from ethylene gas. Still others use natural gas and the 
gases from the cracking of petroleum. G. O. 

Non-metallic minerals. ANoN. Ind. Bull., Arthur D. 
Little, Inc., 83, 4 (Nov., 1933).—In a recent address in Chicago, 
reported in Mining and Metallurgy, there was pointed out the 
increasing importance of the non-metallic industry, stressing 
particularly the great value of quarried natural building stone 
and of brick for plant equipment. Sulfur, a non-metallic mineral, 
is used in the manufacture of sulfuric acid, one of the chemicals 
which ‘‘measures the prosperity of a nation.” Glass-making 
necessitates the production of extremely pure silica or glass sand, 
and Sillimanite is used in clay, pottery, and porcelain produc- 
tion. Fertilizers use large amounts of phosphate rock. Non- 
metallic minerals are fully as promising as the metals for exploita- 
tion. -G. O. 

Colloidal graphite. Anon. Jnd. Bull., Arthur D. Little, Inc., 

» 2 (Nov., 1933).—When Acheson first produced colloidal 
suspensions of his electric-furnace graphite, he did not anticipate 
such diversified applications as we have for this substance today, 
as the conducting base for electroplating non-metallic bodies; 


as parting compound in rubber, glass, and metal-molding opera- 
tions; as heating element in low-wattage devices; as boiler- 
scale retardant, or applications in biological research. Con- 
centrated suspensions of colloidal graphite in water are con- 
sidered practically indispensable in the wire-drawing of tungsten, 
molybdenum, and tantalum. Aqueous colloidal graphite is 
finding steadily growing use in the field of applied electronics. 
For instance, it is used on the grids in radio tubes to retard 
secondary emission, and as a coating on the interior of certain 
types of vacuum tubes, to conduct away any electrical charge 
which may accumulate thereon, and as electrode material in 
selenium cell manufacture where the production of selenides is 
undesirable. It serves as a conducting cement for fastening 
carbon filaments to the lead-in wires of therapeutic and similar 
lamps. In low-cost microphones and telephones, graphite films 
on the walls of the carbon granule chambers are displacing 
the usual carbon button assembly. A new application for 
aqueous suspensions of colloidal graphite is in connection with 
the preparation of surface coatings for matrices used in stereo- 
type work. G. O. 

A raw material for many uses. A.P.PrecK. Sci. Am., 149, 
256 (Nov., 1933).—Research chemists have perfected a method of 
eliminating almost all of the contaminating organic matter which 
nature builds up around cellulose. The principal source of 
highly purified cellulose is spruce wood. By subjecting spruce 
wood pulp to the action of acids, washing baths, bleaching solu- 
tion, etc., it has been possible to produce cellulose with a purity 
of 92% upward. This purified cellulose goes under the name of 
solka and its influence is being felt in such widely separated fields 
as the shoe trade, manufactured roofing, paper making, weaving, 
and the production of molded plastics. BaC ck. 

Chemical engineering builds a synthetic aliphatic chemicals 
industry. Epir. Starr Report. Chem. & Met. Eng., 40, 
564-9 (Nov., 1933).—Synthetic aliphatics are now a significant 
part of American chemical industry. Laboratory curiosities 
have become tonnage and tank-car chemicals. Entirely new 
products not even known previously to the organic specialist 
are being synthesized commercially. Natural hydrocarbons 
are retailored to fit each industry’s wants. Compounds of pre- 
determined properties are custom-built to user specifications. 
One company now markets five dozen distinct aliphatic chemi- 
cals of industrial importance. j. Wo . 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


The purification of mercury by an electrolytic method. M. 
E. HANKE AND M. JOHNSON. Science, 78, 414-5 (Nov. 3, 
1933).—An apparatus is described which is inexpensive and easily 
prepared, and in which 500 cc. mercury can be purified in one and 
one-half hours. In general the procedure is to make the mercury 
the positive pole of a 110-volt p.c. first in the presence of 10% 
H2SO,, then in the presence of 5% NaCl, and finally to make the 
mercury the negative pole in the presence of H,SO, and to remove 
by filtration the scum which forms on the mercury during each 
of these steps. The apparatus consists of a wide-mouthed bottle 
with a stopper containing two glass tubes with platinum elec- 
trodes sealed in the ends and containing also inlet and outlet 
tubes for air. An ordinary suction pump draws air through, 
thus agitating the mercury and preventing explosive mixtures of 


hydrogen and oxygen. Sufficient resistance by means of hot 
plates or lamps should be given the 110-volt current to give a 
current of about 3 amperes. jl ON 
Recovery of carbon tetrachloride. MErENDENHALL, McCLurReE, 
AND HUNTSINGER. Science, 78, 482-3 (Nov. 24, 1933).—The 
carbon tetrachloride extract is ‘placed in an Erlenmeyer flask, 
which is warmed by means of an electric heater. As the carbon 
tetrachloride is volatilized, it escapes through a tube, the distal 
end of which dips into and down to the bottom of a kidney- 
shaped pan which is filled with mercury to the depth of one or 
two inches. Ice cubes are placed on the surface of the mercury 
to keep it cool. In passing to the surface of the mercury, the 
carbon tetrachloride condenses and emerges as liquid carbon 
tetrachloride which can readily be poured off. B.C. K. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


Vitamin C. F.Micuaer. Z. angew. Chem., 43, 533-6 eee. in 
19, 1933).—A general survey of this subject. L. S. 


The chemical action of X-rays. P. GUNTHER. Z. angew. 


Chem., 43, 627-31 (Oct. 7, 1933).—A lecture presented in 
memory. of Conrad Réntgen at the 46th general meeting of the 
Verein Deutscher Chemiker at Wiirzburg, June 8, 1933. L.S. 
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HISTORICAL AND BIOGRAPHICAL 


Uses of food. “A classic of science.”” W. O. ATWATER. 
Sci. News Letter, 24, 91-2 (Aug. 5, 1933).—This ‘‘classic of sci- 
ence’”’ is reprinted from Experiment Station Bulletin 21, for the 
year 1895 and is entitled, ‘‘Methods and results of investigations 
on the chemistry and economy of food.” 

“The two chief uses of food of animals are: first, to form the 
materials of the body and repair wastes and, second, to yield 
energy in the form of heat (for body comfort) and muscular and 
other power.” 

The different nutrients of foods act in different ways in fulfilling 
these purposes. The principal tissue formers are the albumi- 
noids. These may also serve as fuels and are the most important 
of the protein compounds. The chief fuel ingredients of food are 
carbohydrates and fats. The nitrogenous extractives can neither 
build tissue nor serve as fuel but are useful otherwise; they ap- 
pear to exert some influence as stimulants. Mineral matters 
also aid tissue builders, particularly in building bone tissues. 
That the use of food in our bodies is varied is shown by the follow- 


food is a tissue builder, a waste repairer, it is stored as a 
fuel, and protects body tissues from consumption. B.C. H. 

The 70th birthday of Paul Walden. P. Gwtnruer. Z. 
angew. Chem., 43, 497-8 (July 29, 1933).—A biography accom- 
panied by a photograph. Le S. 

Nobelcentenary. ANon. Nature, 132, 631 (Oct. 21, 1933).— 
The centenary of the birth of Alfred Bernard Nobel (1833-96) 
occurred on October 21. Nobel at an early age had his atten- 
tion attracted to the subject of explosives, due to the invention 
in 1846 of gun cotton by Schénbein, and of nitroglycerin by 
Sobrero the next year. His experiments with these new ex- 
plosives led to the manufacture of dynamite, which was patented 
in 1867, and later of blasting gelatin and other explosives of that 
type. 

Some of Nobel’s wealth was derived from the exploitation, 
with his brothers, of the Baku oil fields. 

In his will he left about $1,400,000 as a foundation for prizes 
for notable work in various phases of intellectual activity. 
FB. D. 


ing: 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


A new interpretation of the functions of high-school science. 
E. R. Downinc. J. Higher Educ., 4, 365-7 (Oct., 1933).—Col- 
lege teachers of science have been free to express opinions on the 
futility of high-school science as a groundwork for ensuing col- 
lege courses. The general opinion is that those who have had 
high-school sciences do no better work than those who have not. 
Entrance examinations set by the colleges in the science subjects 
may be partially responsible. A student is required to cover the 
whole subject of physics, biology, etc., instead of mastering a few 
important principles. The plea is made that teachers of science 
in public schools concentrate on the mastery of the most impor- 
tant principles needed by the consumer of science and that colleges 
change their entrance requirements so as to encourage such an 
outcome of public-school science. E.G. kK. 

The training of high-school science teachers with a suggested 
curriculum. B. W. Pret. Sci. Educ., 17, 199-202 (Oct., 
1933).—The author states that the consensus of opinion expressed 
by the Michigan College Chemistry Teachers Association at their 


December, 1932, meeting held at Ann Arbor, was to the effect 
that high-school chemistry teachers usually have insufficient 
training in the other sciences. Science teachers need a rather 
broad foundational training in all the sciences—a recommenda- 
tion in keeping with that enunciated in the Thirty-First Year- 
book of the National Society for the Study of Education. An 
outline of the new science curriculum of the Michigan State 
Normal College at Ypsilanti is included. CMP. 
The changing world and the curriculum. T. H. Briccs. 
Teachers Coll. Record, 35, 33-55 (Oct., 1933).—Changes in soci- 
ety, changes in communication and transportation, changes in 
industry and business, changes in wealth, changes in opportuni- 
ties for leisure, changes in democracy and politics, changes in 
the family, changes in wealthy conditions and provisions, changes 
in science, changes in ethics and religion, and changes in the 
secondary schools—all demand a change in the secondary school 
itself. Cc. M. P. 


EDUCATIONAL MEASUREMENTS AND DATA 


Are we wasting our chemistry student’s time? L. T. Lucas. 
Sct. Educ., 17, 236-40 (Oct., 1933).—This is the résumé of a 
study whose purpose was twofold. First it was proposed to 
find the present tendency in chemistry teaching in both high 
school and college, as revealed by the contents of the most 
generally used textbooks. Second, an attempt was made to 
determine the extent of articulation or overlapping between high- 
school and college courses in chemistry as presented to the same 
students. The six most commonly used high-school textbooks 
and the six most widely used college textbooks served as a basis 
for the study. Findings: (1) a large degree of overlapping exists 


between the two courses; (2) in high-school chemistry over 
half of the student’s time is wasted in the study of facts that do 
not contribute to the mastery of the principles of chemistry. 
The same thing may be said in regard to college chemistry; 
(8) very little mathematics is required of either college or high- 
school chemistry students; (4) there is a tendency in college to 
segregate those students who have not had high-school chemistry; 
and (5) the student who is taking chemistry in college after 
having had it in high school is almost completely wasting his 
time while he is studying the elementary college course, or the 
time spent on high-school chemistry was a totalloss. C. M. P. 


PROFESSIONAL 


The training of high-school science teachers with a suggested 
curriculum. See this title above. 


(Sept. 23, 1933).—An article showing the influence of the new 
German political situation on the chemical profession in Ger- 


National socialism and chemistry. Dr. KReTzscHMAR. Z. many. es 
angew. Chem., 43, Part I, 1-2 (Sept. 2, 1933); Part II, 5-6 
GENERAL P 


Coal mine in a museum. F. THONE. Sci. News Letter, 24, 
278-9 (Oct. 28, 1933)—Modern museums undertake to see 
that machines and models actually work. The Museum of 
Science and Industry in Chicago has captured a specimen of a 
whole major industry, installed it within its walls, and is keeping 
it alive and working. The exhibit is a coal mine which is an ex- 
act duplicate of one of the great mines of the southern Illinois 
bituminous district. The visitor to this make-believe mine is 
given the sensation of a ride down to great depths in the mine’s 
cage. At the end of this drop he sees real electric-driven coal 
cars, automatic weighing scales, and the most modern mining 
machinery—all in operation. A trip through this mine is _— 
to be highly educative as well as entertaining. B.C: 

The chemical future. ANon. Ind. Bull., Arthur D. Little, 
Inc., 82, 1 (Oct., 1933).—This is the title of the concluding chap- 
ter of avery timely book by Williams Haynes entitled, ‘‘Chemical 
Economics.’”’ In this chapter Mr. Haynes points out how chem- 


istry is moving the very foundations of our preseft industrial life. 
He sketches the birth and growth of chemical industry in the 
U. S. and stirs the imagination by his portrayal of the romance of 
chemical commerce. 


The primary purpose of the book is to set 


forth the economic foundations of the chemical industry. This 
is so admirably accomplished that executives generally will find 
the book suggestive as well as enlightening. G. O. 
Some chemical aspects of life. F. G. Hopxins. Chem. & 
Ind., 52, 719-29 (Sept. 8, 1933).—See p. 758 of December, 1933, 
J. CHEM. Epuc. E. R. W. 
The habit of scientific thinking. V. H. Noir. Teachers 
Coll. Record, 35, 1-9 (Oct., 1933).—Unscientific thinking has 
caused and tolerated present social and economic conditions. 
Taking as a thesis the importance of attitudes as determiners of 
behavior, the author discusses the following general points: 
(1) the scientific attitude is one of the most desirable for in- 
dividuals to acquire; (2) the scientific attitude, like other atti- 
tudes, is based upon habits of thinking which can be defined. 
Six fundamental habits of thinking are described as char- 
acteristics of the scientific attitude: (1) habit of accuracy in all 
operations, including calculation, observation, and report; (2) 
habit of intellectual honesty; (3) habit of open-mindedness; (4) 
habit of suspended judgment; (5) habit of looking for true cause 
and effect relationships; and (6) habit of criticism, including 
self-criticism. C. M. P. 





RECENT BOOKS : 


[GuIDEs TO SOUND Fitms.] 1. ENERGY AND ITS TRANSFORMA- 
TION. 2. Execrrostatics. Hermann I. Schlesinger and Har- 
vey B. Lemon, University of Chicago. University of Chicago 
Press, Chicago, 19383. 1. iv+25pp. 2. iv+26pp. 8and 
9 figs., respectively. 14 X 20cm. 35 cents each. 


ENERGY AND ITS TRANSFORMATIONS 


The booklet is a study guide to aid the teacher in preparing 
the class for the picture, to make clear the objectives of the unit 
treated and give additional references and other materials con- 
sidered useful in assisting in the interpretation of the subject 
matter of the picture. A list of eight specific objectives is fol- 
lowed by a three-page presentation of material fundamental to 
that of the film. A topical outline of study materials is followed 
by suggestions as to how the film may be used most effectively. 
Numerous notes at various points in the study outline and nearly 
two pages of references at the end are given to aid the teacher 
in selecting additional study materials. 

This study outline has been very carefully prepared. It is 
concise, clear, and scientifically accurate at every point, as far 
as the writer is capable of judging. A wide field of subject 
matter has been covered and yet the continuity has not been 
lost nor interest sacrificed. This outline will be absolutely re- 
quired if proper use of the film is to be achieved, and teachers 
of the physical sciences everywhere will find it a valuable aid 
in the presentation of the unit ‘‘Energy,’’ whether the film be 
used with it or not. 


ELECTROSTATICS 


This booklet is a study guide to aid teachers in preparing the 
class for the accompanying picture, and to use the picture most 
effectively. A list of ten specific objectives of the study of the 
unit ‘‘Electrostatics”’ is followed by three pages of material con- 
sidered fundamental to the unit. A short topical outline of study 
materials and specific directions covering the use of the film is 
followed by fifteen pages covering the subject matter of the film. 
Throughout the booklet footnotes serve to supplement and make 
more clear statements necessarily short and terse in the film 
itself. Two pages of general references are given to aid the 
teacher in selecting additional study materials. 

This booklet, like all the rest of the series, has been very 
carefully prepared. The authors have been able to go directly 
to the essentials of the unit and to present them clearly and ac- 
curately. A large field of subject matter is covered, yet a definite 
continuity has been kept and a clear-cut, definite story is told. 
The language used is better adapted to the college than to the 
high school, but it is never involved nor too technical as is often 
the case in a paper of this kind. 

This booklet is absolutely essential to the effective use of the 
film and of great value to teachers of physical science everywhere. 

J. O. FRANK 

State TEACHERS’ COLLEGE 

OsHKOSH, WISCONSIN 
PRINCIPLES OF METALLURGY. Donald M. Liddell, Engineer and 

Economist, and Gilbert E. Doan, Associate Professor of Physi- 

cal Metallurgy, Lehigh University. McGraw-Hill Book Co., 

Inc., New York City, 1933. vi + 626 pp. 301 Figs. 15 X 

22.5cm. $5.50. 

According to the commonly accepted meaning of the term, 
this book is a text upon the subject of general metallurgy, since 
it is concerned almost entirely with principles, using specific 
examples only as illustrations of these principles. In the pref- 
ace the authors state that they have attempted to make a book 
that will fulfil two functions: to give the engineering student, 
not specializing in metallurgy, a general view of the subject and 
to give the metallurgical student a good foundation for his work. 
It is apparent that these functions have been well fulfilled in 
this text—at least for those teachers who believe that the limited 
course in metallurgy to be offered to non-specializing students 


should be of this character. The present reviewer differs some- 
what with this view, holding rather to the opinion that the me- 
chanical, civil, or electrical engineering student, at least, will 
profit to a higher degree from a course which is chiefly concerned 
with modern aspects of physical metallurgy. Many other 
college teachers believe otherwise, and, in any event, it must be 
admitted that the present text is written in an extremely clear 
manner and that it is, for the most part, well-balanced. 

The senior author is responsible for Part I, on Materials Con- 
sumed in Metallurgy (48 pp.), dealing with ores, slags and 
fluxes, refractories and furnace linings, fuels and their use, 
and air and water supply. The junior author has written 
Part III (233 pp.), covering the metallic state, alloys, proper- 
ties as related to structure, technology of shaping metals, other 
physico-metallurgical processes, and slags, bullion, matte and 
speiss. Part II (206 pp.), is collaborative and contains chapters 
on ore preparation for extraction processes, hydrometallurgical 
apparatus and processes, electrometallurgy and electrometallurgi- 
cal apparatus, sampling, dust and fume control, and measure- 
ment of temperatures (Liddell), and on pyrometallurgical proc- 
esses and briquetting (Doan). 

One might wish that the discussion of slags and fluxes had been 
illustrated by one or two equilibrium diagrams, merely to illus- 
trate the general method of reasoning, since an extended dis- 
cussion of slag systems from this standpoint would be out of 
place in a treatise of this scope. Fortunately, the general prin- 
ciples are given notice in the last chapter, which deals with slags, 
matte, bullion, and speiss. 

It might likewise seem that as important a subject as that of 
flotation deserves more than its approximate one and one-half 
pages. 

The portion dealing with physical metallurgy is exceptionally 
good. The discussions are clear and they are illustrated by 
many drawings and photographs which should materially assist 
the student in his attempt to grasp modern conceptions as to the 
physics of metallurgy. 

Whether this book be used as a class text or placed in the library 
as a reference book, it will be of assistance to both teacher and 
student. 

E. G. ManINn 

UNIVERSITY OF NOTRE DAME 

NotTrRE DAME, INDIANA 


(For Intermediate Science Students.) 
N. M. Shah, M.Sc., Karnatak College. The Students’ Own 
Book Depot, Dharwar, India. Second edition, 1933. ix + 
93; iii + 63 pp. and appendices. 32 Figs. 14 X 21.5 cm. 
Rs. 1/8. 


PRACTICAL CHEMISTRY. 


The laboratory manual is designed for students preparing for 
the intermediate science examinations in the Indian universities. 
It includes a few experiments in general inorganic chemistry, 
but much greater space is devoted to analytical procedures—both 


qualitative and quantitative. This emphasis makes the book 
unsuited to the conventional courses in American universities. 

The illustrations of apparatus and technics are unusually well 
conceived, the print is excellent, and there are but few typo- 
graphical errors, although incongruity is introduced by the use 
of English units of length and metric units of volume. 

Scant attention is paid to Br, I, P, As, S, N, and C, except as 
these elements are involved in analytical tests. On the other 
hand, the student is given thorough opportunity to purify mate- 
rials, to determine equivalent weights, to identify pure com- 
pounds and mixtures, estimate the solubilities of salts in water, 
and to prepare salts by various methods. 

The course is designed to be completed in a year’s time with 
three two-hour periods per week. 

R. A. BAKER 

COLLEGE OF THE 

City or New York 
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KASIMIR FAJANS 


Dr. Kasimir Fajans, Professor of Physical Chemistry at the 
University of Munich, co-discoverer with Gohring of brevium 
(uranium X_), formulated, simultaneously with Soddy, the law of 
radioactive displacement of elements in the periodic system. Hs 
publications deal with radioactivity, thermochemistry, the theory of 
solutions, and the theory of chemical forces in atomic structure. 
In 1930 Dr. Fajans filled the George Fisher Baker Non-resident 
Lectureship at Cornell University. 

The above photograph was taken at the new physico-chemical 
laboratory at Munich in the summer of 1932 by Professor C. W. 
Foulk of The Ohio State University, who has kindly permitted us 
the use of the film. + 


BOSTON UNIVERSITY 
COLLEGE OF LISERAL ARTS 
LIBRARY 








EDITOR’S OUTLOOK 


N OPEN LETTER TO THE HONORABLE 

HAROLD L. ICKES, SECRETARY OF THE 

DEPARTMENT OF THE INTERIOR. The 
sums of money appropriated by Congress for loan or ex- 
penditure in effecting national economic reconstruction 
are so vast as to transcend the average citizen’s powers 
of conception. It implies no lack of confidence in the 
wisdom of the administrators to whom these funds have 
been entrusted to suggest that the problem of effective 
allotment may be difficult to solve in full. The magni- 
tude of the task which confronts you and your aides 
makes it seem a public duty rather than an act of un- 
warranted presumption to offer for consideration any 
contribution, however small, which the proponent sin- 
cerely believes to be worthy. 

In this spirit, therefore, we respectfully invite your 
attention to the need for a program of relief specifically 
adapted to the aid of a numerically negligible but socially 
very significant group of the unemployed—the well- 
trained, capable, and enthusiastic, but involuntarily idle 
scientific research workers. It is far from exaggeration 
to say that the mere maintenance of physical life in the 
individual by no means guarantees the survival of the sci- 
entist. The impending tragedy is not merely that of the 
oblivion of an unorganized and inarticulate minority. 
The nation is on the point of sustaining an irrecoverable 
loss of human and material values. These men already 
represent a considerable public investment in the form of 
expensive subsidized education. Unless that investment 
is immediately protected it will deteriorate rapidly 
through loss of technic, lack of contact with scientific 
work and thought, and destruction of morale. Although 
some of this damage may eventually be repaired in part, 
there will be no possibility of restoring the years of po- 
tential productivity lost through enforced idleness by 
men at the height of their working powers. A competent 
research worker is too expensive, too valuable, and too 
short-lived a piece of human machinery to be neglected 
even temporarily. 

However, the conservative aspects of a relief program 
for research workers are not those of paramount impor- 
tance. If any significant number of carefully selected 
men could be employed under competent leadership in 
intensive research upon problems of fundamental na- 
tional significance for a period of two years the results 
obtained would almost inevitably make the expenditure 
involved seem trivial. To indicate but two illustrative 
projects, it is necessary only to cite recent scientific prog- 
ress in the study of cancer and pneumonia. The pres- 
ent state of our knowledge of both these diseases is such 
as to support great hopes for conclusive results when a 
sufficient amount of additional work has been done. 


Some estimate of the material value of control of either 
or both of these scourges may be formed upon the basis 
of life insurance statistics; the human‘ values would be 
inestimable. 

The machinery for such a project is ready at hand and 
can be put into immediate operation. It is to be found 
in the scientific graduate schools of our stronger univer- 
sities and in our research institutes. Many of these in- 
stitutions have already extended themselves to the limit 
in their attempts to salvage some portion of the waste 
that we deplore. It is safe to say that none of them can 
do more with the resources now at their command. Some 
of them, however, could do much more with additional 
assistance. Competent leadership exists, space can be 
found, most of the necessary equipment is available, if 
workers can be given a decent subsistence wage and if 
the institutions can be given some assistance in sup- 
plying them the matériel of their work. 

No elaborate administrative organization is necessary ; 
no costly and time-consuming preliminary building pro- 
gram is required. Governmental agencies need only in- 
vite the administrative heads of appropriate institutions 
to apply for subsistence and matériel allotments for the 
number of competent research workers they are willing 
and able to sponsor, house, and direct. 

Without central control of the research program some 
slight duplication of effort might occur but it would be 
very slight. Our great research institutions already con- 
duct their own more or less clearly defined programs of 
research with surprisingly little overlapping. Certainly 
no conceivable duplication that might occur could be 
commensurate with the delay and stifling bureaucracy 
entailed by centralized direction. 

It is seldom that so satisfactory and advantageous a 
solution to a vexatious problem lies ready at hand; it is 
seldom that a fiat would be so nearly synonymous with 
the actual execution of the deed. 

We respectfully urge that you examine in detail the 
feasibility of the proposal herewith briefly outlined. 





“Cold light,” the secret of the 
jirefly and the glowworm, has long 
been an interesting puzzle to the 
chemist and the physicist. In an 
article beginning on page 142 of 
this number, Dr. Ernest H. 
Huntress and two of his associates 
at the Massachusetts Institute of 
Technology tell something of labo- 
ratory studies of this fascinating 
subject and discuss in detail a 
singularly illuminating example. 
Photo by C. M. Wareham. 





130 




















GATHERING BLOssoMs 





OF THE ROSE DE MAI 


NEAR GRASSE 








= 


Photo by Lautier-Fils, Grasse 





OBSERVATIONS upon the 
ESSENTIAL OIL INDUSTRIES 
of FOREIGN LANDS 


C. A. BROWNE 


Bureau of Chemistry and Soils, U. S. Department of Agriculture, Washington, D. C. 


In the course of a tour of chemical observations through 
various Mediterranean countries in Europe and the Near 
East considerable attention was given by the writer to the 
agriculture, technology, chemistry, and economic status of 


+++ 


THE FLORAL ESSENCE INDUSTRY 


ROBABLY no chemical industry has been so 
extensively described and pictured in current 
literature as that of the floral essences. Not only 

have the subjects of flowers and perfumes a wide popu- 
lar esthetic appeal but the localization of the chief 
center of the industry at Grasse, in the picturesque 
Riviera of France, brings it annually to the attention 
of thousands of visitors from all parts of the world. 
For the chemist, who wishes to gain first-hand knowl- 
edge of the agriculture and technology of floral essences, 
it is more satisfactory to avoid the establishments 
whose chief interest in welcoming visitors is the sale of 
perfumes, cosmetics, and scented soap and to confine 
his attention to those factories which do not cater to the 
tourist trade. 

Owing to a peculiar combination of favorable cli- 
matic, agricultural, and economic conditions the region 


certain essential oil industries. The observations recorded 
in the present paper were gathered during visits to es- 
tates, factories, expositions, departments of agriculture, 
and foreign consular offices of the United States. 


++ + 


of Grasse is better suited in many ways for a widely 
diversified floral essence industty than any other region 
of the globe. There is here a sheltered location among 
encircling mountains, a proper balance of rain and sun- 
shine, a suitable soil, excellent drainage, a native popu- 
lation with a long background of horticultural experi- 
ence, and a climate that is generally mild and neither 
too humid nor too dry. The one serious climatic draw- 
back is the proximity to the high peaks of the Maritime 
Alps, from which in winter occasional freezing currents 
of air may descend and do serious injury to the planta- 
tions of bitter orange, mimosa, and other delicate 
flower-producing shrubs. A disastrous freeze of this 
character occurred on February 13, 1929, during the 
winter preceding the writer’s first visit to Grasse, and 
millions of dollars worth of damage was done to the 
flower plantations of the Riviera. 

With the exception of rose oil, in which Bulgaria leads 
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the world as regards volume of production, France has 
had a practical monopoly of the European floral essence 
industry for many decades. She has continued to 
maintain this leadership even with the growing com- 
petition of synthetic odorous preparations. In per- 
fumes, as in styles, French manufacturers continue to 
regulate the popular preferences. By the artistic 
blending of different floral essences and by the judicious 
use of synthetics and other adjuncts they have produced 
combinations which perfume manufacturers of other 
countries have been unable to imitate. 

The chemist who visits Grasse is impressed at once 
with the many-sidedness of its essential oil industry, 
with the ramifications of its processes, with the numer- 
ous types of its stills, extractors, and other apparatus, 
and with its flexible adaptation to agricultural and com- 
mercial requirements. The industry is an outstanding 
example of the close harmonious correlation of a highly 
specialized branch of agriculture with a highly special- 
ized branch of chemical industry. As the late Professor 
Otto Wallach, who won the Nobel Prize for his work 
upon the constitution of the terpenes, remarked to the 
writer only a few weeks before his last illness, ‘‘For its 
scenic attractions and the almost infinite variety of its 
essential oil industry, Grasse may be called the chemists’ 
paradise.” 

The floral campaign in the regions about Grasse ex- 
tends usually from February, with the picking of violets, 
until November, with the termination of the blossoming 
of geraniums and other autumn, flowering plants. The 
course of the campaign for several flowers is given in 
Table 1. The statistics of production are very unreli- 
able, and the figures, which vary greatly from year to 
year, are only approximations. In addition to the 
flowers named in the table floral essences are also pre- 
pared from mimosas, hyacinths, heliotropes, marjorams, 





Photo by Lautier-Fils, Grasse 
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mignonettes, carnations, and other blossoms. Besides 
these floral products essences are also prepared at Grasse 
from the leaves, stalks, roots, wood, fruits, etc., of 
various domestic and imported plants such as thyme, 
mint, rosemary, geranium, iris root, vetivert, sandal- 
wood, cloves, and patchouli. 


TABLE 1 
STATISTICS* REGARDING A FEw FLOWERS UTILIZED BY THE FLORAL ESSENCE 
INDUSTRY OF FRANCE 
Estimated Annual 


Flower Time of Picking Production of Flowers, 
: keg. 
ee 150,000 
Jonquil.................. March and April 6,000 
BOG iccccvonsecaces+ve+, QRRaee eee 1,750,000 
Bitter orange............. April to June 2,000,000 
SE SS ee 400,000 
Lavender................. July to September 15,000,000 
CPI cg 1,000,000 
Tuberose................. August to October 40,000 
COMB... cicicivscesss..e. Agate to Hovamber 30,000 





* The figures for production are only roughly approximate and vary 
greatly from year to year. Some of the ranges of estimated production for 
several flowers grown in France for different years are: rose, 1,300,000 to 
2,000,000 kg.; bitter orange, 1,000,000 to 3,000,000 kg.; jasmine, 750,000 
to 2,000,000 kg.; tuberose, 18,000 to 60,000 kg.; cassia, 10,000 to 50,000 
kg. In the case of lavender the U. S. Department of Commerce gives an 
annual estimate of 9,000,000 kg. This is too low, however, for the average 
annual production of lavender oil which, according to Zander, is about 100,000 
kg. Guenther states that the annual production in normal years may be 
approximately 140,000 to 150,000 kg. Zander gives as the general average 
for yield of oil from blossoms 0.6% to 0.8%, Guenther reports from 0.3% 
to 1.0% according to altitude and kind of lavender. Taking 0.7% as the 
general average it would require an annual crop of 14,300,000 kg. of lavender 
blossoms to produce 100,000 kg. of lavender oil and a crop of 20,000,000 
kg. of blossoms to produce 140,000 kg. of lavender oil. The writer’s 
estimate of 15,000,000 kg. of lavender blossoms as the estimated annual 
French production does not, therefore, appear excessive. 


PROCESSES OF MANUFACTURE 


The flowers as soon as gathered are taken to the 
factories where, after being weighed, they are worked 
up as rapidly as possible by the various processes of 
distillation, extraction, maceration, enfleurage, or their 
modifications, the particular treatment depending 
upon the character of the flower and 
the nature of the product desired. 
Only a few typical operations will be 
selected for description. 


DISTILLATION 


The process of distillation is ap- 
plied only to the cheaper and more 
resistant floral essences, such as the 
oils of lavender and of bitter orange 
blossoms. 

Lavender Oil.—This is the chief 
essential oil of the Maritime Alps 
Region, the annual production vary- 
ing from 100,000 kg. to 150,000 kg. 
The true lavender, of which there 
are two varieties (Lavandula del- 
phinensis and L. fragrans), flourishes 
best at altitudes above 2000 feet. 
The plant grows wild in stony pas- 
tures and deserted fields where the 
patches of flowers form conspicuous 
features of the landscape. The 
rights to gather the blossoms of 
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wild lavender are usually auctioned off each spring 
to the highest bidder by the various communities to 
which they belong. In addition to the crops of wild 
lavender there are also large areas of the cultivated 
plant, which are controlled by private owners, among 
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RECEPTION OF LEAVES AND FLOWERS OF VIOLET AT A 
FLORAL ESSENCE Factory IN GRASSE 


whom are several of the large essential oil companies 
of Grasse. The yield of lavender oil varies from 0.4% 
to 0.8% for wild flowers and from 0.8% to 1.2% for 
cultivated flowers, the general average for all kinds be- 
ing probably about 0.7% to 0.8%. The main bulk 
of the lavender oil of the Maritime Alps region is 
produced by small farmers, whose output is sold to 
the large supply houses and exporters. There is a 
growing tendency of the small farmers to form coép- 
eratives with central factories for distilling the flowers 
supplied by the individual members. These codpera- 
tives by the introduction of more scientific methods 
exercise a favorable influence upon improving the yield 
and quality of the oil. 

Two methods of distillation are employed—open-fire 
stills and steam stills. A visit to the more remote sec- 
tions enables the chemist to observe many small rustic 
stills of archaic type and crude construction. The use 
of migratory or portable stills, which was formerly 
common in the hilly sections, is now of less general oc- 
currence. The open-fire stills give a lower grade and 
lesser yield of oil than do the steam stills, owing to a 
partial saponification of the esters (principally linalyl 
acetate) and to an imperfect removal of the oil. 

In the lower altitudes of the Maritime Alps near the 
sea a small amount of oil is distilled from aspic or spike 
lavender (Lavandula spica or latifolia), but the product 
is of lower quality than true lavender oil, being de- 
ficient in linalyl acetate, which is the usual index of 
valuation. At middle altitudes the spike and true 
lavender cross to form a mixed variety known as 
“Lavandin”’ which yields an oil of intermediate char- 
acter. 

Bitter Orange Blossom or Neroli Oitl—More than 
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‘FREATMENT OF TUBEROSE BLOSSOMS BY THE PROCESS 
OF ENFLEURAGE 


The flowers are placed in frames coated on the inside with 
fat which absorbs the volatile essence. 


ninety per cent. of the bitter orange blossoms of France 
are gathered from an area within thirty miles of 
Grasse. The bitter orange tree (Ciirus vulgaris or 
bigaradia) should be distinguished from the sweet or 
edible orange (Citrus aurantium), the skin of whose 
fruit yields the familiar flavoring product known as 
the essence or oil of sweet orange. The bitter orange 
tree gives a partial crop of flowers in eight or ten years 
but does not come into full bearing until the fifteenth or 
twentieth year. The yield of blossoms per tree is said 
to range from 6 to 30 kg., depending upon the age 
of tree, exposure of orchard, character of soil, weather, 
and other conditions. The yield of blossoms is 
variously given as from 400 to 1600 kg. per acre, 
the spacing of the trees in this case being also a deter- 
mining factor. 

The growers of bitter orange blossoms are united in a 
large codperative or syndicate which controls the main 
bulk of production. In case the Grasse factories do 
not pay the producer a satisfactory price, the codpera- 
tive may exercise the option of producing its own 
oil in a large distillery which it possesses at Vallauris. 

At the beginning of the crop in April the flowers yield 
about 0.1% or less of essential oil, this quantity increas- 
ing with the advancement of the season to as high as 
0.18%, if the weather be warm and dry. The average 
yield under ordinary climatic conditions is probably 
not greater than 0.12%. Only about 65 to 75 per cent. 
of the oil of the blossoms is recovered by the ordinary 
processes of distillation. The other 25 to 35 per cent. 
remains in the aqueous condensate and is sold as orange- 
blossom water which finds an extensive use in the prepa- 
ration of scented lotions, pomades, creams, and other 
pharmaceutical products. The yield of orange-blossom 
water is about 1 kg. per kilo of flowers. 

The flowers must be distilled immediately after 
gathering, otherwise enzymic changes may set in which 
give the oil from stale blossoms a very objectionable 
odor. With flowers which come from too remote a 
distance it is sometimes the practice to check decom- 
position by shipping them in brine, the mixture being 
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added to the alembics with water and distilled in the 
ordinary way. 

In one of the establishments which the writer visited, 
neroli oil was distilled from alembics of about 600 liters 
capacity. The flowers were introduced through the 
removable head in perforated basket containers. The 
steam from the boiler underneath passes upward 
through the mass of flowers and carries with it the 
odorous volatile constituents into the condenser and 
recipient. After about three hours the distillation is 
stopped, the container of spent flowers is removed, 
and a new charge is introduced. The essential oil 
accumulates upon the surface of the condensate in the 
recipient, the orange water underneath being drawn 
off by the ordinary Florentine method of separation. 
The yield of essence can be increased by redistilling the 
aqueous condensate (cohobation), but this is not con- 
sidered remunerative in view of the generally good de- 
mand for orange-blossom water. 

Rose Oil.—In France the rose oil industry is chiefly 
concentrated in the region of Grasse between Cannes 
and Nice. The principal variety grown for essence 
manufacture is the common or May rose (Rosa centi- 
folia), the oldest of known roses, although various fancy 
modern creations, such as the Maréchal Niel, Ulrich 
Brunner, and Roseraie de 1|’Hay, are also cultivated for 
purposes of distillation or extraction. The bushes are 
planted in rows from 1.5 to 2 meters apart; they begin 
bearing in the second year and under favorable condi- 
tions give a production as high as 2000 kg. per acre 
from the fourth to tenth year, after which the yield 
declines. 

The crop begins late in April and lasts until June. 
The roses are picked usually early or late in the day, 
in order to avoid the injurious effect of wilting by the 
hot sun, and are then transported immediately to the 
distilleries, where they are at once worked up before 
enzymic decompositions begin. The campaign is pushed 
vigorously, some establishments at Grasse handling as 
high as 50 tons of roses per day. 

Only about one-quarter of the rose crop is distilled at 
present in the Grasse region, the remainder being 
treated by the various processes of enfleurage, macera- 
tion, and extraction. As the fire stills have an in- 
jurious action upon the quality of the oil only steam 
alembics are used. The capacity of these ranges from 
less than 50 to as high as 1500 kg. of flowers. 

The yield of rose oil is much less than that obtained 
from lavender and bitter orange blossoms, being only 
about 0.02 per cent. of the weight of fresh flowers. 
The yield of rose water, which is obtained by the same 
process described for orange-blossom water, is about 
1 kg. per kilo of flowers. The production of rose 
water being the principal aim of the French manu- 
facturers, the distilled rose oil is virtually a by-product. 
Rose water, the most ancient product of floral distilla- 
tion, owes its high fragrance chiefly to the presence of 
phenylethyl alcohol, one of the predominating odorous 
constituents of the rose. It finds an extensive use in 
the manufacture of scented lotions, pomades, cos- 
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metics, and other pharmaceutical preparations. For 
certain uses rose water is said to have an anesthetic 
value. In the Orient it is also employed in the manu- 
facture of scented confections and beverages. 

The processes of open-fire and steam distillation are 
so destructive to the essences of certain flowers, such 
as the jasmine, mignonette, tuberose, and jonquil, that 
other processes are necessary for extracting their 
odorous principles. Even with the flowers which are 
ordinarily distilled, such as the lavender, orange 
blossom, and rose, the character of the essence is ad- 
versely affected so that less destructive methods of 
manufacture are used also for the blossoms of these 
plants when it is desired to obtain perfumes of the 
highest quality. Among the processes employed for 
obtaining the more delicate floral essences are en- 
fleurage (cold maceration), hot maceration, and extrac- 
tion with volatile solvents. 


ENFLEURAGE (COLD MACERATION) 


This process is the most expensive of all methods for 
extracting floral essences and is employed chiefly with 
those flowers which yield the most delicate and costly 
perfumes, such as the jasmine, mignonette, and 
tuberose. The method is based upon the property 
which fatty substances possess of absorbing the volatile 
odorous constituents of flowers from the air. 

In carrying out the process portable wooden frames, 
100 cm. long, 60 cm. wide, and 8 to 10 cm. deep, are 
coated on their inner bottom surface, which is of glass 
or plated metal, with a carefully prepared mixture of 
well-selected lard and beef tallow, about 1 cm. thick. 
The writer was particularly impressed with the great 
care exercised in the rendering and purification of the 
fats, which must be completely free from rancidity 
and the slightest trace of unpleasant odors. The fats 
for the year’s operations are prepared in the winter, 
when the floral campaign is over, and are kept in a cool 
place in containers from which air, light, and moisture 
are excluded. 

The frames, after receiving their coating of fat, are 
filled with freshly picked flowers and then stacked one 
upon the other in such a way that each individual com- 
partment is tightly sealed. They are emptied and re- 
filled, usually every alternate day, care being taken to 
avoid the presence of stale blossoms. In one establish- 
ment visited by the writer, the spent blossoms were 
removed from the frames by a pneumatic device, in 
order to avoid the possible contamination of the fat 
with perspiration from the hands of the employees. 
After thirty or forty changes of blossoms the perfumed 
fat on the bottom of the frames is removed and the 
resultant pomade either sold as such or else worked up 
for its content of floral essence. The handling of the 
thousands of frames in a large enfleurage establishment 
involves a great expenditure of manual labor, and for 
this reason the process is very costly. 

In order to hasten the slow natural volatilization of 
essence from the blossoms various pneumatic processes 
of enfluerage have been proposed by which the same 
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volume of air is drawn mechanically back and forth 
through the mass of flowers along the thin films of ab- 
sorbent fat. None of these devices, however, has 
succeeded in displacing the old hand-frame method of 
extraction. 

To separate the floral essence from the saturated 
pomade, the latter is agitated with absolute ethyl 
aleohol in a closed mixer. The alcoholic solution is 
then removed and the agitation continued with fresh 
quantities of alcohol. The richer alcoholic extracts 
of the first treatment are cooled to a temperature of 
—15° to —20°C., in order to precipitate as much as 
possible of the dissolved fat, and then filtered. The 
alcoholic solution of the essence, which still contains a 
minute quantity of dissolved fat, is usually employed 
directly in the compounding of perfumes. [If it is de- 
sired to prepare the concentrated essence (the so- 
called ‘“‘pomade absolute”) the alcohol is removed by a 
carefully controlled fractional distillation. The weaker 
alcoholic solutions, obtained after the primary extrac- 
tion, are used for treating fresh quantities of saturated 
pomade. The extracted fat of the pomades is not used 


again but is utilized in the manufacture of soap. 
Jasmine Oil.—The manufacture of jasmine oil, one 
of the most delicate and costly of the floral essences, is 
cited as a typical example of the process of enfleurage. 
France has an almost unlimited monopoly of this 
product, nearly the whole output of the world being 
produced in the Grasse district. 


Because of their 
delightful fragrance jasmine extracts, pomades, con- 
cretes, etc., are finding a constantly increasing use in 
the manufacture of a wide class of perfumery prepara- 
tions. The rapid extension of jasmine culture along the 
French Riviera is an index of this growth in popularity. 

The jasmine plant (Jasminum grandiflorum) is a 
shrub which attains a height of about 6 feet. It pro- 
duces blossoms the first year but does not come into 
full bearing until the fourth year, when it yields an- 
nually from 200 to 250 blossoms. The life of the plant 
is about 12 years. The average production of a jasmine 
plantation is about 2000 kg. of blossoms per acre. 
The flowers are gathered between July and October, 
preferably early or late in the day, in order to prevent 
wilting. The gathering of damp flowers after a rain is 
also avoided, both because of a deficiency in perfume 
and also because of the risk of the adhering moisture 
causing the fat of the enfleurage frames to become 
rancid. 

The extraction of the jasmine oil by the frame method 
is conducted in the manner just described. The flowers 
must be fresh; otherwise enzymic decomposition 
may occur, with the production of indol and other 
malodorous substances which injure the character of 
the perfume. The spent blossoms, after removal from 
the frames, are sometimes extracted with solvents 
to produce the so-called “frame oil,’’ a product of 
inferior odorific value. The jasmine pomade is usually 
sold as such; the saturated pomade is estimated to 
contain about a half per cent. of floral essence. 

On account of the immense expenditure of time and 
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labor in the handling of frames and also because of a 
belief that the jasmine essence obtained by enfleurage 
is always slightly contaminated, partly by indol and 
other decomposition products generated in the flowers 
after picking and partly by traces of objectionable 
volatile products emanating from faintly rancid fat, 
there is a preference among some manufacturers for the 
more rapid process of extracting the blossoms with 
petroleum ether immediately after picking. While 
this procedure eliminates some of the defects of the 
slower and more laborious enfleurage process, it has the 
objection of removing the waxes, glycerides, and other 
non-odorous ether-soluble constituents of the blossoms. 
The residue left after the evaporation of the solvent 
constitutes the so-called jasmine concrete, which is 
thought by some to resemble the natural odor of the 
fresh blossoms more closely than the pomade obtained 
by enfleurage. Opinions upon this point, however, 
are at variance. The yield of concrete is about 0.2 
per cent. of the weight of fresh blossoms. The product 
is usually sold as such without further purification. 

By extraction of the pomades and concretes with 
absolute alcohol, chilling, filtering, fractionally dis- 
tilling under reduced pressure at low temperatures, and 
by other means familiar to the organic chemist, are 
prepared the so-called “‘absolute’”’ and ‘‘superabsolute 
essences,’’ which represent the highest concentration 
of the fragrant floral principles. But for the ordinary 
purposes of the perfumers’ art this high degree of 
purification is not considered necessary. 


HOT MACERATION 


A more thorough fatty extraction of floral essences is 
accomplished by the process of hot maceration, in 
which the flowers are wholly submerged in the melted 
mixture of beef tallow and lard at from 60° to 70°C., 
thus bringing the essence-bearing cells into closest 
contact with the extractive agent. In one establish- 
ment which the writer visited, the penetration of the 
fat into the floral tissues was intensified by conducting 
the maceration in a closed agitator under vacuum. 
After a contact of from 12 to 48 hours, depending upon 
the nature of the flower, the liquid fat is removed from 
the plant tissues by filtration, pressure, or centrifugal 
means, and then reémployed for macerating another 
quantity of blossoms. The process is continued until 
the fat is considered to have taken up the maximum 
quantity of essence which it is capable of holding with- 
out loss by volatilization. The melted fat, after the 
final removal of spent floral tissues, is then allowed 
to stand in order to permit any absorbed water to sepa- 
rate, this aqueous contamination being very conducive 
to enzymic decomposition and to the development of 
rancidity in the fat, with consequent injury to the char- 
acter of the perfume. 

The pomades obtained by warm maceration are either 
used as such by the perfume manufacturers or else are 
worked up for their content of essence by extraction 
with absolute alcohol, as described under enfleurage. 
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EXPERIMENTAL GROUNDS AND BUILDINGS OF THE GRASSE EXPERIMENTAL GARDEN 


FOR PERFUME-PRODUCING PLANTS 
City of Grasse in the background. 


Hot maceration is employed chiefly upon roses and 
also upon violets, orange blossoms, and a few other 
flowers. The pomades obtained by hot maceration 
are sometimes enriched by letting them absorb fresh 
quantities of floral essence in the cold by the process 
of enfleurage. By this combined process rose pomades 
are made which are exceedingly rich in essential oil. 


* * * * * * * * * * * * * * * 


The writer asked several of the French producers 
who had visited America for an opinion as to whether a 
large industry of floral essences could be developed 
in the United States. The belief was expressed that 
while certain regions of our country were well adapted 
for the production of certain varieties of flowers, there 
was no single locality which had all the necessary re- 
quirements for a well-diversified essential oil industry, 
comparable with the district of Grasse, whose factories 
could operate continuously upon a large variety of 
flowers for almost the entire year. The floricultural 
conditions which gave Grasse its preéminence were 
closely defined, and flowers that had been grown 
in other places where soil and climate seemed to in- 
dicate possibilities of success were found to be deficient 
in both yield and quality of essential oil. Another 
difficulty which had been encountered in attempting to 
establish a floral essence industry in other localities was 
the lack of extensive horticultural experience among 
the farming population. 


THE GRASSE EXPERIMENTAL GARDEN FOR PERFUME- 
PRODUCING PLANTS 


In the course of his various trips to Grasse the writer 
paid a visit to the ‘‘jardin d’essai des plantes a perfum,” 
which is a codperative experiment station conducted 
by the producers of flowers and the manufacturers of 
floral essences. Of the administrative council of nine 
members two represent the codperatives, one the in- 
dependent producers, five the manufacturers, and one 
the communities where the flowers are grown. The 


station operates under the patron- 
age of the French Institute and 
Academy of Agriculture, whose ex- 
perts and specialists constitute an 
advisory board (Conseil de Perfec- 
tionnement) uponall matters of scien- 
tific detail. The grounds of the 
jardin d’essat comprise about ten 
acres of land, on the slope below the 
city of Grasse, where are located 
the laboratory buildings and experi- 
mental plots. The work of the labo- 
ratories and the field experiments 
were explained to the writer by the 
Director of the Station, Mr. P. 
Boischot. 

The field work of the jardin d’ essai 
comprises cultivation experiments 
upon all the best varieties of aro- 
matic plants suitable for the production of perfumes in 
the Grasse region; improvements in these plants by 
crossing and hybridization; studies of the effects of dif- 
ferent methods of fertilization upon the yields and char- 
acter of essential oils; investigations of soils; methods 
of combating insect pests and plant diseases; irrigation; 
mulching; and many other subjects of related impor- 
tance. 

Of particular interest was the research work upon 
protecting flowers against infectious diseases by growing 
them in soils which had been sterilized by carbon 
disulfide and other disinfectants. The investigations 
upon sub-surface irrigation were also of promising prac- 
tical value, especially in districts of limited rainfall. 
The irrigation pipes of porous earthenware are laid in 
alternate trenches; the pipes are then covered with 
sand which is overlaid with soil. Water introduced 
into the pipes diffuses into the sand and thence into the 
soil, where it is absorbed by the roots of the plants. 
As compared with the ordinary method of surface 
flooding, this method of irrigation, which has been 
especially studied at the experiment station in Avignon, 
effects a great saving of water and also has a more 
favorable influence upon plant growth. The process is 
expensive, howeyer, and is economically possible only 
with the more intensively cultivated crops. 

In the mulching experiments the use of black paper 
(first developed in Hawaii) for retarding evaporation, 
preventing the growth of weeds, and increasing the heat 
absorption of solar rays, was being tried, with encourag- 
ing results. In the chemical laboratories of the station, 
analyses are made of soils, waters, fertilizers, sprays, 
disinfectants, and other agricultural materials. No re- 
search work is done at this station upon the improve- 
ment of processes for distilling and extracting floral 
essences, technological investigations of this character 
being conducted in the laboratories of the perfumery 
establishments which are specially equipped for re- 
search work of this kind. 
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THE LEMON OIL SITUATION 


While France leads in the production of citrus floral 
essences, Italy is the leading producer of the citrus 
fruit essences, such as lemon oil, bergamot oil, orange 
oil, and other miscellaneous essential oils derived from 
the skins of citrus fruits. When the writer visited the 
lemon oil factories of Messina in 1906 the only method 
of expression was the old hand or sponge process. 
During the last two decades the Sicilian industry has 
been slowly mechanized by the introduction of the 
Cannavo machine and other devices, although a con- 
siderable quantity of lemon oil is still expressed by the 
old hand method. Differences in the citral content 
and other constants of the machine-made and hand- 
made essences have caused considerable disturbances 
in the lemon-oil trade, and these have been further 
accentuated by the increasing demand for the ter- 
peneless citrus oils, the terpenes, which are removed 
as a by-product, finding use as an adulterant of genuine 
lemon oil. These facts have been so generally de- 
scribed in the technical and trade literature of the past 
few years that a full discussion of the question at this 
time would be superfluous. Reference is made, how- 
ever, in passing, to the articles, ‘‘La Essence de Citron a 
la Machine” in La Parfumerie Moderne for February, 
1929, page 103, and ‘‘Valeur de l’Essence de Citron’”’ 
in the same journal for April, 1929, page 299. 

The statement was made to the writer in Italy that 
probably not more than 5 per cent. of the Italian lemon 
oil exported to the United States is genuine. This 
condition was blamed upon the importers, as they can 
always obtain pure hand-pressed oil if they are willing 
to pay the price. The editor of La Parfumerie Moderne 
(April, 1929, page 301) also makes the statement that 
the almost complete disappearance of pure lemon 
essence from the market is entirely the fault of the pur- 
chaser, who in 95 per cent. of the cases buys the product 
which is cheapest. In addition to citral from lemon 
grass and lemon terpenes, another adulterant of lemon 
oil which was mentioned to the writer was a synthetic 
product called “‘Pipilena,” the exact nature of which 
could not be determined. 


THE TURPENTINE AND ROSIN INDUSTRY 


In his tour of the Mediterranean countries the writer 
traveled through the turpentine-producing regions of 
Greece, Italy, Austria, Spain, and France. The naval 
stores industry of Europe has attained its chief impor- 
tance, both in yield of products and in superiority of 
methods, in France, to which country the present section 
of this paper is largely confined. Several visits were 
paid to the turpentine woods of the Maritime Alps along 
the French Riviera, but these are of minor importance 
in comparison with the extensive forests of Gascony in 
the Landaise region, east of the Bay of Biscay. The 
writer traversed this region by automobile through 
the Department of Landes, Gironde, ahd Charente, 
where the major activities of the French turpentine and 
rosin industry are localized. 
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One hundred and fifty years ago the Landaise region 
of France was threatened with ruin by the invasion of 
drifting sand dunes until the engineer Nicolas Bremon- 
tier (1738-1809) was able to carry out his project of 
staying their progress with plantings of the maritime 
pine (Pinus maritima). These trees not only saved 
the country from obliteration but by their contribu- 
tions of lumber, turpentine, and rosin are an added 
source of wealth to a region whose thin soil is poorly 
adapted to the growing of crops. The drainage of the 
unhealthful swamps was an additional factor in the 
reclamation of the region. 

In traveling through the turpentine woods of France 
the visitor is impressed by the thorough scientific meth- 
ods of forestation and exploitation. The young 
growths of timber are subjected regularly at quad- 
rennial periods to a judicious thinning out in which 
dead and inferior trees are removed in order to give a 
better stand to the trees that are to reach the produc- 
tive period. At the age of about twenty years, when 
the trees have attained a circumference of about 1.05 
meters at the height of a man, the collection of gum 
is begun. Great care is exercised to prevent the ac- 
cumulation of underbrush which is a chief source of 
danger in the spreading of fires. The growth of ferns 
and of other vegetation is regularly cut and hauled to 
the farmyards as bedding for animals and for compost- 





METHOD OF FAcING AND GuM-COLLECTING IN THE 
TURPENTINE DISTRICT OF FRANCE 
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ing. The neat appearance of the woods, where sheep 
and horses are frequently allowed to graze, is par- 
ticularly noticeable. 

The barbarous methods of mutilating pine trees for 
gum production, such as exist in parts of Greece and of 
some other countries, are never practiced in France. 
The first observation which the American visitor makes 
in the French turpentine woods is the difference in the 
facing of the trees. The number of faces varies 
according to the size of the tree. Their maximum 





Le GemMMAGE A Mort 


Before cutting a large pine tree for timber the facings 
for gum production practically girdle the entire trunk. 


height is limited to three meters; the width of the faces 
ranges from about 9 cm. at the bottom to 6 cm. at the 
top. The depth does not exceed 1 cm. With old trees 
that are being worked to the very limit before being cut 
for timber (Je gemmage a mort), the faces may exceed 4 
meters in height, 10 cm. in width, and 1 cm. in depth 
and may be so close together as almost to girdle the 
tree. 

Another difference noted in the French practice is the 
careful manner in which the trunk is scraped and 
cleaned about each face in order to prevent contamina- 
tion of the gum with dirt and particles of bark. The 
system of employing earthenware cups for receiving the 
gum was invented by Hugues in 1844 but was not 


- tight-fitting cover. 
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generally introduced in France until about 1880, 
long after the death of the inventor. With the intro- 
duction of the movable cup, which replaced the hole in 
the ground or tree at the bottom of the face, the 
modern naval stores industry may be said to date its 
origin. A similar improvement was later effected in 
the United States when C. H. Herty introduced his 
modification of the Hugues cup. 

The cups, which are glazed inside, have an outside 
diameter of 3 inches at the bottom and 5 to 6 inches at 
the top and a depth of 4.5 inches. They are held in 
place by a nail which supports the bottom and by the 
projecting edge of the zinc spout or gutter which holds 
the top. The cups are placed directly in front and also 
sometimes at one side of the face. In some cases a 
single cup is made to serve two and even three faces. 

The gum is collected from the trees and assembled 
at points on the main highways, where it is transferred 
to large barrels, usually of 340-liter capacity, which are 
hauled to the turpentine stills on two-wheeled carts. 
Some of the companies use large tank trucks and tank 
trailers for transporting the gum. The barrels have a 
square opening upon the side which is closed with a 
At the receiving shed the barrels 
are rolled upon supports over large concrete vats into 
which the gum is emptied and allowed to drain. After 
the skimming off of floating impurities the gum is 
ladled into small tanks which are run upon wheels on a 
small track to the still house, where the gum is emptied 
into a receiving reservoir that opens into the still. 

In the best modern establishments the gum is sub- 
jected to a more thorough process of cleaning. Tur- 
pentine is added to lower the gravity of the gum and salt 
to raise the density of the admixed water. The mass 
is then stirred, heated, and allowed to settle. In this 
way there is obtained a perfectly clean gum, free of 
dirt and water, which is then usually lifted by me- 
chanical conveyors to the top of the still house. 

The turpentine stills employed in France are of two 
general types—the old fire stills and the modern steam 
stills. The fire stills, which are being replaced by 
the more efficient steam stills, make up about one-fourth 
of the total number of turpentine stills now in operation 
in the 180 establishments of France. 

In the old system, which the writer saw in operation 
at Laharie, the still, which was of the ‘“‘goose neck” 
type, was heated directly over a wood fire, the turpen- 
tine vapors being condensed by a worm in a tub of 
flowing water. When the still operator, after noting the 
temperature of the retort and listening to the sounds of 
ebullition within, decided that the charge should be 
emptied, he removed a plug at the base of the still and 
let the melted rosin escape along a gutter through a wire 
screen of fine mesh, which removed small pieces of bark 
and other impurities. The liquid rosin was received in 
a portable tank on wheels and then run out ona track to 
the rosin yard where the contents were poured into 
shallow galvanized iron pans about 4, inches deep. 
These pans were left exposed to the sun-for a week or 
ten days for the purpose of bleaching; the cakes of 
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rosin were then turned and 
exposed upon ._the other 
side. 

While solar bleaching 
produces a lighter grade of 
rosin, the economic advan- 
tage of this time-consuming 
procedure is questioned by 
some producers, who hold 
that the bleaching thus se- 
cured is only temporary and 
that the products made 
from such rosin show no 
superiority as regards color 
over products made from 
unbleached rosin. 

The American system of 
designating the color grades 
of rosin by letters of the 
alphabet up to and includ- 





METHOD oF GuM-COLLECTING AND DIPPING IN THE TuR- 
PENTINE WOODS OF FRANCE 


The gum is emptied from the cups on the trees into the 
sunken cask from which it is dipped into the hogshead for 
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various systems, of the de- 
vices for cleaning the gum 
by filtration, and of the 
numerous other technical 
innovations would greatly 
exceed the limits of the 
present paper; for informa- 
tion upon these details the 
reader is referred to the cur- 
rent issues of the Bulletin 
del’ Institut du Pin, of which 
Prof. G. Dupont, Dean of 
the Faculty of Sciences of 
the University of Bordeaux, 
is editor, and to the com- 
prehensive work, “‘Résines 
et Térébenthines’ by M. 
Vézes and G. Dupont. 

A visit was paid by the 
writer in company with Mr. 


ing WW has been adopted hauling to the still house. 


by the French naval stores 
trade, and these grades, which have been officially es- 
tablished by type standards of colored glass according 
to the specifications of the Naval Stores Division of the 
U. S. Bureau of Chemistry and Soils, are now in general 
use. The French X grade differs from the American 
X, and the French have also several grades above X. 
The old method of open-fire distillation is now being 
largely displaced in France by improved methods of 


Photo by L. McD. Browne 
INTERIOR OF TURPENTINE STILL HOUSE AT LAHARIE, 
FRANCE 


The equipment is of the old fire-still type. The turpen- 
tine vapors pass through the “goose neck’’ into a worm 
condenser. The melted rosin is drawn off through the gutter 
on the right. 


steam distillation, of which there are a large variety of 
processes. Some of these newer methods of distilling 
turpentine gum operate intermittently; others work 
continuously. In some processes the distillation is 
conducted under atmospheric pressure and in others 
under a partial vacuum. The descriptions of these 


Lucien Memminger, U. S. 

Consul of Bordeaux, to the 
Institut du Pin which is located in the basement of 
the chemical laboratories of the University of Bordeaux. 
Prof. Dupont, the technical director of the Institute, 
who is widely known for his investigations upon the 
chemistry and technology of turpentine and rosin, 
very kindly devoted an hour of his time to explaining 
the work which was being conducted under his super- 
vision. This work is of a regulatory, research, and 
educational character. 

The regulatory operations of the Institut du Pin are 
concerned chiefly with the control of the purity of the 
various products of the pine. The impurities may be 
accidental or intentional. An excess of water in the 
gum, for example, may result from the flooding of the 
cups with rain (which the producer is supposed to pour 
off when collecting the gum) or from the intentional 
addition of water. Eight per cent. of water is the 
maximum amount permitted in gum. In the same way, 
as a result of entrainment during distillation or of oxi- 





ell ci 
Photo by U. S Forest Service 
INTERIOR OF A MODERN TURPENTINE PLANT, FACTURE, 
FRANCE, SHOWING A DOUBLE TURPENTINE STILL (SYSTEM— 
GaRDAY) 
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dation, turpentine may be contaminated with solid 
impurities, which are accidental, or by the intentional 


addition of some non-volatile impurities. Turpentine 
cannot be sold in France if it contains 25 g. of non- 
volatile residue per kg. It is declared adulterated if 
this residue exceeds 50 g. per kg. 

The addition of kerosene, gasoline, ‘‘white spirit,’ 
or other petroleum distillates, or benzol, toluol, or other 
foreign volatile substances constitutes the chief method 
of adulterating commercial turpentine in France. 
These adulterants are detected by the usual methods of 
fractional distillation and the determination of the 
optical rotation, specific gravity, refractive index, 
absorption spectra, etc., of the various distillates. For 
work of this kind the laboratories of the Institute are 
very completely equipped. 

The research work of the Institute comprises in- 
vestigations upon the separation and identification of 
the different constituents of turpentine and rosin; 
the composition of the gum obtained at different periods 
of the year; the chemistry of gum formation by the 
tree as a physiological process; the effects of variation 
in methods of collecting gum and in processes of dis- 
tillation upon the composition of turpentine and 
rosin; new methods for utilizing turpentine and rosin; 
the deterioration of turpentine and rosin as a result of 
oxidation, heat, and other causes; and the products 
obtained by the destructive distillation of pine wood 
and the properties of the resultant charcoal. These 
are only a few of the interesting lines of research upon 
which the assistants and students of Professor Dupont 
are engaged. 

More recently, since the time of the writer’s visit, the 
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Institute has established a station at Pierreton (near 
Bordeaux) which conducts field studies on manage- 
ment, woods work, silviculture, fire protection, turpen- 
tining, and other practical operations. This field sta- 
tion is also equipped with a chemical laboratory. 

A third department of the Institute is the editorial 
office, where the monthly issues of the Bulletin de 
l'Institut du Pin are prepared. This is the official 
scientific publication of the French naval stores indus- 
try, and each 24-page issue contains original articles 
upon the chemical and technological phases of naval 
stores production and abstracts of the work which is 
being done in foreign countries. 

Professor Dupont spoke of the unfortunate location 
of his laboratories in a dark basement and of his lack of 
adequate space. He hoped to have soon an entirely 
new location for the Institute with larger and better 
lighted laboratory rooms. He was thoroughly familiar 
with the numerous phases of the naval stores industry of 
America, but his numerous activities as dean, professor, 
investigator, and editor, demand so much of his 
attention that he has thus far been unable to carry out 
his long-deferred plan of paying the United States a 
visit. 

During his stay in Bordeaux the writer called upon 
M. P. Maydieu, the president of the Syndicat des 
Produits Resineaux of France, who discussed the 
present status and the future outlook of the naval stores 
industry of France. This industry like all other 
industries, is suffering at present from the effects of the 
world depression. The exportation of pine timber as 
mine props to England was formerly a source of con- 
siderable revenue, but this has suffered a serious de- 
cline in recent years with the ex- 











Rosin BLBACHERY, FACTURE, FRANCE 


The melted rosin from the still house is run out in a small tank car to the rosin 
yard where it is poured into shallow pans for bleaching in the sun. After bleaching 
the rosin is transferred to barrels as shown in the background. 


Photo by U. S. Forest Service 


tensive closure of coal mines in Eng- 
land and Wales. M. Maydieu 
had visited the naval stores region 
of the United States and was thor- 
oughly conversant with American 
methods. He was optimistic re- 
garding the future development of 
the turpentine and rosin industry of 
France and spoke of certain im- 
provements which were helping to 
place it upon a stronger and more 
remunerative basis. 

The opinion was expressed in 
France that while further improve- 
ments would undoubtedly be made 
in methods of distillation and utili- 
zation, the most important benefits 
of future naval stores research would 
relate not to manufacturing tech- 
nology but to gum production. The 
Hugues system of gum collecting, 
which added millions to the value of 
the annual output of naval stores, is 
cited as an example of what has 
been accomplished in this field, but 
great as its benefit has been, this 
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system has never been regarded as 
the final limit of attainment. Just 
at present the attention of naval 
stores producers is being directed 
to the new Bellini process for col- 
lecting turpentine gum, which is 
said to give much higher yields of 
turpentine than are obtained by the 
present system. In the Bellini proc- 
ess the gum is collected in a closed 
container with a large reduction in 
the losses from evaporation and oxi- 
dation which take place in the open- 
face method. A considerable degree 
of secrecy has surrounded the devel- 
opment of the Bellini process, and 
detailed descriptions of the equip- 
ment and its operation are lacking. 
A sample of the Bellini process gum, 
analyzed by the Industrial Farm 
Products Division of the Bureau of 
Chemistry and Soils, gave a recovery 
of 36 per cent. by weight of turpen- 
tine and 63 per cent. by weight of 
rosin. This high yield of turpentine is about 15 per 
cent. better than the usual results of American prac- 
tice, and if the gum analyzed is an accurate represent- 
ative sample the new Bellini process would seem to offer 
some promising opportunities. Its chief drawback up 
to the present is the low yield of gum, which makes 
it unattractive commercially. 

As a general comparison of French and American 
naval stores conditions it may be said that while in 
woods operations the American practice is now rapidly 
approaching the excellence of French methods, we are 
still vastly surpassed by the French in the technic of 
handling the gum. The French procedure of cleaning 
the gum thoroughly before distillation is far superior 
both theoretically and practically to the American 
practice of straining out the impurities from the melted 
rosin after distillation. 

The naval stores industry of America is greatly in- 
debted to Consul Lucien Memminger for the valuable 
information which he has constantly supplied to Ameri- 
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CHARCOAL BURNING AT THE EDGE OF THE PINE WOODS BETWEEN SALLES AND 


MI0os, NEAR BORDEAUX, FRANCE 


The conical piles of wood are covered with earth, as shown at the right, and after 
ignition allowed to smoulder until reduced to charcoal. 
right have each one cup for collecting the gum from three faces. 


The two pine trees at the 


can interests regarding the status of turpentine and 
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tute of America. 
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The OXIDATION of 3-AMINO- 
PHTHALHYDRAZIDE (“LUMINOL”) 
as a LECTURE DEMONSTRATION 

of CHEMILUMINESCENCE’ 


STANLEY, anp ALMON S. PARKER 


ERNEST H. HUNTRESS, LESTER N. 


Altention is directed to the most striking instance of 
chemiluminescence which appears to have been observed 
and to the extraordinary advantages which the reaction 
possesses over the conventional cases. A simple eco- 
nomical two-stage synthesis of 3-aminophthalhydrazide 1s 
described which readily gives excellent yields of pure 
product. Specific directions are given for demonstration 
of its brilliant chemiluminescence in dilute aqueous al- 
kaline oxidizing agents. 
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HE STUDY of chemical reactions in which visible 
light is evolved at ordinary or low temperatures 
has largely been left to physics, physical chemis- 

try, or biochemistry. Nevertheless, countless in- 
stances of such development of visible radiation are on 
record and many (if not most) involve organic com- 
pounds. However, in the vast majority of cases either 
the amount of light evolved is not impressive, or the 
reaction is brought about only under inconvenient con- 
ditions, or the substances involved are expensive or 
difficultly accessible. Partly for these reasons general 
attention to the matter has been but occasional and the 
most impressive and convenient illustration of the 
phenomenon appears to have been largely overlooked. 

Most chemiluminescent reactions are oxidations. 
Extensive résumés of hundreds of individual cases are 
already available.' Of the many instances of organic 
compounds of known structure given in these refer- 
ences there appears to be a small group which gives a 
maximum of visible light. This group includes the 
following: (1) various reactions of Grignard com- 
pounds, such as the Wedekind? reaction between chloro- 
picrin and phenylmagnesium bromide in ether solu- 
tion, the reaction of Grignard compounds with other 
nitro compounds,’ or the oxidation of various Grignard 





* Contribution No. 101 from the Research Laboratory of Or- 
ganic Chemistry, Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts. 

1 (a) Trautz, Z. wiss. Phot., 2, 217-23 (1904); (b) Z. phystk. 
Goin 53, 1-111 (1905); (c) Harvey, J. Biol. Chem., 31, 311-6 

1917). 

2 (a) WEDEKIND, Ber. deut. phvsik. Ges., 4, 417 (1906); (b) 
Phystk. Z., 7, 805 (1906); (c) Z. wiss. Phot., 5, 29 (1907); (d) 
Heczxo, Chem.-Ztg., 35, 199 (1911). 

3 (a2) GILMAN, McGLUMPRHY, AND FOTHERGILL, Rec. trav. chim., 
49, 526-31 (1930); (6) 49, 726-8 (1930). 


compounds,‘ notably (1) p-chlorophenylmagnesium 
bromide; (2) the Trautz-Schorigin® oxidation of pyro- 
gallol-formalin solutions in potassium carbonate by 
means of 30% hydrogen peroxide (perhydrol); (3) 
the oxidation® by means of hydrogen peroxide or halo- 
gens of alcoholic alkaline solutions of lophine (2,4,5-tri- 
phenylimidazole) or amarine (4,5-dihydro-2,4,5-tri- 
phenylimidazole). It will readily be noted that even 
these reactions involve certain difficulties. For ex- 
ample, some of the materials are unpleasant to handle 
(e. g., chloropicrin is a lachrymator, Grignard reagents 
are unstable and involve the use of ether solutions, 30% 
hydrogen peroxide is dangerous to handle, unstable, 
expensive, and not always readily accessible, amarine 
and lophine not very readily preparable, and their 
oxidation in strong alcoholic alkali is not well suited 
to convenient demonstration). 

In contrast to these difficulties the production of 
chemiluminescent effects by means of the oxidation of 
3-aminophthalhydrazide possess great advantage. The 
reaction is carried out in exceedingly dilute aqueous 
alkaline solution, it requires but the very mildest and 
most easily accessible oxidants, it utilizes ordinary 
pharmaceutical (3%) hydrogen peroxide, and the 
essential reagent itself is now readily obtainable. 
Furthermore, the brilliance of the effects which can be 
produced far surpasses any of the other recorded cases. 
Dufford, Calvert, and Nightingale*® state: ‘‘The 
[chemiluminescence from the] compound p-Cl-C.H,:- 
MgBr is much brighter than any other so far found. 
Careful pyrometric measurements show that it is 
brighter even than luciferin, except possibly for the 
bright specks in the luciferin solution and therefore 
probably the brightest case of chemiluminescence on 
record.’”’ We find, however, that the brilliance of light 
which is produced under optimum conditions from 
the oxidation of “luminol’’ renders that from this 
Grignard reagent dim by comparison. 





4 (a) EvANS AND DurrorpD, J. Am. Chem. Soc., 45, 278-85 
(1923); (b) Durrorp, CALVERT, AND NIGHTINGALE, tbid., 45, 


2058-72 (1923); (c) Durrorp, NIGHTINGALE, AND CALVERT, 


tbid., 47, 95-102 (1925); (d) EVANS AND DIgPENHORST, ibid., 48, 
715-23 (1926). 

5 (a) Trautz, Z. Elektrochem., 10, 593-6 (1904); (b) Trautz 
AND SCHORIGIN, Z. wiss. Phot., 3, 121-30 (1905-6). 

6 (a) RapziszewskI, Ber., 10, 70-5 (1877); (6) BHATNAGAR 
AND Martuur, Z. phystk. Chem., 159, 454-8 (1932). 
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3-Aminophthalhydrazide (I), also referred to in the 
literature as 5-amino-1,4-dihydroxyphthalazine,* was 
first reported by Schmitz’ as the result of a long syn- 
thesis starting with triethyl hemimellitate. Later 


NH; i hy 
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Curtius and Semper® obtained it by heating the mono 
ethyl ester of 3-nitrophthalic acid for ten hours with 
excess hot hydrazine hydrate. In 1928 Albrecht?® 
drew attention to the chemiluminescence of the ma- 
terial and carried out some spectral measurements. 
However,*the actual method of preparation of his ma- 
terial was not given in the above reference but only 
in the dissertation’ itself. Starting from 3-nitro- 
phthalic acid it passed successively through the diam- 
monium salt, 3-nitrophthalimide, 3-aminophthalimide, 
and finally 3-aminophthalhydrazide. No yields are 
recorded in any of these steps and our attempts to use 
the method gave very unsatisfactory results. In 1929 
Harvey,'! obtaining his material from Albrecht, ex- 
amined the chemiluminescence observed during elec- 
trolysis. During the progress of our present work a 
statement’? appeared noting that 3-nitrophthalhy- 
drazide could be reduced to the amino compound by 
means of hydrogen sulfide, but no details were given 
nor yields stated. Apart from the above references no 
further mention of 3-aminophthalhydrazide could be 
found in the chemical literature. 


THE PREPARATION OF 3-AMINOPHTHALHYDRAZIDE! 


We report here a method of preparation which avoids 
all the weaknesses of preceding procedures. The 
reaction involves first the preparation of 3-nitrophthal- 
hydrazide and its subsequent reduction to 3-amino- 
phthalhydrazide by means of ammonium sulfide. The 
method avoids difficultly accessible starting materials 





* In the interest of assigning to this compound a simpler and 
more euphonious name we prefer to call the material ‘‘luminol.” 
This associates it with the idea of luminescence and denotes its 
enolic character. We do not regard as important the possible 
objection that the name might be confused with the hypnotic 
‘‘Juminal.” 

7 (a) Scumitz, Dissertation, Heidelberg, 1902; (0b) Cf. 
CurTIUS AND ScumiTzZ, J. prakt. Chem., 91, 46, 97 (1915). 

8 CURTIUS AND SEMPER, Ber., 46, 1162-71 (1913). 

9 ALBRECHT, Z. phystk. Chem., "136, 321-30 (1928). 

10 ALBRECHT, Dissertation, Friedrich-Wilhelms Univ., Berlin, 
1928. 

Harvey, J. Phys. Chem., 33, 1456-9 (1929). 

12 (q) RADULESCU AND ALEXA, 2 physik. Chem., B8, 382-94 
(1930); (0) Bull. soc. chim. Roméania, 12, 140-63 (1930). 

} Experimenters who may not care to prepare'this substance 
for themselves can now obtain it from the Synthetic Organic 
Chemicals Department of the Eastman Kodak Company, Roch- 
ester, N. Y. 
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(Cf. Refs. 7, 8) and begins directly with 3-nitrophthalic 
acid.4* It avoids the excess of expensive hydrazine re- 
quired by early investigators and uses only that amount 
actually needed for the heterocyclic ring. By sub- 
stituting sulfide as the reducing agent it avoids the 
difficulties attendant upon the separation of an am- 
photeric reduction product from a stannous solution. 
The new process is readily adaptable to the preparation 
of large amounts of material, if desired, and gives ex- 
cellent yields of pure product. The yield of 3-nitro- 
phthalhydrazide is quantitative, its reduction to 
aminophthalhydrazide is nearly so. 

The Preparation of 3-Nitrophthalhydrazide—Bogert 
and Boroschek,'‘ who first reported this compound, and 
also Radulescu and Alexa!” evaporated the liquid ob- 
tained by adding to one mol of 3-nitrophthalic acid in 
alcohol one mol of hydrazine (in the form of hydrazine 
hydrate solution), and heated the residue at 250° 
for a long time to form the cyclic hydrazide. We prefer 
the following method which avoids the use of hydrazine 
hydrate, is more rapid, and gives quantitative yields. 

Solid hydrazine sulfate (130 g. or 1 mol) and crys- 
tallized sodium acetate (272 g. or 2 mols) are dis- 
solved in 400 ml. of hot water and the clear solution 
added to solid 3-nitrophthalic acid (211 g. or 1 mol) 
contained in an 8” porcelain evaporating dish. The 
latter is placed upon a tripod and evaporated as rapidly 
as possible over a free flame with constant stirring with 
a flat porcelain spatula to avoid bumping or decom- 
position. This operation requires about 1.5 hours and 
is best conducted at a hood in order to facilitate evapo- 
ration and to remove the acetic acid vapors. The 
residual dry solid is removed from the dish, ground to 
a fine powder, placed in a wide-mouthed flask or beaker, 
and heated for at least three hours at a temperature 
of 160 + 10° ina suitable oil bath. During this opera- 
tion the solid should frequently be stirred and if there is 
any tendency toward caking in the earlier part of the 
baking it may be necessary to remove and powder the 
material before continuing. It is advisable to measure 
the temperature in the heated powder rather than 
externally and care must be taken not to overheat the 
mass. The escape of steam may also be facilitated by 
passing a gentle stream of air through the flask. 

When the heating is finished, remove the solid, 
powder, and extract twice with 350 ml. of hot water to 
remove sodium sulfate. The residual solid is then 
dried at 105° to constant weight: yield, 206 g. 3-nitro- 
phthalhydrazide (99.5% theoretical). The product so 
obtained is free from sulfate, melts 297° to 300° u.c., 
and is sufficiently pure for reduction without further 
treatment.! 

Reduction of 3-Nitrophthalhydrazide to 3-Amino- 





13 “Organic syntheses,” John Wiley & Sons, Inc., New York 
City, 1927, Vol. 7, pp. 70-2. 

14 BOGERT AND BoroscuEK, J. Am. Chem. Soc., 23, 750 (1901). 

t Note: Although BoGERT AND Boroscuek! state that 3- 
nitrophthalhydrazide melts with decomposition at about 320° 
we have consistently observed values close to 300° u.c. Rapvu- 
LESCU AND ALEXA!® give m. p. 310-311° but do not state 
whether corrected or not. 
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Photo by C. M. Wareham 


Liguip LIGHT 


This photograph was taken in an otherwise absolutely dark 
room by means of the light given off during the oxidation of 
‘luminol’? according to the method described in the accom- 
panying article. — 


phthalhydrazide (‘‘Luminol’’).—The crude 3 - nitro- 
phthalhydrazide (e. g., 192.5 g. or 0.93 mol) is then 
gradually added in small increments to 1 liter of 6 N 
ammonium sulfide solution.” Vigorous spontaneous 
reduction occurs and the flask may require considerable 
external cooling. After all the solid nitrohydrazide 
has been added the resultant solution or suspension is 
kept at the boiling point for an hour while additional 
hydrogen sulfide is passed into the mixture. During 
the reduction the original nitrohydrazide finally com- 
pletely dissolves; later, however, the precipitation of 
the resultant “luminol’’ begins, and these two processes 
may sometimes overlap in such a way that there is al- 
ways some solid present in the flask. After the discon- 
tinuance of the hydrogen sulfide treatment the solution 
is boiled for an hour more to complete the reaction and 
then allowed to stand until cold. The resultant yellow 
precipitate of mixed sulfur and “‘luminol”’ is filtered 
with suction, thoroughly washed with water, and dried. 





* Nore: This solution is that available as a stock item in most 
laboratories. It may be prepared by passing hydrogen sulfide 


gas into 200 ml. of 15 N ammonium hydroxide (sp. gr. 0.90) in a 
bottle immersed in running water or ice water until the gas is no 
longer absorbed; 200 ml. more of conc. ammonium hydroxide 
is then added and the solution diluted to one liter. 
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In some runs all the sulfur remains in the excess sulfide 
solution and a yield of very pure “luminol,” as high as 
64.5%, has been obtained directly at this point. 

The filtrate from this primary precipitate is then 
acidified with a slight excess of glacial acetic acid and 
the resultant precipitate of mixed sulfur and ‘‘luminol”’ 
is filtered with suction, washed with water, and dried. 
In order to free the aminophthalhydrazide from sulfur, 
the crude mixture is stirred up with that amount of 5% 
aqueous sodium hydroxide solution which would just 
correspond to the assumption that the dry solid con- 
tained no sulfur. After stirring and very slight warm- 
ing the solution is filtered from undissolved sulfur, 
cooled to 0°, and stirred, and scratched. Presently 
precipitation of the mono-sodium salt of 3-amino- 
phthalhydrazide (IJ or IIa)' begins and increases for 
some time. Finally, the solid is filtered with suction, 
pressed as dry as possible on the filter, then washed 
sparingly with dry alcohol or ether. It may then be 
dried in the air, if it is to be preserved as the sodium salt. 
If, however, it is desired to reconvert the substance to 
“luminol” the original solid is not washed with alcohol 
but is redissolved in water, and reprecipitated by adding 
a slight excess of glacial acetic acid. The voluminous 
flocculent precipitate is again filtered with suction, 
washed free from sodium acetate with water, and dried. 
The product so obtained is free from sulfur and melts at 
319-320° u.c.? 

The color of the final 3-aminophthalhydrazide ap- 
peared to vary according to the mode of precipitation 
from almost white to quite deep yellow. 

Anal. Caled. for CsH7zN3;02: C, 54.22, H, 3.98, N, 
23.73%; Found, C, 54.20, 54.31, H, 4.48, 4.62, N, 24.20, 
24.02; Neut. Equiv., Caled. 177. Found 175. 


DEMONSTRATION OF CHEMILUMINESCENCE OF 0- 
AMINOPHTHALHYDRAZIDE 


The chemiluminescence is produced by treatment 
of a dilute aqueous alkaline solution of ‘“‘luminol”’ 
with (both) hydrogen peroxide and another oxidizing 
agent. Strong radiation is not produced in the absence 
of any one of the four components, although ‘luminol’ 
and dilute hydrogen peroxide give a very faint glow 
even without the other oxidizing agent. The re- 
action occurs only in alkaline solution, and its intensity 
and duration vary with the alkalinity. Up to a cer- 
tain point the amount of light evolved increases with 
increase in alkali concentration. The mode of evolu- 
tion of light appears to vary considerably with the na- 
ture of the oxidant apparently being most satisfactory 
with very mild oxidizing agents. For demonstration 
purposes we much prefer the use of potassium ferri- 





+ Samples of the sodium salt (dried to constant weight at 
105°) were analyzed by igniting in porcelain crucibles, and con- 
verting the ash to sodium sulfate. Calcd. for CsHsN;0.Na: 
Na, 11.55%. Found: 11.77, 11.99. ‘ 

t The melting points reported in this paper were taken with a 
360° melting-point thermometer used in a copper block of the 
Berl and Kuhlman type, Cf. Ber., 60, 811-4 (1927). 
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cyanide as the oxidant, and the execution of the 
experiment in any of the following ways.” 

1. Flask Method.—Provide two 2-liter, long-necked 
flat-bottomed flasks and arrange to mix their contents 
by pouring through a large glass funnel into a 6-liter, 
flat-bottomed, long-necked flask. In one of the 
smaller flasks dissolve 0.2 g. of “luminol” in 20 ml. of 
5% sodium hydroxide and dilute to 2 liters with water. 
In the other small flask dissolve 0.5 g. crystals of potas- 
sium ferricyanide in water, add 20 ml. of ordinary 3% 
hydrogen peroxide, and dilute to 2 liters with water. 
When both solutions are ready for use, grasp one flask 
in each hand, have the room completely darkened, and 
then pour the contents of the two smaller flasks simul- 
taneously through the funnel into the large flask. Re- 
action begins as soon as the liquids mix in the funnel 
and continues in the large flask for many minutes. 
After the initial development of light has begun, swirl 
the contents of the large flask and add a small quantity 
of solid crystals of potassium ferricyanide. The bril- 
liance increases considerably and can be still further 
improved by gradual addition of further amounts of 
5% sodium hydroxide solution. The concentrations 
here recommended are such that the light intensity first 
produced is fairly small, for the increased brilliance 
which is produced by the further addition of oxidant 
and of alkali is very beautiful. Enough light is pro- 
duced in the experiment so that as soon as it is under 
way the demonstrator can easily locate his materials 
in the otherwise darkened room. Since the evolution 
of light continues for some minutes it is perfectly 
feasible to allow the larger flask to circulate through 
the audience to demonstrate that no appreciable heat 
effect is developed. 

In order to show the dependence of light production 
upon the alkalinity of the solution, swirl the luminescent 
contents of the large flask and slowly pour in dilute (6 NV) 
hydrochloric acid until light evolution stops. If then 
the solution be immediately made alkaline again with 
the 5% alkali the luminescent reaction recommences 
and continues until either the ‘luminol’ or the oxidant 
is exhausted. Another way of demonstrating this 
same point is to use in flask A, not the alkaline solution 
of ‘luminol,’ but simply a water solution of 0.25 g. of 
the “‘luminol’’ sodium salt. (See above.) Under 
these circumstances no significant luminescence occurs 
on mixing until after free alkali has also been supplied. 

2. The Jar Method.—For demonstration to large 
audiences the following variant of the experiment may 
be employed. Provide a large pyrex jar (e. g., Corning 





* These experiments were included in a demonstration of 
chemiluminescence shown at the Society of Arts Popular Science 
Lecture on February 15, 1931, and also at a meeting of the 
Northeastern Section of the American Chemical Society held 
at the Massachusetts Institute of Technology on April 29, 1933. 
Photographs of some of the effects obtained were printed in the 
Technology Review, 35, 282 (May, 1933), by whose permission 
they are here reproduced. 

. ‘ 
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Glass Company, No. 985, 12” diameter by 12” high), 
add about 14 liters of water and float in this water a 
piece of ice of convenient size (e. g., a piece 8-10” on a 
side). Have available a stout stirrer made from at 
least 10-mm. diameter glass rod. Provide also two 
small flat-bottomed flasks (A and B) to contain the 
reactants. In flask A dissolve 1.0 g. of “luminol” in 
100 ml. of 5% sodium hydroxide. In flask B place a 
solution of 2.5 g. of potassium ferricyanide crystals in 
100 ml. of 3% hydrogen peroxide. After the room is 
completely darkened pour these two solutions together 
over the surface of the cake of ice in such a manner 
that they mix in more or less concentrated form before 
being diluted with the surrounding water. The pur- 
pose of the ice is not to cool the mixture but merely to 
convince the audience that the reaction can proceed at 
0°C. After the reaction mixture has diffused into the 
main body-of solution, stir the jar contents vigorously 
and add additional solid potassium ferricyanide (crys- 
tal or powder) or alkali, or both as desired. 

3. Spray Method.—A third novel way in which the 
reaction can be made to produce beautiful effects in- 
volves the mixing of sprays of the separate stock solu- 
tions. For this purpose we have found most satis- 
factory a commercial device widely used in textile mill 
humidifying systems under the name N-Type Humidi- 
fiers.’ Two of these vest-pocket size units are held in 
suitable clamps so inclined that the resultant sprays 
intersect some distance above the lecture table: by 
means of rubber tube connections the humidifiers are 
connected to a source of compressed air. By means of a 
suitable short length of rubber tubing each unit is fur- 
ther arranged to aspirate up the corresponding solution 
from a stock bottle placed below it. With a little care 
to be certain that the spray guns are operating at 
equal rates, and variation of the stock solutions ac- 
cording to the desired effect, the resultant mist may vary 
from a barely perceptible luminous cloud to an ex- 
ceedingly brilliant fountain reminiscent of a pyro- 
technical display. In using this method the alkali 
concentration must be adjusted to a point where it does 
not annoy the audience. 

4. The Cloth Method.—The, very simplest and often 
most effective experiment is merely to soak an ordinary 
white laboratory towel in a liter of 0.1% luminol solu- 
tion containing 5 to 10 cc. of 5% sodium hydroxide 
and 5 to 10 cc. of 3% hydrogen peroxide, wring out 
most of the excess liquid, and then pour directly on the 
towel 2.5% potassium ferricyanide solution. The 
towel then glows like a live coal and on further wring- 
ing yields liquid drops which glow like fire. 





+ These can be obtained from the Parks-Cramer Company of 
Boston, Mass. 

t Nore: If a compressed air tap is not available it is possible 
to utilize a commercial tank of oxygen or nitrogen, provided that 
a suitable reducing valve is attached to it for regulation. 
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EVERAL years since, the writer had occasion to 
examine the literature concerning the practice of 
medicine as it had existed in ancient Egypt.! 

While these studies were being made it was noted that 
the Egyptians had advanced considerably in what 
might be called the “‘chemical arts” and that they had 
made many true, chemical discoveries* which were of 
great use to them in numerous practical ways. Fur- 
ther, it appeared that but few attempts had been made 
to sort out these facts from the great masses of litera- 
ture through which they were scattered and to bring 
them collectively and briefly to the attention of modern 
chemists. That is the object of this paper. 

In order to understand the progress that the ancient 
Egyptians had made in chemistry and the chemical 
arts it is necessary to know something of the historical 
background of this remarkable people and to survey 
their general knowledge of such of the arts and sciences 
as they had acquired. It should be understood that 
the Egyptians in general did not possess an inquiring 
mind and that ordinarily they would not conduct 
experiments merely for the purpose of satisfying curi- 
osity or gaining knowledge. It is not to be expected, 
therefore, that their chemistry would advance beyond 
the purely practical stages. 

It is believed that the Egyptians came originally 
from south-central Asia and that they entered the Nile 
Valley across the Isthmus of Suez. However, their 
exact origin and the date of their migration are alike 
unknown. The Egyptians were a dark-skinned, Cau- 
casian people of great intelligence. Herodotus, who 
visited Egypt twenty-four centuries ago, says’: ‘‘The 


1 WARREN, L. E., ““Pharmacy and medicine in ancient Egypt,” 
J. Am. Pharm. Assoc., 20, 1065 (1931). 

* For example, the manufacture of highly ornamented por- 
celain, glass, and pottery could not have been carried out with- 
out considerable knowledge of the chemical properties of metallic 
oxides by which the artifacts were colored. 

2? Heropotus, ‘‘Euterpe.’”’ Translated by BELog, W., Vol. 
1, LXXXII, 381, Earle, Philadelphia, 1814. 














FiGuRE 1.—ANCIENT EGYPTIAN VASES OF OPAQUE GLASS 
(aBouT 1500 B.c.) 


Egyptians have certainly discovered more things that 
are wonderful than all the rest of mankind.” Herodo- 
tus calculated that the Egyptian priests had a written 
history going back at least 11,300 years before his time.* 
Whether or not the story of Herodotus be accepted, we 
know that the civilization of ancient Egypt had its 
beginnings in a far remote past. 


PERIODS IN EGYPTIAN HISTORY 


The development of Egyptian civilization may be 
divided more or less artificially into two principal 
periods, namely, the Predynastic and the Dynastic. 
The last-named is further subdivided into three periods, 
namely, the Old Kingdom, the Middle Kingdom, and 
the Empire. The Predynastic Period was preceded by 
long ages of archaic civilization during which the Egyp- 
tians began to emerge from the Neolithic culture into 
the age of metals. 

The calendar of 365 days was established by the 


{| The ambitious young men of all Mediterranean lands went 
to Egypt to complete their education under the Egyptian priests. 
Plato spent three years at On (called Heliopolis by the Greeks). 
Thales, Solon, Anaxagoras, Democritus, Pythagoras, Eudoxus, 
and many others studied there. Herodotus, Strabo, Diodorus, 
Synesius, and other ancient historians and geographers also 
visited the country. 

3 Heropotus, Book ii, 142, LAURENT's translation. Slatter, 
Oxford, 1827. 

t This calendar contained 12 months of 30 days each with 5 
feast days at the close of the year. With slight modifications it 
has been in use for more than 6000 years. 
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Egyptians 4241 years B.c. The period from the begin- 
ning of the use of the calendar to the Dynastic Age 
existed for about 800 years, during which the peoples 
gradually coalesced into two kingdoms, an Upper and 
Lower Egypt (the “Two Lands’). The Dynastic 
Age began with the accession of Menes, the first king 
of United Egypt, about 3400 B.c. The first three 
Dynasties are very obscure because of their great age 
and the paucity of records. The Old Kingdom began 
about 2900 B.c. and lasted about 800 years, or through 
the Eleventh Dynasty. In some respects it was the 
most brilliant period of Egyptian history. The Middle 
Kingdom lasted about 400 years. The Empire endured 
for about a thousand years, or until the conquest by 
Persia in 525 B.c. In the fourth century B.c. Alex- 
ander conquered Egypt and the country remained under 
Grecian control until the Romans took it over in 40 
B.C. 


LOCATION AND CLIMATE 


The ancient name of Egypt was Khema (Chemz), 
“The Black Land,’* and probably it is from this 
word that our noun ‘‘chemistry” is derived. Ancient 
Egypt consisted of a strip of land from one to twenty 
miles wide and about 750 miles long bordering the Nile. 
It was primarily an agricultural country. Its climate 
was hot and dry and then (as now) it depended upon 
the annual inundation of the river and upon seasonal 
irrigation for its crops.' 


SOURCES OF INFORMATION 


Our knowledge of the life of the Egyptians comes 
from many sources—archeological findings, ornamental 
pottery, funereal objects in the graves and tombs, 
paintings in tombs and on temple walls, sculptures, 
monumental hieroglyphics, and fragments of manu- 
scripts from the early writers. The paintings on the 
walls of the tombs are the most important sources. 
The Egyptian was a firm believer in the resurrection 
of the physical body and in the immortality of the 
soul. For his pleasure and entertainment in the 
hereafter he decorated the walls of his tombs with 
pictures of almost every conceivable detail of domestic 
and public life. From these paintings we know, for 
example, how he ate his meals, baked bread, brewed 
beer, built boats, made wine, wove cloth, fished, 
hunted, smelted ores, hammered metals, sowed and 
harvested crops, and embalmed the dead. 


EARLY CHEMISTRY IN EGYPT 


The beginnings of chemistry in Egypt undoubtedly 
had their origin in the evaporation of the Nile waters in 
isolated areas after the inundations and in the seepage 
to the surface of underground waters charged with 
minerals. These waters contained calcium bicar- 





* It was so called because of the dark color of its rich, al- 
luvial soil. 2 

{ Egypt produced wheat, barley, beans, flax, figs, dates, 
pomegranates, peaches, pears, plums, mulberries, indigo, and 
saffron as well as cattle, sheep, goats, donkeys, swine, and geese. 
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bonate and sodium sulfate and, by their mutual reaction 
during the process of drying, sodium carbonate was 
produced. Sodium bicarbonate, sodium chloride, and 
sodium sulfate were nearly always associated with 
sodium carbonate as impurities. The impure sodium 
carbonate crystallized with ten molecules of water and 
was collected for commerce under the name known to 
us as “natron.’’ It was extensively used in making 
glazes and glass and in embalming. “Refined” natron 
was used in medicine.* Salt was collected from the bit- 
ter lakes and was purified by recrystallization. It was 
used in the diet and for preserving dried fish. It was 
also employed in mummification processes and in gold 
refining. 

Doubtless the earliest chemical art to be practiced 
by the Egyptians was the use of fire. This was dis- 
covered in prehistoric times, the knowledge probably 
having been brought in with the migration. The 
Egyptians made fire by means of a drill, the end of 
which was of hard wood. The drill was rotated in a 
depression in a wooden block by a bow until a spark 
was produced which ignited the tinder. This method 
is essentially identical with that employed by savage 
tribes in recent times. It is extremely unlikely that the 
Egyptians had any concept of the chemical nature of 
fire. However, they employed it to bring about numer- 
ous chemical reactions in their daily life and they knew 
how to reénforce it by means of fans and bellows. 

Perhaps next in order of the chemical arts to be 
practiced in Egypt was the preparation of charcoal from 
wood. Charcoal is found in the earliest Predynastic 
graves and in every age since. We do not know the 
details of its manufacture but it is certain that it was 
prepared by some form of dry distillation in the absence 
of air. Wood was scarce in Egypt and charcoal un- 
doubtedly had a high barter value. According to 
Ebers® the Egyptians, in the reign of Rameses II, ob- 
tained charcoal as tribute from the Amalekites, a 
tribe living in the Sinai peninsula. Charcoal was used 
in cooking, in smelting, and in medicine. 


POTTERY, GLAZE, AND FAIENCE 


Another chemical art which'was practiced very early 
in Egypt was the manufacture of pottery and glaze. 
In earliest times the pottery was probably not baked, 
the larger pots being held together and supported by 
matting wound about the vessels. The utensils were 
dried in the sun. No chemical reaction was involved. 
Later the process of firing by which the chemically 
combined water in the clay was driven off by heat was 
discovered. Later still the art of glazing came into 
use but even this was discovered at a very early date. 
Glazed beads, mostly of carnelian or quartz rock, are 





4 Epers, G. M., “Papyrus Ebers,” Leipsic, 1875. 

ft Wood tar has been identified as one of the substances used 
in embalming. 

5 Epers, G. M., “Uarda, a romance of ancient Egypt,” 
Lyre ag Ciara BELL, D. Appleton & Co., New York City, Vol. 
2, 1897. 








FIGURE 2.—SUPPOSED GLASSBLOWING IN ANCIENT EGYPT 
(aBouT 1500 B.c.) 


The upper register is from a tomb at Beni Hassan; the 
other is from Thebes. Several ingenious explanations have 
been offered against the supposition that these paintings 
depict glassblowing. 


common in the Predynastic graves.6 These graves 
also contain numerous examples of bowls and jars of 
pottery ware, both glazed and unglazed,* some of which 
are ornamented with curious designs. In the very 
earliest times the wheel was unknown but the oldest 
monuments show it in use.’ The 

glaze was a form of glass although it 

was produced many centuries before 

true glass came into extensive use. 

The Egyptian pottery is not noted 

for beauty or elegance of design. If 

beauty were desired faience was em- 

ployed. 
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but blue and green were the most common, perhaps 
in imitation of lapis lazuli and malachite. In some 
instances several pastes of differing color and fusibility 
were used to make up the several parts of the enameled 
coating. Faience was employed for a great variety of 
objects, such as beads, bowls, dolls, vases, and small 
statues. The best faience dates from the close of the 
Old Kingdom (2000 B.c.) onward but it was known in 
Predynastic times. 
GLASS 


Glass was known in Egypt from the Eighteenth 
Dynasty onward but it has been found in small amounts 
of earlier date. Analyses show that the Egyptian 
glasses were essentially soda-lime-silicate compositions 
like our own, but that the proportions of the several 
ingredients were different. Glass was used for a great 
variety of objects—necklaces, bottles, vases (see 
Figure 1), wine-cups, ointment jars, inlays, etc. Large 
objects were given a protective coating of it. Granite 
sarcophagi have been found which are completely cov- 
ered with glass, the engravings having been made before 
the covering was laid on. One of the most important 
uses for glass was in imitating precious stones. For 
this it was necessary to employ glasses of different colors 
and it was in this field that the Egyp- 
tian lapidary exercised his most cun- 
ning arts. Analyses of colored glasses 
reveal that the colors for the most part 
were produced by the addition of small 
amounts of the compounds of copper, 
cobalt, iron, and manganese. The ac- 
companying table was prepared from 
the summary of the analyses of Egyp- 





Faience was a form of glaze over a 
body of ground quartz. We do not 
know its method of manufacture nor 
even the Egyptian name for it.’ How 
the material was bound together while 
the glaze was being applied is an unsolved mystery. 
In some instances there is a little carbon in the mix- 
ture, suggesting that a binding material like gum acacia 
had been used before firing. In most cases there is no 
such evidence.* Faience was prepared in all colors, 


6 PeTRIE, W. M. F., “‘A history of Egypt from the earliest 
times to the XVIth Dynasty,’’ Methuen & Co., Ltd., London, 
1898. 

* The ability of unglazed porcelain to keep liquids cool 
through evaporation was well known to the Egyptians (Neu- 
burger). 

t Wilkinson has described a monu- 
ment at Beni Hassan which shows pot- 
ters at their wheels, and two of the fur- 
naces or stoves in which the pots are 
baked. ‘‘The manners and customs of the 
ancient Egyptians’ (rev. by Brrc#), 

Dodd, Mead & Co., New York City, 
1878, Vol. 2, p. 192. 

7 ERMAN, A., trans. by TrrARD, H. 
M., ‘Life in ancient Egypt,’’ Mac- 
millan & Co., London and New York 
City, 1894, p. 458. 


FIGURE 3.—FURNACE AND BLow- 
PIPE 


Furnaces of this type were prob- 
ably used for soldering. 


tian colored glasses by Lucas. The 
employment of gold for making ruby 
glass may not have been known, al- 
though it was known to the Assyrians.°® 


enamel was being applied. During the firing the moisture 
would be dissipated. Traces of alkalies have been found in 
the analyses of faience by Burton. ([‘‘Ancient Egyptian 
ceramics,” J. Roy. Soc. Arts, 60 (1912). Quoted by Lucas. ] 
There is no evidence that sodium silicate was known to the an- 
cient Egyptians but it could readily have been made by fusing 
purified natron with sand. 

8 Lucas, A., “Ancient Egyptian materials,’’ Longmans, 
Green & Co., New York City, 1926. 

9 HoLmMyARD, E. J., ‘“Makers of chemistry,” The Clarendon 
Press, Oxford, 1931. 





t It seems possible to the writer that 
the material may have been moistened 
with an aqueous solution of sodium sili- 
cate. This would be sufficient to hold it 
in shape while the paste which forms the 


FIGURE 4.—STONE HAND-MILL FOR GRINDING GOLD ORE 


Ancient Nubia (after Gowland). 
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The date of the discovery 
of glassblowing is uncer- 
tain. Rathgen!® believes 
that it was unknown until 
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Diodorus (quoting from 
Agatharcides) has left us 
a vivid description of 
the processes of Egyptian 





about 20 B.c. He states 
that the Egyptian glass 
was formed from rods 
made by rolling out frag- 


gold mining in the second 
century B.c. The gold- 
bearing quartz was mined 
out with iron chisels' and 





ments. A clay and sand 
form was made on the 
end of a metal rod and 
baked, after which the 
reheated glass rods were 
stuck to this by reheat- 
ing. The hot mass was 
worked by rolling on a 
cold surface and shaping 
with crude tools. On the 
other hand, numerous 
tomb paintings (see Figure 2) are inexplicable unless 
it is admitted that glassblowing was practiced as 
early as the Middle Kingdom. 


afi 


TABLE 1 
SUBSTANCES ADDED TO EGYPTIAN GLASS TO PRODUCE COLOR 


Substance Added Color Desired Substance Added 


none green copper 

tin oxide red (opaque) red oxide of copper 
cobalt yellow antimony and lead, 
iron and manganese 
copper and manga- 
nese, iron 
manganese 


Color Desired 


white (colorless) 
white (opaque) 
dark blue 


light blue copper, iron black 


greenish blue copper purple 


GOLD, ELECTRUM, AND SILVER 


Gold, because of its beauty and the permanency of 
its color, was probably the earliest metal to be used by 
the Egyptians. It has been found in Predynastic 
graves and in every age onward. Gold was much used 
for inlays, jewelry, and for gilding such objects as 
weapons, implements, etc., but it was not used for 
money.* It was soldered as early as the First Dynasty 
(Figure 3). Gold occurs in all degrees of purity but it 
generally contains some silver and traces of copper and 
iron. The presence of metals of the platinum group 
has been reported. 

10 RATHGEN, Sprechsaal, 46, 98 (1913). 

* Money was not known in early Egypt but gold in the form 
of rings of definite weight had some status as a standard of value. 


Egyptian trading was by barter. For example, the trading value 
of a loaf of bread was that quantity of beer which could be made 


from the grain required to make the loaf. 
ni 
| 
Ue 





Smelters blow through tubes into 
the fire, which isin a small clay 
furnace, to increase the draught. 
At the right, molten metal is , 
poured out of a crucible in which 

it was heated. 


Precious metals 
and stones are 
weighed on a 
small hand-bal- 
ance, below 
which are boxes 
of weights. 


FIGURE 6.—JEWELERS’ 


WASHING (UPPER), MELTING (LEFT), 
WEIGHING (RIGHT) 
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Ductile metal is beaten 
on an anvil. 


picks by prisoners and 
criminals who wore lamps 
attached to their heads 
and whose naked bodies 
may have been covered 
with some form of lumi- 
nous paint. The rock 
fragments were pounded 
in stone mortars (Figure 
4) with iron pestles until 
reduced to lentil size, 
after which the material was reduced to powder be- 
tween two hand-turned, granite millstones. The 
powder was elutriated with water until the gold dust 
was moderately pure. Weighed quantities of the dried 
metal were then mixed with fixed proportions of lead, 
salt, tin, and barley bran, and the mixture was heated 
for five days in covered clay crucibles. The resultant 
gold was relatively pure. This is the earliest known, 
detailed description of gold purification. 

The color of ancient Egyptian gold varies greatly. 
Some specimens have a deep, reddish yellow color if 
purposely alloyed with copper; others range from light 
yellow to nearly silver white, depending upon the pro- 
portion of silver. The light yellow and white forms 
constitute electrum. The deeper yellow color of the 
mass gold as compared with gold leaf suggests that the 
Egyptians had some process of desilvering the surface 
of the former which was not possible with metal in 
thin layers. It has been suggested that the process 
may have consisted in heating the object with antimony 
sulfide. Fused sodium chloride dissolves silver and 
the desilvering may have been done by treating the 
gold with melted salt. Immersing the gold in warm 
vinegar would produce the same effect. Some of the 
objects show a dull, tarnished or discolored surface. 











t The chisels were shaped like a swallow’s tail. 

11 STOCKDALE, ‘‘Historical notes on the assay of gold,’ Sct. 
Progress, 18, 476 (1924). 

ft According to Gowland this process was known as early as 
the Persian Era for removing all of the silver from gold. 
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Workmen, some of whom are dwarfs, are finishing pieces of 

jewelry on their work benches. One dwarf is engraving an 

ornament. Above are shown the different kinds of jewelry 
that they are making, with a jewel-box in the middle. 


WORKSHOP 
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This is due to impurities in the gold which have under- 
gone change by time. Lucas has found traces of iron, 
copper, and silver in such tarnishings. (Figures 5 and 
6.) 

Electrum was much prized. It was mined to some 
extent and was also made designedly. Lucas'* has 
collected the analyses of eleven samples of electrum. 
These show from 11.2 to 22.3 per cent. of silver. Er- 
man!* states that the ratio of gold to silver was about 
2to 3. Also Brugsch" has translated a formula which 
would produce a high proportion of silver, viz., about 
60 per cent.: 


°C | Re OY RPE erg rere 1278 uten 
OES aa ae emp eyg p heey 8 OPS 1891 uten 
TS eee oe 67 uten 


Modern investigations show that natural electrum 
nuggets are of relatively constant composition con- 
taining from 30 to 43 per cent. of silver.° Analyses 
of Egyptian electrum do not generally show these 
proportions, indicating that most of it was made arti- 
ficially. The Egyptians preferred electrum to silver, 
probably because it is capable of taking a higher polish 
and is not liable to tarnish. By subjecting it to the 
action of vinegar from plum juice some of the surface 
silver was dissolved out and a rich yellow color pro- 
duced.'* 

Silver was valued more highly than gold in early 
times. It stands before gold in the inscriptions and 
silver objects occur more rarely in the tombs. This 
may be accounted for by the absence of silver ore in 
Egypt. Silver may not have been smelted in Egypt 
but it was melted and worked to a considerable extent 
by the jewelers One of the chief uses for silver was 
in alloying gold to form electrum. Lucas! has col- 
lected five analyses of ancient Egyptian silver. The 
silver content ranges from 69.2 to 92.5 per cent. gold; 
from 3.2 to 14.9 per cent., with one sample marked 
“present”; copper (in three of the specimens) from 
3.9 to 8.9 per cent. 


COPPER 


No one knows the exact date when the Egyptians 
emerged from the Neolithic age and began to employ 
metals. It was probably about 6000 years ago.!® Next 
to gold, copper was the first metal in use. It occurs in 
the earliest Predynastic graves but only occasionally in 
the form of small objects, such as needles and personal 





122 TLucas, A., “Ancient Egyptian materials,’’ Longmans, 
Green & Co., New York City, 1926, p. 235. 

13 ERMAN, A., trans. by Trrarp, H. M., “Life in ancient 
Egypt,’ Macmillan & Co., London and New York City, 
1894, p. 461. 

14 Brucscu, H., “Hieroglyphisch-demotischer W6rterbuch,” 
Supplement quoted by Erman-Tirard, zbid. 

18 ZHEMCHUZANI, J. Russ. Phys.-Chem. Soc., 545 (1923) through 
Chem. Abstr., 17, 3468 (1923). 

18 GOWLAND, W., ‘‘The metals in antiquity,” J. Roy. Anthrop. 
Inst., 42, 253 (1912). 

17 Lucas, “Ancient Egyptian materials,’?’ Longmans, Green & 
Co., New York City, 1926, p. 237. 

18 Hooton, E. A., “The age of man,’ Sci. Mo., 35, 103 (Aug., 
1932). 
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adornments. These were probably made from native 
metal by hammering. After the discovery of smelting, 
copper became much more plentiful and larger objects, 
like tools, weapons, and utensils are common. These 
were made by casting. The earliest copper was 
hammered into sheets and from these numerous objects 
were made. Statues were made by hammering copper 
sheets over wooden cores,!* and pipe was produced by 
rolling the sheets over a tubular form and hammering 
the seams. Soldering copper with copper solder was 
practiced as early as the First Dynasty. 

Copper ores occurred in ancient Egypt in many 
places and numerous old mines have been discovered. 
The most important workings lay in the Sinai peninsula 
outside of Egypt proper. The principal ores were 
malachite (basic carbonate) and chrysocolla (silicate), 
although pyrites (sulfide) has been reported. Analyses 
of Egyptian copper ores are not plentiful but the few 
that have been made indicate that the Sinai ore con- 
tained from 5 to 18 per cent. of copper.2**4_ Two 
samples from the Eastern desert contained 36 and 43 
per cent. of metal? but these may not be representa- 
tive. Another from Sinai was free from tin.?* 

We do not know the exact processes by which copper 
ores were smelted in Egypt. Undoubtedly they were 
reductions with hot charcoal in the presence of fluxes. 
It is probable that the earliest furnaces were only holes 
dug in the ground filled with alternate layers of ore, 
limestone, and charcoal. After firing, the metal would 
be found in the form of an ingot at the bottom. Analy- 
ses of the slags found in the various old workings indi- 
cate that different proportions of ore fuel and flux had 
been employed, depending upon the requirements of the 
ore. For example, according to Gladstone, two speci- 
mens of slag from the Sinai smelters were free from 
tin.2* Sebelien*® reports the analysis of another speci- 
men, also from Sinai, which contained 38 per cent. of 
lead, 2 per cent. of iron, 0.5 per cent. of arsenic, and 
traces of nickel and cobalt, but no antimony, silver, or 
bismuth. 

Analyses of Egyptian copper are numerous. They 
show that the metal usually contained impurities, the 
chief of which were tin, arsenic, iron, zinc, lead, anti- 
mony, bismuth, and traces of silver, nickel, cobalt, and 
sulfur. Sebelien®® analyzed twenty-one Egyptian cop- 
per objects from various dynasties. The copper con- 
tent ranged from 97 to 100 per cent. Three other 
specimens contained from 58 to 94 per cent. of copper, 
the remainder being chiefly sand with a little iron. 
These objects contained neither tin nor antimony, al- 
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though some of the impurities 
mentioned above were found. 

Copper shavings were used 
in medicine.2* Some salts of 
copper, such as ‘‘copper vitriol’’ 
and verdigris (basic copper ace- 
tate), were also known and 
used. It is uncertain whether 
verdigris was obtained by dis- 
solving malachite or copper scrap 
in vinegar. The existence of 
copper sulfate suggests the pos- 
sibility that the Egyptians may 
have known some process for 
making sulfuric acid. 




















TIN 


Melting meta Jin fire-clay crucibles. The fires are blown by curious bellows, worked by the feet, there- 


by utilizing the weight of the body in the operation, the tops being pulled up, to inhale air, by a rope in 


There are no deposits of tin 


the worker’s hand. The full bellows at (a) suggest knowledge of the valve. 





ores in Egypt. The Egyptian - 
supplies of tin came in early times 
from Persia and Spain and later 

the metal was probably brought 

from Cornwall by Pheoenician 

traders. Herodotus?’ intimates 
that the Greeks were supposed 

to have obtained their tin ore 

from the Cassiterides* Islands, 

but questions the existence of 

such islands. However, he 

says that ‘‘Nevertheless tin and 

amber do certainly come to us 

from the ends of the earth.” 

Strabo, Diodorus, and other later 

writers maintain that the Cas- 

siterides were the sources of 

Egyptian tin and that they lay 

somewhere in the distant west. 

These islands have never been 

identified but they may have 

been the Scilly Islands off the 

Cornwall coast. Our knowledge 

of the Egyptian process for 

smelting tin is meager and it is 

not certain that the process was 

carried out there. Probably the 

procedure was the simple reduction of the metallic 
oxide (SnO2) with charcoal. Relatively few articles 
of pure tin have been found in the tombs but, since 
tin is a necessary constituent of bronze, it is proba- 
ble that tin or tin ore was imported for the purpose 
of the bronzesmith. Tin oxide was used by the Egyp- 
tian glass-blowers to produce opacity in glass. 





Molten metal poured 


from crucible into 


molds. 


BRONZE 


It is usually assumed that bronze came into use 
about a thousand years after the discovery of the proc- 


26 Epers, G. M., ‘Papyrus Ebers,” Leipsic, 1875. 

27 Heropotus, Book ii, 415, Rawlinson’s translation, D. 
Appleton & Co., New York City, 1889. » 

* The Greek name for tin was kxagotrépos. 
several times by Homer (Iliad: 18). 


It is mentioned 








Workmen 
carrying 
tongs 

blow-pipe. 








Laborer emptying 
basket of fuel, 
probably charcoal. 


Workmen in charge of an overseer 

bringing in metal for melting. The 

first carries a large ingot, probably 

copper, on his shoulders. The others 

have smaller pieces, probably tin, in 
baskets. 


and 


FIGURE 7.— ANCIENT EGYPTIAN FouNDRY 
Wall painting from the tomb of Rekhmara at Thebes, XVIII Dynasty (1535-1450 B.c.) 
This painting has been interpreted variously. The most logical explanation appears 


to be that it depicts the production of bronze from copper and tin. 
indicate that the metal is being used in casting doors for the great temple at Karnak. 


The inscriptions 


esses for smelting copper. The earliest bronze known 
dates from the Third Dynasty. This contained 90 
per cent. of copper, 9.1 per cent. of tin, and 0.5 per cent. 
of arsenic. Bronze implements and weapons are found 
in Egypt from the Eighteenth Dynasty onward. The 
early bronzes are variable in composition, some con- 
taining but a very small proportion of tin together with 
impurities such as arsenic, sulfur, and iron. It is quite 
possible that these products were the result of acci- 
dent, that is, that they had been produced by smelting 
copper ores which contained a little tin as a natural 
impurity. While this may be true of the early bronzes, 
it certainly does not apply to the later ones which con- 
tain more tin (and frequently lead) and relatively less 
of other impurities. It is clear that bronze was made 





FicurE 8.—EGYPTIAN BAS-RELIEF REPRESENTING IRON 
SMELTING 


either by melting tin and copper together, or that cop- 
per ore and tin ore were smelted together.* The 
paintings in the tomb of Rekhmara (about 1500 B.c.) 
indicate that bronze was made by melting copper and 
tin together (see Figure 7). 

Some Egyptologists maintain that bronze did not 
originate in Egypt, citing the absence 
of tin ore there. Whether or not this 
be true, bronze was almost certainly 
made in Egypt and Egyptian bronze 
workers attained a high degree of per- 
fection in their art. Various objects 
of bronze were cast by pouring the 
molten metal into pre-heated clay 
molds. The proportion of tin was 
varied according to the use to which 
the object was to be put. Axes re- 
quired about 10 per cent., while the 
tin content of swords ranged from 11 
to 14 per cent.?® 2° Probably razors 
and surgical instruments had about the same com- 
position as swords. The edges of cutting tools were 
hardened by hammering. Bronze forceps, tongs, and 
tweezers have been found which retain their spring 
perfectly. 

It has been suggested that the Egyptians knew of 
some process for tempering copper and bronze. It 
was assumed that because they worked in the hardest 
stone, such as diorite, granite, and basalt, they must 
have used steel or hardened copper or bronze saws and 
drills for the purpose.’ Bronze is not sufficiently hard 
for tool-making and the addition of more tin renders it 
too brittle. It is questionable whether hardened steel 
as we know it was known until Roman times. It is 


ING OF IRON 


* Gowland has made bronze containing 22 per 
cent. of tin by smelting a mixture of copper car- 
bonate 15, tin oxide 10, limestone 71/2, and char- 
coal 10, in a furnace consisting merely of a hole in 
the ground. ‘‘Copper and its alloys in prehistoric 
times,” J. Roy. Anthrop. Inst., 36, 37 (1906). 

28 GOWLAND, W., ‘‘Copper and its alloys in pre- 
historic times,” J. Roy. Anthrop. Inst., 36, 34 (1906). 

29 GowLAND, W., “The metals in antiquity,” 
ibid., 42, 243 (1912). 

+ Early copper was hardened to some extent 
by using ores containing bismuth, manganese, or 
arsenic, as wellas tin. (PETRIE, ‘Social life in ancient 
Egypt,’’ Constable & Co., London, Bombay, and 
Sydney, 1923, p. 8.) 


FIGURE 9.—EGYPTIAN 
RELIEF REPRESENTING THE FoRG- 
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now believed that no tempering process for copper and 
bronze was known. The stones were cut with copper 
or bronze saws, wet emery being used as the abrasive. 
The assertion has been made that the teeth of Egyptian 
saws and the cutting edges of drills were set with jewels 
in order to facilitate cutting the hardest stones. Proof 
o: this is lacking. 

Sebelien®® analyzed four specimens of Egyptian 
bronzes (Seventeenth to Twenty-second Dynasties). 
They contained from 68.6 to 93.6 per cent. of copper 
and from 3 to 12 per cent. of tin. An analysis of a 
bronze chisel reported by Wilkinson*! indicated copper 
94, tin 5.9, and iron 0.1 per cent. The proportions of 
tin in other Egyptian bronzes range from 2 to 17 per 
cent. Von Bibra** analyzed twenty-two specimens of 
Egyptian bronzes, principally statuettes. Of these 
15 showed from 7 to 22 per cent. of lead. He believes 
that lead is not found in bronzes of the true bronze 
age, but that its presence indicates a higher state of 
culture than is represented by that age. Lucas** has 

collected the analyses of twelve speci- 
mens of bronze, all of the objects 
dating from before the Nineteenth 
Dynasty. 


IRON 


There has been much speculation 
whether iron was used in Egypt 
earlier than the Persian conquest (525 
B.c.). The consensus of opinion now 
is that iron was in limited use very 
early* but that its employment did 
not become general until after the 
Twenty-third Dynasty (900 B.c.). 
Wrought iron was known in Asia Minor as early as 
1300 B.c. and it was very common later. It is pos- 
sible that the Egyptians imported what little iron 
they used. However, it is believed that iron was 
smelted in Egypt. The monuments depict a crude 
furnace equipped with a foot bellows (Figure 8) and iron 
slag has been found in crucibles at Memphis and other 





Bas- 


30 SEBELIEN, J., ‘‘Early copper and its alloys,” Ancient Egypt 
(Mar., 1924). 

31 WILKINSON, ‘“‘The manners and customs of the ancient Egyp- 
tians,’’ Dodd, Mead & Co., New York City, 1878, Vol. 2, 401. 

32 Von BiprA, “Die Bronzen und Kupferlegierungen,” Erlan- 
gen, 1879, p. 158. 

33 Lucas, A., “Ancient Egyptian materials,’’ Longmans, Green 
& Co., New York City, 1926, p. 235. 

* Iron beads have been found in predynastic tombs. 
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FIGURE 10.—MoDERN IRON SMELTING NEAR LAKE NYANZA, AFRICA 
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cities.4 Herodotus mentions iron tools incidentally 
in his account of pyramid building, and a piece of iron 
was found in one of the pyramids when the structure 
was explored. Vast quantities of iron implements and 
trading bars were found by Victor Place*® in the ruins 
of the palace of the Assyrian king, Sargon, at Khorsa- 
bad. This palace was built about 710 B.c. Since 
iron was so plentiful in Assyria, it is reasonable to sup- 
pose that some would reach Egypt through the trade 
routes. Homer alludes to the quenching of hot iron 
in water*® and other early writers refer to the metal. 
Iron compounds are found in Egyptian colored glasses 
(blue, green, black). It is conjectured that in earlier 
times the iron was present as an accidental impurity in 
the materials used. Later the colors were intention- 
ally produced by selecting materials known by experi- 

o ome, M. W. F., “The metals in Egypt,” Ancient Egypt, 
Ui PLAC, V., “Ninive et L’Assyrie,’’ Tome III, Pl. 71, Paris, 


36 Homer, ‘The Odyssey,’’ Book IX, 459. Translated by WiL- 
LIAM COWPER. 
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ence to yield the color desired. 
were used in medicine.*” 


Iron and its compounds 


LEAD 


Lead was extensively used by the ancient Egyptians. 
It came into use early, as shown by its occurrence in 
the Predynastic graves.** Its early discovery is ac- 
counted for by the prevalence of its ores (chiefly sulfide), 
by the ease with which it may be obtained by roasting 
its ores in the presence of air, and by its low melting 
point (327°). Lead was used in cupellation and in 
medicine. By the Eighteenth Dynasty lead was used 
to provide sinkers for nets. In later times it was alloyed 
with copper and tin for casting statuettes and making 
nails but such alloys were too soft for tools. Its 
salts (acetate and sulfate) were employed in medicine.*° 
Lead sulfide was used as an eye paint. 


37 Epers, G. M., ‘‘Papyrus Ebers,”’ Leipsic, 1875. 

38 BREASTED, J. H., “History of Egypt,’’ 2nd edition, 28, 
Scribners, New York, 1912. 

399 Epers G. M., “Papyrus Ebers,’’ Leipsic, 1875. 
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A NOTE ON CAVENDISH FROM FARINGTON’S DIARY 


JosePH FaRINGTON (1747-1821) was an English 
artist long associated with the Royal Academy. 
Farington’s diary for the years 1793 to 1821 has re- 
cently been published. It is a mine of information 
about the artistic and social world of London in those 
years. It also contains occasional records of men 
in other fields, and the following excerpt regarding 
Cavendish may be of interest. [‘The Farington 
Diary,” Vol. VI, p. 23 (1810).] 


* * %* * * * 


A GREAT CHEMIST 


‘March 7. Smirke’s I dined at.—Lysons spoke of 
the death of the Honble. Henry Cavendish, F. R. S.* 


* Henry Cavendish (1731-1810), eldest son of Lord Charles 
Cavendish, and nephew of the third Duke of Devonshire, was 
born at Nice. A pupil of Dr. Newcombe, Master of the well- 
known Hackney Seminary, Cavendish afterward went to St. 
Peter’s College, Cambridge, in 1749, and left in 1753 without tak- 
ing a degree. He determined the composition of nitric acid, 
and computed the density of the earth to be equal to 5.44, the 
accuracy of his observations being more or less borne out by 
subsequent experiments. 

He and James Watt, ignorant of each other’s patticular studies, 
discovered the composition of water, but Cavendish was actually 


He was the largest Stockholder in England. He had 
in different stock to the amount of a million Sterling. 
He had also a large landed estate. He left of His stock 
two 6ths. to His Cousin Lord George Cavendish; 
and to each of three of His Sons, one sixth each, and 
the remaining Sixth to His Cousin Lord Besborough.— 
He also left 15000 pounds to Sir Charles Blagden; He 
was son to Lord Charles Cavendish, Great Great Uncle 
to the present ((the fifth)) Duke of Devonshire. He 
had been a constant attendant at the Royal Society 
Club for 50 years past, at the Crown and Anchor tavern, 
a dinner meeting every Thursday throughout the year. 
He resided principally at Clapham. He was a man of 
mild manners, but it was remarked of Him that He was 
in His political sentiments always in opposition to 
whoever might be in power. His Philosophical dis- 
coveries had long made Him a distinguished man. 
He was born Octr. 30th, 1731, and died Feby. 24th, 
1810.” Contributed by F. B. Dains 


the first to come to a definite conclusion on the subject. The 
two men afterward settled their scientific disputes in friendly 
fashion. Cavendish’s morbid temperament isolated him from 
his fellows, and “he objected to communication with his female 
domestics.”’ 





Chemical Drawing 


III. Arrangement of Drawings 
EDWARD M. HOSHALL 


1311 Park Avenue, Baltimore, Maryland 


HE GENERAL TERM, chemical drawing, would 
T normally include all types of engineering draw- 
ings the chemist would be called upon to execute. 
Drawings required by chemical engineers, however, 
would involve the study and knowledge of mechanical 
and structural engineering; subjects which, in so far as 
drawings are concerned, are beyond the scope of this 
article. In a restricted sense then, the chemist may 
look on chemical drawing as covering essentially 
sketches of apparatus and equipment, ranging from 
the individual units to the assembled apparatus or, as 
it is more commonly called, the “set-up.” 

A consideration of arrangement of drawings will 
necessarily include logical methods of indicating units 
in their relationship to other units, their connections, 
proportionate sizes, and also their dimensions, titles, 
references and other notes which may be required. 
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The first portion of this paper will deal with detail 
drawings and assembly drawings, while the second 
part will cover assembly working drawings and detail 
working drawings. 


DETAIL DRAWINGS 


When it is desired to convey information concerning 
a single unit, or part of a unit, and to indicate its form, 
dimensions, and materials of construction, a separate 
drawing is made. This is termed a “detail drawing.” 
If the detail drawing is to convey sufficient dimensional 
and other information for the production of the part or 
unit depicted, the drawing is then termed a “detail 
working drawing.” 

A detail drawing is frequently used to stress the 
more important parts, or details, of apparatus. An 
example of this type of drawing is seen in Figure 9. 
Figure 10 is a sketch of the apparatus as a whole—an 
“assembly drawing.” In the detail drawing are 
indicated the approximate size, the shape, the nature 
of the material, and the necessary references; all 
requisite to convey the essential information. 

Another example of a detail drawing is Figure 11. 
Here, the apparatus as a whole is not shown, but a 
chemist’s knowledge would suggest a distillation flask, 
a jacketed condenser, a receiver, and a thermometer 
to complete the drawing. For purposes of emphasis, 
and to show the construction of details which would 
have been unstressed in an assembly drawing, this 
detail drawing was made. The general conformity to 
satisfactory conventions, the neatness, and well- 
balanced arrangement of this sketch should be noted. 

Figures 12 and 13 show, respectively, an assembly 
drawing and a detail drawing of a device for delivering 
liquid at constant temperature. The gas-regulator 
drawn in detail might have yielded more informa- 
tion had the mercury been indicated in conventional 
manner; also, the rubber tubing might well have been 
indicated. The general arrangement of the assembly 
drawing, excepting the Meker burners, is satisfactory, 
but the evidence of careful workmanship is lacking. 
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Use may be made of detail drawings to supplement 
photographs of apparatus or assembly drawings 
executed in outline form only, presenting thus a suc- 
cinct picture of the whole layout with a minimum of 
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ASSEMBLY DRAWINGS 


The various combina- 
tions of units or parts 
which the chemical 
draftsman may be called 

—> upon tosketcharenumer- 
To burner OS. Tothe end that he 
/ may be able to execute 
assembly drawings satisfactorily, 
it behooves him to study draw- 
ings considered ‘‘good practice,” 
to observe the various conven- 
tions and other ‘‘short-cuts”’ used, 
to observe scales, noting espe- 
cially the proportions of various 
units, and finally to observe the 
general arrangement of the draw- 
ing. The latter precept appar- 
ently is often a matter of casual 
concern, but, nevertheless, a clear- 
cut, satisfactory arrangement can 
impart more information to the 
reader than many lines of text. 
As differentiated from detail 
drawings already considered, the 
term, ‘“‘assembly drawing,” is 
used to designate any sketch 
which shows the units or parts of 
an apparatus or maehine in their 
correct relative positions. When 
it is desired to supply information 
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necessary for the process of assembling or details of 
construction, an “‘assembly working drawing”’ is made. 
In these types of drawings it is necessary to present an 
easily understood general description of the apparatus 
as a whole and to describe the relative positions of the 
various units with sufficient clearness to enable the 
reader to recognize each part and its mechanical rela- 
tion to the other parts. In general, it is neither 
essential nor desirable for assembly drawings to de- 
scribe every structural feature, since the relative posi- 
tions of these features can be described more clearly by 
excluding irrelevant information. 

Several examples of assembly drawings and assembly 
working drawings will be considered, and their particular 
idiosyncrasies and merits, or demerits, brought to 
attention. The illustrative drawings reproduced have 
for the most part been abstracted from various chemical 
publications and are here presented as specimens, both 
to indicate that some reforms in chemical drawing are 
in order and to point out some examples of good prac- 
tice. 

An important application of assembly working draw- 
ings is to the sketching of specially designed glass 
apparatus. An example is shown in Figure 14. This 
is a good specimen of this particular type of drawing, 
for with its concise information the glass-blower can 
readily construct the apparatus. In some cases, when 
dimensioning glass apparatus, both maximum and 
minimum dimensions are given, thus: 0.6 mm.—0.8 
mm., or 0.7 mm.—1.0 mm., in order to allow for the 
necessary variations encountered when working with 
glass. The expression of tolerances is also used in 
machine drawings. 

In some cases, in assembly working drawings of 
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apparatus ‘“‘set-ups”’ of a more or less routine arrange- 
ment, only special or particular dimensions are given. 
Figure 15, an oxidation apparatus, is an example of 
this type, and also a fine example of good practice in 
chemical drawing. 

For the successful presentation of a group of units or 
parts, the above-defined assembly drawing 
is used. The underlying principle is to 
give the reader a clear-cut, concise indica- 
tion of just what the author has in mind 


=eQuNe 
20c® CRON 










PERFORATED 
MICA DISC 











Ice 




















TTT ITT | 
ATO ee TTT 


10 VOLTS 





JOURNAL OF CHEMICAL EDUCATION 


©) 


SECONDARY 












} THERMOMETERS 
oO PRIMARY AIR 
| 4an FROM METER 











GLYCERINE 
BATH 





HEATING UNIT 








GAS 
BURNER 

















RHEOSTAT 











Ind. Eng. Chem. 


FIGURE 15 


and wishes to stress, without demanding undue use of 
imagination on the part of the reader. This may be 
done by rough diagrams, conventionalized sketches, 
or by minutely detailed scale drawings, as the nature 
of the subject requires. It is poor practice to make 
unnecessarily elaborate drawings of simple apparatus 
such as distillation layouts, freezing-point and_boil- 
ing-point set-ups, chiefly from the standpoint of the 
labor involved, since the average reader should be at 
least sufficiently familiar with the general nature of 
the apparatus that he can conjecture any omitted 
parts or interpret the various conventions used. This 
defect is seldom noted; unfortunately, the opposite 
weakness—that of the ‘‘abbreviated’’ or incomplete 
drawing—is far from rare. This may be due to lack 
of drawing ability on the part of the author, or to his 
failure to realize that suitable illustrations can eliminate 
the necessity for much tedious textual description. 
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HSH No. 10 Rubber Stopper 


150-Ce. Acid Solution.’ 


Rubber Disk .- 


150-Cc. Basic Solution 
with Phenolphthalein*-~ 


Figure 16 is a rather forlorn attempt to represent a 
potentiometer layout. Faulty drafting, carelessness, 
poor arrangement (note ring-stand suspended in 
mid-air), and failure to make use of appropriate con- 
ventions all contributed to yield a poor drawing. 

A lecture-table experiment is represented in Figure 
17 by a semi-sectional (?) view. A single wire to 
carry 110 volts a.c. and a filamentless lamp could be 
erroneously interpreted by the layman from this 
sketch. The lack of conventional cross-hatching to in- 
dicate the rubber stopper and the iron electrodes is 
to be especially noted, since apparently the sketch is a 
sectional view, and hatching is required for sections. 
The curiously curved dotted reference lines are neither 
effective nor neat. Compare this sketch with that of 
the rotating tester (Figure 18). In the latter drawing 
the proportions are satisfactory, the arrangement is 
good, toc much attention has not been paid to in- 
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cidentals, satisfactory conventions have been used, 
and, therefore, the drawing gives sufficient information 
even for a layman. Figure 19 shows another method 
of indicating parts; they are, in this case, referred to 
the text by suitable reference letters. 

Figures 20 and 21 illustrate, respectively, an air- 
pressure generator viewed from the front, and a like 
apparatus viewed isometrically. Both could be im- 
proved by the use of larger vertical reference letters. 
In Figure 21 we note glass tubing bent to 90-degree 
angles (the dream of the glass-blower) and the very 
delicate tubing for the air supply, which is obviously 
misproportioned. 

Another type of drawing, a diagrammatic sketch, 
is shown in Figure 22. 
This type is frequently used 
to indicate electrical con- 
nections and to show the 
arrangement of commonly 
used apparatus. When un- 
familiar apparatus is used, 
it is better practice to make 
a finished sketch such as 
Figure 23. 

A useful little piece of 
apparatus is sketched in 
Figure 24a, but it is doubt- 
ful if its value could be 
ascertained without reading 
its full description in the 
text. A second sketch (Fig- 
ure 24b) has been made 
© which with its references is 
self-explanatory. The lat- 
ter was no more difficult to 
execute and yet its clarity 
































nm) is evident even to a lay- 
man. This is a typical ex- 
Ficure 19 ample of the dilemma which 
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confronts editors of chemical publications; a sound 
idea illustrated by an unsatisfactory drawing. Either 
the article must be refused, an unsatisfactory drawing 
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must be reproduced, or a draftsman must redraw the 
apparatus—evident sources of inconvenience, both to 
the editor and to the author of the article. 
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sible to multiply ex- 
amplesof suchneeded 
reforms in chemical 
drawing as are sug- 
gested by some of 
the sketches com- 
mented upon, and 
necessitate omission 
of many excellent 
drawings represent- 
ing that perfection 
which is termed 
“good practice.” 

In Part III an at- 
tempt has been made to define the types of commonly 
used drawings, and to give examples of each, showing 
how concise and succinct information may be conveyed 
by the use of a satisfactorily arranged drawing. The 
outcome of these various comments and suggestions 
depends upon the reader and his ability to observe 
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(~ Ir» other drawings and 
form definite opin- 











ions of their efficacy 
in conveying signifi- 
cant information to 
him. 

i Part IV will deal 
with various methods 
of presenting nu- 
merical relationships 
through the media 
of charts, graphs, 
and curves. 
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NEWARK MUSEUM PREPARES AN EXHIBIT OF INDUSTRIAL CHEMISTRY 
FOR THE LAYMAN 


AS A NEW CHAPTER in its series of industrial exhibits, 
the Newark Museum (Newark, N. J.) has in preparation an 
exhibit for the layman which will be known as ‘‘Chemistry 
Changes Our World: An Exhibit of the New Discoveries for 
Industry and the Home.” This is in furtherance of the 
Museum’s policy of presenting exhibits related to the industries 
of its community, but because of the scope and timeliness of the 
Chemistry Exhibit, it is expected to attract national interest. 

Already more than one hundred national firms have accepted 
invitations to coédperate in the exhibit, which will open about 
the middle of March. Among the first to offer codperation were 
the E. I. du Pont de Nemours & Co., Inc., Celanese Corporation, 
The Bakelite Corporation, The Beetleware Corporation, E. R. 
Squibb & Sons, The Celluloid Corporation, Westinghouse 
Electric Company, Public Service Electric and Gas Co., Texas 
Gulf Sulphur Co., and others. Among those who have offered 
to act in an advisory capacity to the exhibit, are Dr. E. C. 
Worden of the Worden Laboratories, Professor William T. 
Read of Rutgers University, Dr. John H. Schmidt, Chairman 
of the North Jersey Section of the American Chemical Society, 
and Donald Deskey, decorator, of New York City. 


The purpose of the Museum’s exhibit is to dramatize the 
many ways in which chemistry has affected everyday life, so 
that the average person may be led to appreciate the tremendous 
réle which chemistry plays in the modern world. In one section 
will be shown rooms furnished completely with materials created 
by chemistry. In the section devoted to textiles and clothing 
will be shown figures dressed completely in synthetic materials. 
The story of the skyscraper and the many contributions which 
chemistry has made to the building trades will be featured in 
another exhibit. Other sections will deal with research chem- 
istry, industrial wastes, corn products, coal tar, plastics, sulfur, 
and sulfuric acids. 

Special educational features of interest to the general public 
are being scheduled for the duration of the exhibit. A series 
of speakers prominent in the field of industrial and research 
chemistry are being invited to talk in explanation of various 
aspects of the exhibit. A series of educational moving pictures 
dealing with chemistry is also being arranged. A living room, 
designed by Donald Deskey, the New York decorator, and 
furnished entirely with synthetic materials is expected to be 
one of the most popular features of the exhibit. 





THE OLD FRENCH ANATOMIST, Meéry, said of himself 
and his colleagues that they were like the rag-pickers of Paris, who 
knew every street and alley, but had no notion of what went on 
in the houses. The accumulation of miscellaneous knowledge 
of useful things, copious, inexact, inapplicable, may, like rag- 
picking, leave us ignorant of the world in which we live. Let us 
try to reach the inner life of something, great or small. The 
truly useful knowledge is mastery. Mastery does not come by 


listening while somebody explains; it is the reward of effort. 
Effort, again, is inspired by interest and sense of duty. Interest 
alone may tire too quickly; sense of duty alone may grow formal 
and unintelligent. Mastery comes by attending long to a par- 
ticular thing—by inquiring, by looking hard at things, by han- 
dling and doing, by contriving and trying, by forming good hab- 
its of work, and especially the habit of distinguishing between the 
things that signify and those that do not. 


Professor L. C. Miall 

















CHAPTERS in CRYSTAL 


CHEMISTRY for FRESHMEN’ 


CHARLES W. STILLWELL' 


Chapter IV. Crystalline Fibers 


N THE preceding chapters it has been shown in a 
general way how the properties of crystals are 
related to the size and polarization properties of 

their building stones. The properties which have been 
discussed are those of single crystals of the substance 
in question. In most of our dealings with solids, how- 
ever, we handle a quantity of material usually con- 
taining a large number of relatively small crystals. 
Calcium carbonate does exist in nature in large single 
crystals (Iceland spar), but in its most used forms 
(marble, chalk, and the like) the individual crystals 
are very small. A single crystal is usually recognized 
by its transparency, even though it may not be per- 
fectly formed; while an aggregate of small crystals, 
even though just as compact in appearance, will 
generally not be transparent. In most inorganic crys- 
talline aggregates the crystals are assembled in a 
haphazard manner, showing no regularity in their 
arrangement. There is, however, a large group of 
important substances, mostly animal or vegetable in 
nature, known as fibers. The properties of these fibers 
are due not only to the properties of the single crystals 
of which they are built, but also to the arrangement or 
orientation of these crystals in the whole. Thus, al- 
though both are essentially cellulose, the tensile strength 
of a cotton fiber approximates that of copper wire, 
while that of a ramie or flax fiber may approach the 
strength of a good steel wire. Any study of the nature 
of solids, then, would be incomplete without a con- 
sideration of these crystalline fibers. 


THE ESSENTIAL FEATURE OF ALL FIBERS 


The characteristic orientation of the building stones 
of all fibers may be easily visualized with the aid of the 
following illustration. Consider a large number of 
match sticks (tetragonal crystals, if the cross-section is 
square) piled carelessly in random orientation. If an 
ordinary rake be drawn through this pile there will 
be a tendency for the long axes of the match ‘‘crystals’’ 
to line up in the direction in which the rake has been 
drawn. The same tendency for “lining up’ may be 
noticed when grass is raked. Moreover, the greater 
the number of times the pile is raked, the more perfect 





* Parts I and II of this series appeared in J. Co=m. Epuc., 10, 
590-9, 667-74 (1933). 

{ Present address: Dennison Manufacturing Co., Framing- 
ton, Mass. 
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will be the alignment of the matches. A clear picture of 
this simple process should be kept in mind throughout 
the following discussion, for it simulates in a general 
way the forces which are responsible for the production 
of all natural and artificial fibers. The match ‘‘crys- 
tals” have assumed a preferred orientation, lying with 
their long axes more or less parallel. In the following 
pages we shall use the term “‘fiber” in this structural 
sense—a crystalline aggregate in which the crystals 
show a preferred orientation, the direction in which 
they are aligned being that of the fiber axis. It is 
because of this orientation that the properties of fibers 
along the fiber axis differ from their properties per- 
pendicular to this axis, and differ greatly from a ran- 
dom aggregate of crystals of the same chemical com- 
position. 

One of the most interesting generalizations to which 
the X-ray study of the structure of growing things has 
led is that all the materials of the plant and animal 
world which are commonly referred to as fibers are 
also fibers in the structural sense just described. The 
uninitiated do not ordinarily think of cellulose, wool, 
and the like as crystalline substances, but micro- 
scopic and X-ray evidence indicate that there is an 
orderly arrangement of the building stones in these 
materials. Not only does this regular arrangement 
produce crystals but, as we shall see, the crystals them- 
selves are oriented in a preferred direction to give 
the substance ‘“‘fibrous’” properties. As has been em- 
phasized by Sponsler, however, in structures produced 
by organisms forces are active which are not ordinarily 
present in solutions during the formation of crystals 
in vitro, and the presence of these forces prevents a 
clean-cut regularity in the structure. The irregularities 
introduced are sometimes sufficient to make the sub- 
stance amorphous to a high degree. 


X-RAY ANALYSIS OF FIBERS 


X-ray analysis has proved very useful in the in- 
vestigation of the structures of fibers, particularly in 
the determination of their main characteristic, the 
manner of orientation of the groups of crystals in the 
fiber. The general procedure is very simple, although 
for special purposes various refinements may be em- 
ployed. A beam of X-rays is allowed to pass through a 
small bundle of the fibers and the diffraction pattern 
is recorded on a photographic film. The manner in 
which the orientation of the crystal in the fiber may be 
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deduced from the X-ray pattern is illustrated in de- axis, if this angle is fairly constant, or (2) the average 
tailin Figure 1. It is possible to determine in a general slope and the approximate deviation from this average, 
way: (1) the angle of slope of the crystals to the fiber _ if the angle of slope is not constant. 








Orientation of Crystals. Diagram showing orientation. @ = angle Diagram of essential features of X-ray 
of slope of crystals to fiber axis, A-A. pattern produced. @ measures slope of 
The X-ray beam is perpendicular to the crystals to fiber axis. X-X shows 
paper. direction of fiber axis. X-ray beam is 
perpendicular to the paper. 
A 
X 
BC BC 
Nearly parallel to fiber axis. Diffraction - 
maxima B are produced by planes ex- 
tending parallel to fiber axis. 
Teves’ ’ . A A 
Typical fibers: ramie, many woods. 
SN =i 4 
BC oe 
A 
X 
A 
9 _—> X 
Parallel to each other, spiral in the fiber 
wall. Diffraction maxima B are pro- 
duced by same planes as are maxima B 
in above pattern, but now they slope at 
angle to fiber axis. 
Typical fiber: Compression wood, grown 
on leaning side of trunk or underside 
of branches of many conifers. 
== 
A X 








Deviating from parallel. 





Typical fiber: cotton. 





Xx 





FIGURE 1.—RELATION BETWEEN ORIENTATION OF CRYSTALLITES IN A FIBER AND THE X-RAY DIFFRACTION PATTERN PRODUCED 
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FIGURE 2.—DIFFRACTION 
PATTERN OF RAMIE, IN 
WHICH THE CRYSTALLITES 
ARE NEARLY PARALLEL 

TO THE FIBER AXIS 
(From Clark) 


If the crystals are almost perfectly oriented parallel 
to the fiber axis, as they are in ramie, flax, and some 
woods, and a detailed pattern like that shown in 
Figure 2 is produced, then it is possible to learn a great 
deal more about the crystal structure of the fiber. 


NATURAL FIBERS 


Asbestos—One of the most perfect of all natural 
fibers, and the only natural fiber commonly found 
among minerals is asbestos. The essential feature of 
crystalline asbestos, the skeleton or framework of 
silicon-oxygen chains upon which the crystal is built, 
has already been described in the chapter on the 
silicates. It may be recalled that these chains run in 
the direction of the fiber axis and since the silicon- 
oxygen bond along the chains is stronger than the 
forces between chains, the tensile strength of the 
fibers is very high, but they may be split apart very 
easily. 

Cellulose Fibers—General.—While we are here con- 
cerned primarily with the ultimate crystal structure 


Left.—Partially loosened fibrils of the inner 
layers of an elm fiber. Magnified about 
650X. (From Ritter) 


~+ + + 


Right.—Windings of the fibrils of the outer 
layer of a loblolly pine fiber, and extreme 
transverse swelling of the inner layers from 
which the outer layer has been dissolved. 
Magnified about 650. (From Ritter) 





of fibers it will be profit- 
able to know something of 
their microscopic structure 
before considering those 
units of structure which 
cannot be seen with the 
microscope. Cotton fibers 
are approximately cylindri- 
cal in cross-section, averag- 
ing about 0.02 millimeter 
in diameter and about 
20-60 millimeters in length, 
although these values may 
vary considerably. The 
cylinders are hollow, and 
the fibers as a whole show 
corkscrew-like twists along 
their lengths. In the cell 
wall a number of spiral 
striations may be seen, sloped at various angles to 
the fiber axis, and when suitable chemical treatment 
is applied it may be shown that these striations mark 
the positions of smaller cellulose units of which the 
wall is built—long, thread-like bodies known as fibrils.* 

Wood fibers are much shorter than cotton, varying 
from 1 to 3 millimeters in length, depending upon the 
distance from the pith. A diagram of the structure 
of a typical wood fiber is shown in Figure 3. In Figure 
4 photomicrographs of actual wood fibers show several 
stages of disintegration, first into the fibrils, and then 











FIGURE 3.—MOopEL oF 
ConIFEROUS Woop FIBER 
ACCORDING TO G. W. ScaRTH 


* For a detailed description of cotton and other textile fibers, 
see J. M. MatrHews, “Textile fibers,” John Wiley & Sons, 
Inc., New York City, 1924. 


Left—Isolated elm fibrils with larger 
sections of elm fibers. Magnified about 
650X. (From Ritter) 


~+ + + 


Right.—Fusiform bodies from elm fibers. 
Magnified about 800. (From Ritter) 


FIGURE 4.—SEVERAL STAGES IN THE DISINTEGRATION OF Woop FIBERS 
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into smaller units called fusiform bodies. These 
tiny microscopic forms are constructed by nature from 
the invisible building stones, the unit cells of crys- 
talline cellulose, which are described in the following 
pages. There are about 400 of these unit cells in the 
length of an average-sized fusiform body. 

The chief constituent of all plant fibers is cellulose.* 
Because some cellulose fibers (ramie and flax) produce a 
very detailed X-ray diffraction pattern, investigators 
have been able to learn more about their crystal struc- 
ture than about the structures of the other natural 
fibers. It is convenient, therefore, to consider the 
cellulose fiber in some detail as a point of departure 
for our understanding of the structure and behavior of 
fibers in general. 

A chemical analysis of cellulose shows it to be a 
carbohydrate containing carbon, hydrogen, and oxygen 
in the ratio CsHO;. Its formula is usually written 
(C6Hi005), because the number of CsHiOs groups in 
the molecule is indefinite. The organic chemist 
writes its structural formula as follows: 


Jes x 


—C,.Hi1.0;,—O—C— 


The unit is spoken of as a glucose residue, since it is 
formed from glucose CsH1.O. by the removal of water. 
When to this information furnished by the chemist the 
X-ray data are added, another picture of the grouping 
of the atoms in cellulose develops. Figure 5 shows one 


FIGURE 5.—DIAGRAM TO 
SHOW THE SHAPE OF GLUCOSE 
RESIDUES AND THE FORMA- 
TION OF CHAINS OF THESE 
Units ALONG THE “B” Axis 
OF THE CELLULOSE CRYSTAL 


The dimension along the 
“b” axis is indicated. Car- 
bon atoms are shaded, oxygen 
atoms are white, hydrogen 
atoms are not shown. The 
“staggered’’ positions of the 
carbon and oxygen atoms are 
not indicated. 











view of this arrangement. The atoms do not all lie 
in the plane of the paper but are arranged in a zigzag 
fashion; that is, if atoms 2, 4, 6, 8, 9, 11 lie in the plane 
of the paper, then atoms 1, 3, 5, 7, 10 lie in a plane 
slightly above or below. It seems that this is a very 
common configuration for compounds of carbon; in 


* Wood contains much less cellulose than any of the other 
plant fibers—only about 50%. Wood contains approximately 
30% of lignin. 
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fact, the four valence bonds of each carbon atom are 
located tetrahedrally and the angles between these 
bonds are the same as those in the diamond structure. 
It is believed that in the formation of the fiber wall 
glucose molecules, present in solution, approach the 
growing wall and as they attach themselves to it water 
is split away.f The glucose residues unite with each 
other through so-called oxygen “‘bridges’’ (see Figure 5), 
forming chains of indefinite length. These chains are 
the backbone of the cellulose fiber. The distance 10.3 
A.U. is the dimension of the unit cell of crystalline 
cellulose along the ‘‘b’’ axis, which lies lengthwise of 
the cellulose fiber. It will be recalled that the unit 
cell is the smallest part of a crystal which shows the 
characteristic “building plan” of the crystal. Evi- 
dently the length of the unit cell must be that of two 
glucose residues, since the lower CsHioOs group as pic- 
tured is not in the same relative position as is the 
upper one, but is rotated through 180 degrees. A 
section of the unit cell perpendicular to the “‘b” axis 
is shown in Figure 6. When this section is considered 


fet 


FIGURE 6.—DIAGRAM OF A 
CROSS-SECTION OF A CELLU- 
LOSE UNIT CELL PERPEN- 
DICULAR TO THE “‘B” Axis 


The orientation of the 
glucose residues and the di- 
mensions of the unit cell 
along the ‘fa’ and ‘‘c’’ axes 
are shown. The “staggered” 
positions of the atoms are 
not indicated. 

(From Sponsler) 
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in connection with Figure 5 we see that the unit cell of 
cellulose has the dimensions 12.2 X 10.8 X 10.3 A.U., 
and that it contains eight glucose residues. The above 
picture has been suggested by Sponsler, and since the 
angle between the ‘a’ and ‘‘c’”’ axes is so nearly 90 
degrees (88 degrees, Sponsler) he considers it simplest 
to think of the crystal as belonging to the rhombic 
system. 

There are various ways of checking the essential 
features of this proposed structure. For example, the 
volume of a CsHi0O; group may be computed from data 
in no way related to X-ray data and is found to be 170 
cubic Angstréms. The eight groups in the unit cell 
would therefore have a volume of 1360 cubic Angstréms. 


{ For detailed descriptions of the possible mechanism of cell 
growth, the reader is referred to the following papers: SPONSLER, 
O. L., “Mechanism of cell wall formation,” Plant Physiol., 4, 
329 (1929); Prerce, F. T., “Growth of cotton cell,” Trans. Fara- 
day Soc., 26, 809 (1930). 

{ Meyer AND Mark (‘‘Der Aufbau der hochpolymeren organis- 
chen Naturstoffe,” Leipzig, 1930, p. 94) describe the cellulose unit 
cell as monoclinic, a = 8.3, b = 10.8,¢ = 7.9, 8 = 84°. The10.3 
A.U. distance is along the fiber axis, as it is in Sponsler’s cell. 
W. H. Brace [Nature, 125, 634 (1930) ] has pointed out that both 
Sponsler and Meyer and Mark are describing the same thing but 
have chosen different axes on which to build their crystal units. 
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The volume of the unit cell we have just pictured, as 
determined from X-ray data, is 12.2 X 10.8 X 10.3 = 
1357 cubic Angstréms. This is a strong justification 
of the assignment of an entire CsH100; group to each 
point in the crystal lattice. 

Cellulose, therefore, is an example of a molecular 
crystal (see Chapter I, page 597) in so far as the points 
on the lattice are occupied by CsHiO; groups rather 
than by ions or atoms. When used in connection 
with cellulose, the term ‘‘molecule’’ loses its usual 
significance. Evidently the CsH1O; group is not a 
molecule since it does not occur as a separate entity 
but is connected to other similar groups through valence 
bonds. An entire chain might be thought of as a mole- 
cule, but the chains are probably of widely different 
lengths. This, indeed, may be one reason for the very 
different values which have been obtained for the 
“molecular weight.” With.the establishment of the 
structure of the cellulose crystal, misunderstanding 
may be avoided by referring to CsH10O; as a “‘link’’ and 
to (CsH100s)» as a ‘‘chain.” 

So far we have considered only the crystal structure of 
the cellulose. In Figure 7 is shown the probable 
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FiGuRE 7.—A SECTION OF 
A CELLULOSE FIBER 


Showing the probable posi- 
tions of the cellulose crystals 
in the fiber wall, according to 
Sponsler. The unit cells are 
greatly magnified. 


++ + 


position of the cellulose crystals with relation to the 
fiber as a whole. The crystal, of course, is magnified 
out of all proportion to the size of the fiber; for if a 
glucose residue were represented as only 1/s-inch in 
diameter, a circle 400 feet in diameter would be re- 
quired to represent the cross-section of the fiber. 
Because the ‘‘b” axes of the crystals, along which the 
oxygen bridges and primary valence chains lie, is 
parallel to the longitudinal axis of the fiber, cellulose 
fibers possess a very high tensile strength in this direc- 
tion. A fiber is relatively weak in the cross-sectional 
directions, however, because the glucose residues in 
adjacent chains are held by weaker molecular forces. 
X-ray data indicate that the entire fiber does not 
consist of truly crystalline cellulose. There are at least 
two ways to account for the apparent discontinuity 
of the crystals, and each of these explanations has its 
supporters. For several years the majority has 
held that X-ray and other evidence indicates that the 
fiber material is probably broken up into submicroscopic 
particles* known as micelles, these micelles being 
embedded in an amorphous matrix of some sort and 





* These micelles, according to Meyer and Mark, loc. cit., are 
approximately 50 X 50 X 500 A.U. in size. 
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oriented with respect to the fiber axis. They are, 
in short, individual crystals of cellulose. The con- 
ception of the micelle in plant fibers is a relatively 
old one. There is at present, however, a growing con- 
viction, held by Sponsler and others, that these discrete 
particles or crystals do not exist. Rather, the crys- 
talline regularity of the cellulose chains may be inter- 
rupted by minute warped or bent sections of these long 
chains. The chains are not broken to form separate 
particles, but their warping causes these regions to be 
essentially amorphous. This latter explanation to 
account for the discontinuity of crystalline cellulose is, 
say its adherents, much more in keeping with the 
general picture of the mechanism of cell-wall growth. 

Thus far, in keeping with our usual procedure in 
crystal chemistry, we have considered the ultimate 
building stones, glucose residues, and from them con- 
structed the crystalline material of the cellulose fiber. 
Briefly, we have seen that the fiber wall consists of 
these glucose residues linked together by strong valence 
forces into long chains which extend, in general, length- 
wise of the fibers. Where these chains lie parallel and 
uniformly spaced according to a definite plan, crys- 
talline cellulose, as we have pictured it, exists. 

We shall find that other fibers have more or less 
similar structures and that knowledge of these struc- 
tures may be turned to practical advantage. 

Ramie and Cotton Fibers—In ramie the cellulose 
crystallites lie in a very orderly fashion almost parallel 
to the axis of the fiber (see Figures 1 and 2). Ramie 
(and flax), therefore, have the greatest tensile strength 
of all natural fibers (see Table 2). On the other hand, 
these fibers are relatively brittle and do not weave 
easily and, when woven, form a harsh fabric. In 
cotton the crystallites are not perfectly arranged; 
they are inclined at an angle to the fiber axis and this 
spiral angle may vary over a range of 30° or more 
(see Figure 1). Thus cotton has not the tensile 
strength of ramie but it is a more resilient fiber and 
weaves into a softer fabric. The more perfect parallel 
orientation of the building stones in ramie results 
in a denser packing of these crystallites and opposes 
the penetration of various reagents, whereas the ir- 
regularity of the crystallites in cotton permits pene- 
tration to a greater extent. For this reason it is more 
difficult to mercerize or dye flax and ramie than it is to 
perform the same treatment on cotton. Ramie does 
not swell as readily or as extensively as cotton, since 
swelling is caused by the penetration of water or solu- 
tion between the cellulose chains. 

Wood.—The most interesting thing about wood 
fibers is the great variation in structure which they ex- 
hibit. A typical wood fiber is shown diagrammatically 
in Figure 3. It is the slope of the fibrils in the primary 
layer of the fiber walls which seems to vary, depending 
upon the conditions of growth. While we have scarcely 
made a beginning in the study of this aspect of the 
structure of the wood fiber, the following points of 
interest may be listed. 

1. The crystallites of cellulose in the fiber wall may 
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Left——Lombardy Poplar. Wood nearest 
to the bark on the upper side of branch, 
about three feet from the growing tip. The 
cellulose crystallites lie almost parallel to the 
fiber axis. See Figure 1. 


Right.—Redwood compression wood. The 
cellulose crystallites lie almost parallel to 
each other at a definite slope to the fiber 
axis. See Figure 1. 


FIGURE 8.—DIFFRACTION PATTERNS INDICATING TYPICAL ORIENTATION OF THE CRYSTALLITES IN WOOD FIBERS 


lie parallel to the fiber axis (Figure 8a) or at a constant 
slope to this axis and parallel to each other (Figure 8b) ; 
or they may be less perfectly oriented, deviating usually 
from the spiral arrangement in Figure 1. 
2. The orientation of the crystallites is influenced 
by: 
(a) Species of wood. 
(b) Season of growth. Summerwood is usually more 
perfectly oriented than springwood of the same 
variety. Whichever season favors the formation 
of denser wood will produce fibers in which the 
crystallites are more perfectly oriented. 
Position of growth. In compression wood, 
formed on the leaning sides of trunks or the 
under sides of branches, the crystallites are more 
perfectly oriented. 
In poplar branches, as the distance from the 
growing tip increases the orientation of the crys- 
tallites becomes more perfect. There is a 
special orientation of the crystallites which 
develops at the point where a branch joins the 
trunk or parent branch. 


Aside from its interest to botanists it is important to 
understand the structure of wood fibers because, as 
would be expected, the mechanical properties of the 
wood are related to this structure. Woods, the fibers 
of which are built up of crystallites lying more or 
less parallel to the fiber axis, are those which split 
easily, have high tensile strength and undergo little 
longitudinal shrinkage. When the orientation in the 
fiber walls is less perfect, the wood is tougher, but is 
not as strong and may shrink so badly that it is worth- 
less for structural purposes. 


PROTEIN FIBERS 


Natural Silk.—Silk produces a fiber X-ray diagram, 
which indicates that it is crystalline and that, accord- 
ing to our fundamental definition of a fiber the crystals 
are more or less perfectly aligned in a given direc- 
tion—the direction of the fiber axis. The silk protein 
(fibroin) forms long chain molecules (see Figure 9) 
which build up into some sort of aggregate resembling 


the cellulose crystallites. Protein crystallites are 
much less definite than the analogous cellulose struc- 
tures, however. As with cellulose fibers, the degree of 
orientation of the crystals determines the strength of 
the fiber. By the simple expedient of precipitating the 
natural silkworm secretion in a suitable medium and 
then stroking it repeatedly in the same direction be- 
tween two fingers, the orientation of the crystallites 
may be improved and the tensile strength raised from 
10 to 30 kg./sq. mm. This procedure for the ‘‘fiber- 
ing’ of a strand of silk—the alignment of the protein 
crystals in the direction of stroking—is strikingly 
reminiscent of the orientation of match sticks by raking. 
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FIGURE 9.—DIAGRAM TO SHOW RELATION OF FOLDED PROTEIN 
MOLECULE IN UNSTRETCHED HAIR (LEFT) TO THE SAME 
MOLECULE EXTENDED IN STRETCHED Hair (RIGHT) 


The extended molecule ‘might also serve as a model for 
natural silk. An R in the figure indicates a residue of one 
of the several component amino acids. i 
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Wool, Hair.—Apparently all animal hairs, as well as 
porcupine quills, nails, horn, etc., are built from the 
same a-keratin. This is to be distinguished from 
8-keratin which is formed when the natural fiber is 
stretched. Wool and hair are fibers in either the 
stretched or unstretched condition in the sense that the 
keratin molecules are oriented more or less regularly 
with respect to the fiber axis. 

It is believed that the a-keratin of unstretched wool 
is a folded or contracted molecule, while the 8-keratin of 
stretched wool is the same molecule extended. Asshown 
in Figure 9, there is an actual increase in the length of the 
molecule when wool is stretched. This stretching 
may be accomplished to some extent by wetting, or 
more efficiently by steaming. If the wool or hair is 
allowed to dry in the stretched position it will become 
set and remain stretched for some time. The stretch- 
ing of the keratin molecule in the wool fiber, therefore, 
is responsible for the permanent wave of human hair. 
To those familiar with the behavior of permanent 
waves, it is needless to say that wool will slowly return 
to the original condition as the 8-keratin changes back 
to a-keratin. 

It has recently been shown, further, that the mole- 
cules in unstretched wool fibers are not completely 
contracted and may be shrunk to half their original 
length, thus accounting for the well-known tendency 
of wool to shrink considerably even if it has not been 
previously stretched. 

Wool, then, differs fundamentally from cellulose 
and silk in that stretching causes a transition from one 
crystal form to another. Stretching cellulose or silk 
merely brings about a more perfect alignment of the 
crystallites without changing their structure. 

Muscle.—In a muscle at rest, the molecules are 
contracted and are in random orientation. The re- 
laxed muscle does not have a fibrous structure in the 
sense in which we are using that term. When the 
muscle is stretched, however, the large protein mole- 
cules are extended and oriented in the direction of 
stretching and a true fiber results. As with wool, this 
change is reversible. When the tension is released 
the molecules fall back into random orientation. 

An interesting relation exists between these three 
protein fibers—silk, wool, and muscle. There is only 
one form of crystalline silk unaltered by stretching. 
There are two forms of wool and the stretched form, 
6-keratin, is analogous to silk (see Figure 9). Strange 
as it may seem, the structure of the unstretched wool, 
a-keratin, closely resembles that of stretched muscle. 
The normal contraction of stretched muscle suggests 
that it should be possible to contract unstretched wool 
and, as mentioned above, this has recently been done 
experimentally. 

Rubber.—Although rubber is a hydrocarbon, its 
behavior as a fiber is similar to that of the protein 
muscle. In unstretched rubber the molecules are 
probably unextended and lie in random‘ orientation. 
When rubber is stretched, the long chain molecules of 
C;Hs ‘‘links” are extended and line up in the direction 
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of stretching. When the tension is released the fiber 
structure is lost. The change is reversible under 
ordinary conditions. 

Why is a rubber band elastic, whereas the elasticity 
of a cotton thread is negligible to the ordinary observer? 
We may find at least one reasonable clue to this differ- 
ence in the preceding discussion. Those substances 
(wool, muscle, rubber) in which the fibering process— 
the extension and orientation of the long molecules—is 
reversible are the fibers which appear to be, from the 
practical standpoint, the elastic fibers. Under very 
drastic treatment a rubber band can be given a more 
or less permanent set, that is, the C;Hs chains will not 
curl up again when the tension is released. Rubber 
which has been set in this way is found to have lost all of 
its elasticity. It is no more like the original rubber in 
this respect than is a cotton string. 

The relative ease with which the orientation of 
cellulose, protein, and rubber fibers may be affected is 
also of interest. To alter the orientation in cellulose 
fibers rather vigorous chemical treatment is necessary 
until the forces between the crystallites have been 
weakened. Only after that has been accomplished 
can tension be successfully applied to increase the 
orientation of these crystallites in the direction of the 
tension. They are literally “‘pulled into line.’’ As has 
been mentioned, the crystallites in natural silk may be 
coaxed into a more perfect alignment by repeated, 
gentle stroking of the fiber suspended in a suitable 
medium. These two are not elastic; the change is 
not reversible in the usual sense. Wool, next in order, 
may be altered simply by the application of tension 
when the fiber is wet. Muscle or rubber molecules, as 
we have seen, may be fibered under tension without 
any preliminary treatment of the fiber. 

Perhaps of equal practical importance is the fact 
that the more difficult it is to bring about these changes 
in the structure of fibers, the more permanent the 
alterations become, once they have been made. When 
cotton is treated with dilute sodium hydroxide solu- 
tion, the crystallites are loosened somewhat so that, 
if the thread is dried under tension, a more perfect 
orientation of the crystallites results. This new 
alignment of the crystals is yery stable. It is for- 
tunate that this is so, for it enhances greatly the use- 
fulness of the ‘‘mercerized”’ cotton. On the other hand, 
the permanent wave put into wool merely by steaming 
and drying under tension, is not permanent under the 
best conditions and “‘comes out” in a comparatively 
short time. Rubber and muscle, most easily fibered, 
will remain that way only while tension is being applied. 


MAN-MADE FIBERS 


In our discussion of animal and plant fibers we have 
stressed the importance of the long molecular chains, 
the preferred orientation of the crystalline building 
blocks being important only in that it causes the align- 
ment of these long chains. In the consideration of 
the man-made fibers our fundamental conception of a 
fiber—a crystalline aggregate in which the crystals 
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show a preferred orientation in the direction of the 
fiber axis—again becomes of prime importance. 

The Drawing and Rolling of Metals—The most 
perfect example of an artificial fiber is a drawn wire. 
In an annealed casting the individual crystals are in 
random orientation. When the metal is drawn into a 
fine wire by repeated passages in the same direction 
through a series of dies, the effect upon the individual 
crystals is very similar to that of the rake upon the 
match sticks, and the crystals tend to line up in the 
direction of drawing. In the case of aluminum it is 
the body diagonals of the cubic crystals which become 
parallel to the fiber axis, but other metals may line up 
in different ways. An interesting fact about hard- 
(cold-) drawn wires is that the orientation of the 
crystals is much more perfect at the center than to- 
ward the surface. At the center of the wire the flow 
of metal is predominantly in the direction of drawing. 
Near the surface, however, there is pressure toward 
the center of the wire (since its diameter is being 
reduced) added to tension in the direction of drawing 
and under these two conflicting influences there is 
confusion and the crystals cannot line up in a regular 
fashion. At the outer surface of a hard-drawn wire, 
therefore, there is practically no evidence of preferred 
orientation of the crystal grains. 

The crystals in a metal may be oriented in a different 
way by rolling, bending, or any other fabricating process 
in which the metal is caused to flow in a preferred 
direction. The degree and type of orientation pro- 
duced by rolling depends in great measure upon the 
number of times the sheet is rolled; just as the degree 
of alignment of the match sticks depends upon the 
number of times the rake is drawn through them in 
the same direction. Investigation has shown that 
the first effect of the rolls is to break up the crystal 
grains in the metal sheet. After several passes of an 
ordinary low-carbon steel, the crystals begin to assume 
a preferred orientation—the sheet becomes fibered. 
These two stages in the change during rolling are 
indicated in the X-ray diffraction patterns in Figure 10. 

The orientation of the crystals in these man-made 
fibers has, as in natural fibers, a profound effect upon 





A B 
FicurE 10.—D1rFRACTION PATTERNS SHOWING ‘“‘FIBERING” OF SHEET STEEL 


PRODUCED By COLD ROLLING. 


A. Annealed sheet before rolling. 
B. Intermediate stage. 
fragmentation of the grains. 

C. Final rolled sheet. 
rolling process. 


and the sheet will again produce a diffraction pattern similar to A. 





(From G. L. Clark) 


Up to this point the rolling has produced only 


The crystal grains have been strongly oriented by the 
By a suitable annealing process this orientation may be destroyed 
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their properties. This may readily be seen from typical 
tensile strength data shown in Table 1. These are 
average values for cold-drawn steel and for aluminum, 
rolled and drawn. 


TABLE 1 


Tue Errect or Cotp DRAWING, ROLLING, AND ANNEALING ON THE 
PROPERTIES OF MILD CARBON STEEL AND ALUMINUM 


% Tensile Strength Elongation 


0.1% Carbon Steel—Drawn Reduction in lb./sq. in. % 
Green rod ; 68,000 25 
First draft 35 93,000 3 
Third draft 70 130,000 2 
Fifth draft 85 145,000 1.5 
Annealed after fifth draft 62,000 26 
Aluminum 
Cast 11,000 
Cold drawn to 13/15” 19,500 
Cold drawn to 13/19”, annealed 16,600 
Rolled 1/4” sheets 18,700 
Rolled 1/4” sheets, annealed 13,200 
Rolled 1/20” sheets 20,500 

13,100 


Rolled 1/20” sheets, annealed 


It is evident that any treatment which tends to im- 
prove the orientation of the crystals in the metal will 
increase the tensile strength; indeed, the strength of 
steel wire is more than double that of the original rod 
from which it was drawn. Not all the added strength 
results from the orientation of the crystals, however. 
The fragmentation and distortion of grains which occur 
during any cold-working of the metal also contribute 
to the strength. 

The same cold-working which produces an increase 
in the tensile strength also increases the brittleness of a 
metal. This may not decrease the usefulness of a wire, 
but is a serious handicap in the use of rolled sheets. 
Most sheet steel, for example, is fabricated into various 
shapes, such as automobile fenders, and must be pliable 
enough to bend without breaking. The annealing of 
rolled sheets is therefore a vital part of the process. 
When a sheet is heated to the right temperature the 
mobility of the crystals is increased and they depart 
from their orderly arrangement and tend to reassume 
the random positions which they occupied before roll- 
ing. The temperature and time of annealing will 
determine the degree to which this rearrangement 
occurs and will, in turn, control the properties of the 
finished sheet. A properly annealed 
sheet is pliable and may be fabricated 
successfully. The data for the ‘‘green 
rod” and ‘‘annealed after fifth draft’’ in 
Table 1 show clearly the effect of anneal- 
ing on the properties of the wire. 

One might suspect that if a wire 
were drawn hot, or a sheet rolled when 
hot, the crystals would never get a 
chance to ‘‘settle down’”’ in an oriented 
Cc position. As a matter of fact, this is 
exactly what happens. The properties 
of steel are not altered to the same ex- 
tent by hot rolling, nor is there the 
same X-ray evidence that the crystals 
have become oriented. Metal fibers, 
then, are produced by cold-working. 
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The change in structure brought 
about by heat treatment of. cold- 
worked metals is not to be con- 
fused with the so-called tempering 
of steel. In the latter case the 
alteration of properties is due toa 
different sort of structural change 
within the steel. 

Rayon.—Rayon is made by dis- 
persing cellulose or a cellulose deriv- 
ative in a suitable medium and then 
extruding it through a fine opening 
into a coagulating bath. Mechani- 
cally the process is an imitation 
of that of the silk worm. The first 
rayon fibers were not of the highest 
quality; they lacked tensile strength 
and disintegrated too easily when 
washed. We are now sufficiently well versed in the 
structure and properties of fibers to predict that both 
of these defects may be overcome to a considerable ex- 
tent if the orientation of the cellulose crystallites in the 
fiber can be improved, and that it should be possible to 
improve the orientation by the application of tension 
to the fiber at some stage in the process after its for- 
mation but before it is dry and before the crystallites 
have a chance to become set. By the ingenious ex- 
pedient of drying rayon threads under tension, there- 
fore, the tensile strength of the commercial product 
has been increased several fold (see Table 2) and rayon 
has become a much more useful product, more durable 
in the face of frequent washing. The diffraction pat- 
terns of old and improved rayon, reproduced in Figure 
11, indicate the difference in the degree of orientation 
of the crystallites in the fiber. 

This same procedure, drying under tension, has 
recently been successful in improving the quality of 
catgut sutures used in surgery. 


SUMMARY 


In general, a fiber is any crystalline aggregate in 
which the crystals show a preferred orientation, the 
direction of orientation being that of the fiber axis. 
This structural conception includes minerals and 
metals as well as the animal and plant products com- 
monly called fibers. 

Animal and plant fibers are built of long molecular 
chains, the links of which are held together by primary 
valences. Where these chains lie parallel to each other 
in planes, according to a fixed plan, a crystalline form 
of matter exists. In cellulose at least, a large propor- 
tion of the fiber is composed of crystalline material, 
the nature of which has been described. In protein 
and other fibers the crystals are not always as well 
formed. 

The crystallites in a fiber may be oriented so that the 
primary valence chains are roughly parallel to the 
fiber axis, or inclined at an angle to this axis 

Fibers may consist of extended molecular chains 
(e. g., cellulose, natural silk, stretched rubber, stretched 


A. Old rayon. 
B. New rayon. 


A 


FIGURE 11.—DIFFRACTION PATTERNS TO SHOW FIBERING IN RAYON THREAD 


(From G. L. Clark) 


Crystallites poorly oriented. 
Crystallites well oriented. 


wool) or of folded molecular chains (e. g., unstretched 
rubber, unstretched wool). The elastic fibers appear 
to be those in which the extension of the molecular 
chains is reversible (e. g., wool, rubber, muscle). 

The fibrous form of matter is very important in our 
understanding of solids because preferred orientation 
of the crystalline groups gives directional properties 
to such solids. Among the most significant of these 
properties are (1) tensile strength in the direction of 
the fiber axis, (2) brittleness or resiliency at right 
angles to this axis, and (3) the resistance offered by the 
fibers to the penetration of reagents. The changes 
which may be produced in the strength of fibers are 
not merely of theoretical interest. They are of suf- 
ficient magnitude to be of practical significance. In 
Table 2 are listed comparative tensile strengths* 
of some of the substances which have been discussed 
in the preceding pages. 

TABLE 2 
TENSILE STRENGTHS OF SOME COMMON FIBERS, IN Ka./sSQ. MM. 


50-160 Cotton 28-44 
20— 50 Rayon, ordinary 18-20 
60-110 Rayon, well oriented 60 
70— 80 Rubber, ordinary 15-20 
35— 44 Rubber, well oriented 60 


Steel 
Copper 
Flax 
Ramie 
Silk 
One cannot fail to be impressed by the similarity in 
behavior of all fibers, which emphasizes the relation be- 
tween their structure and properties. It is so striking 
that one may, with reasonable certainty, predict the 
general properties of any fiber. The tensile strength 
of natural silk is increased by stroking it with the 
fingers; the tensile strength of steel wire is increased by 
drawing it through a die. The longitudinal shrinkage 
of wood is least when the fibrils lie parallel to the fiber 
axis; the elasticity of rubber is negligible when the 
long chain molecules are ‘‘set’” parallel to the direc- 
tion of stretching; the elongation of steel wire is least 
when the crystal grains are most regularly oriented 
parallel to the axis of the wire—and so it goes. The 


* H. Mark, “The fine structure and mechanical properties of 
fibers,” Trans. Faraday Soc., 29, 6 (1933); G. L. Crarx, ‘‘Cellu- 
lose as it is completely revealed by X-rays,’’ Ind. Eng. Chem., 22, 
474 (1930). 
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same sort of treatment produces the same crystal 
orientation and this, in turn, imparts the same direc- 
tional properties to the fiber, whether it be animal, 
vegetable, or mineral—fashioned by nature or by man. 
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From CONCRETE to ABSTRACT 


in ELEMENTARY CHEMISTRY 


HEORETICAL chemistry, notwithstanding the 
multitude of its practical applications, is one of 
the most abstract of sciences. Its laws and 
hypotheses are almost entirely deduced or inferred 
from physical observations and are logically incapable 
of rigid proof. So-called ‘“‘demonstrations” are merely 
individual illustrations of their practical applicability. 

Psychological research seems to show that only a 
small proportion—perhaps one-fifth—of average human 
minds are inherently capable of abstract thought. 
Most people are capable of “learning’’ a certain 
number of facts, of reproducing them more or less 
verbalistically, and even of applying them practically 
to a narrow range of circumstances. But relatively 
few are capable of comprehending a philosophical 
generalization abstracted from observed and classified 
data. 

In the October, 1933, number of the Journal of 
Higher Education (p. 365) Elliot R. Downing states: 

Mr. Benjamin has shown that it takes two or three weeks for 

high-school pupils to understand and to gain facility in the 
application of one of the usual laws or principles of physics so 
he can successfully use it to solve problems of the sort that arise 
in life. The author has similarly shown that it takes three to 
six weeks to give a mastery of a principle or group of closely re- 
lated principles in biology. 
Theoretical chemistry is undoubtedly far more ab- 
stract than either high-school physics or biology, and 
the time required for the mastery of chemical hypothe- 
ses by high-school students would be commensurably 
greater. 

To what extent has the average elementary chemistry 
textbook adapted itself to these facts? Frankly, not 
atall. On the basis of a slight and often unsatisfactory 
experimental study of oxygen and hydrogen—and 
within a few weeks’ time—the student is expected to 
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master and apply a long list of new concepts and hy- 
potheses, such as the “‘laws’’ of Dalton, Charles, Boyle, 
Gay-Lussac, Henry, definite and multiple proportions, 
together with the atomic theory, and is then rushed on, 
with never a chance to get his mental breath, to such 
subjects as ionization, equilibrium, mass action, and 
atomic structure theory, wafted in on the wings of 
radioactivity. Without doubt the next important high- 
school chemistry text which appears will include some 
kind of “‘elementary’”’ treatment of wave mechanics. 

How does the average student react to this assault 
upon his mentality? Ordinarily he takes refuge in 
verbalism, learning by rote, with hardly a glimmer of 
comprehension, the laws and definitions of the text, 
and reproducing them by name, or according to their 
order of presentation in the text, when examined. The 
slightest disguise of wording or terminology throws him 
completely off the track, and he angrily demands to be 
told “‘what the teacher wants.” He may learn to work 
problems by formula in a purely mechanical way, with- 
out a trace of visualization or insight into the realities 
which the problems are intended to illustrate. It is 
not fair, he feels, if the teacher sets him problems of 
types differing in the slightest degree from those in the 
book, or unfamiliar re-combinations of any kind. A 
few intelligent students, realizing that they do not 
understand, may labor to some profit, but are more 
likely to rebel and declare that they don’t believe a 
word of the stuff anyhow. 

Few teachers seem to realize how many millennia it 
required for the greatest minds of the ages to arrive at 
the concepts which we now so light-heartedly take for 
granted. The very idea of gas as a definite substance— 
or group of independent substances—did not emerge 
until van Helmont’s time. It is not at all easy for 
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beginning students to visualize a tasteless, odorless, 
colorless, intangible substance as anything. And yet 
we plunge them into ideas with which some of the great- 
est philosophers struggled in vain, and try to lead them 
to a comprehension of universal principles and vast 
generalizations on the basis of a very minimum of 
difficult and often obscure experimental illustrations. 

It has been the writer’s fate to examine numerous 
candidates for master’s and doctor’s degrees in chem- 
istry. Only a small proportion of these students, after 
from five to seven years of continuous, intensive study 
of chemistry, have been found to possess anything like 
an adequate comprehension of the philosophical basis 
of theoretical chemistry. Their minds are often vast 
storehouses of empirical facts, but when asked, for 
example, to illustrate the law of multiple proportion 
from the fact that the two common oxides of sulfur 
contain 50 per cent and 60 per cent of oxygen, respec- 
tively, they are as likely as not to give the required 
simple ratio as 5:6 or—even more surprisingly—as 
1:2, based on the arithmetical accident that the atomic 
weight of sulfur is twice that of oxygen. And it 
is sometimes difficult to get them to see, afterward, 
that these answers miss the whole point. How, then, 
can high-school “‘toot” be expected to understand why 
the atomic theory was formulated? 

It is the writer’s firm conviction, based on these obser: 
vations, that every introductory course in chemistry— 
whether high-school or collegiate—should begin with a 
study of the more obvious physical properties of the 
tangible—liquid and solid—elements and their com- 
pounds, introducing carefully and gradually the more 
difficult phenomena of chemical reactions. (The diffi- 
cult question of the relation between high-school and 
college chemistry is not the subject of this paper.) 
Modern chemical theory is based largely upon the 
quantiative relations involved in chemical reactions. 
These can be adequately and amply illustrated without 
any reference to gas laws. The atomic theory can be 
simply presented upon the basis of the law of definite 
proportions alone, and this is as far as elementary 
theoretical chemistry need go. Chemical symbols, 
formulas, equations, and stoichiometrical problems can 
all be presented on this foundation. There then opens 
up to the elementary chemistry teacher a wide field 
of practical applications, industrial processes, and other 
“cultural’’ aspects of the science. The high-school or 
university student who does not intend to major in 
chemistry, or whose preprofessional prerequisites do 
not include chemistry, can obtain a reasonably adequate 
and comprehensive understanding of the subject, 
sufficient for an intelligent grasp of the chemistry of 
everyday life. 

This plan offers at least two important advantages. 
First, it revives, in chemistry teaching, a classical 
pedagogical maxim which has been largely lost sight 
of: ‘Proceed from the concrete to the abstract.” 
It gives the student a broad, factual acquaintance with 
tangible chemical phenomena before he seriously attacks 
the difficult field of chemical theory. Second, it meets 
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the wide demand for a ‘‘cultural’’ course in chemistry, 
uncomplicated by mathematics—in which the average 
student is notoriously helpless—and largely freed from 
the difficult abstractions which a large majority of 
students are allegedly inherently incapable of compre- 
hending. 

European education follows, to a certain extent at 
least, this plan. Secondary students are given a 
leisurely course in elementary chemistry, covering a 
period of several years, in which the chief emphasis is 
placed upon acquaintance with empirical facts and 
quantitative relationships which the student himself 
demonstrates. No comprehensive presentation of 
chemical theory is attempted until a broad, factual 
foundation has been laid. Considerable laboratory 
technic has also been acquired, so that when the crucial 
experiments underlying chemical theory are presented 
the student is already familiar with apparatus and 
methods and can concentrate his attention upon the 
philosophical inferences of the experimental data. 
Usually, the beginning chemistry student in America 
is overwhelmed by a flood of strange, confusing im- 
pressions—new forms of tools and apparatus, an un- 
familiar system of weights and measures, a new termi- 
nology, fundamental concepts outside the range of his 
previous experience, philosophical principles of the 
widest extension passed over with hardly a word of 
explanation, and the fundamental laws of physics 
light-heartedly taken for granted as the basis of chemi- 
cal theory. No wonder his mind quickly becomes, 
to borrow James’s phrase, “‘a big, buzzing, blooming 
confusion.” 

A further advantage of this empirical, ‘cultural’ 
course is that it can be given with very little reference 
to the fundamental laws of physics, whereas theoretical 
chemistry consists largely of abstractions from physical 
laws and data obtained from observations made by 
means of physical methods. No student should be al- 
lowed to attempt a course in theoretical chemistry 
without having taken a thorough course in general 
physics—to which prerequisite should be added a 
review of grade-school arithmetic and high-school 
algebra. 

It is instructive to compare Buropean and American 
chemistry textbooks. The preface of Holleman’s well- 
known text states that ‘‘the book is adapted to the 
needs of the student who is already acquainted with 
the rudiments of chemistry and it has proved to be 
especially helpful to the advanced student 
Yet if one compares the contents of almost any Ameri- 
can “elementary” or ‘‘beginning”’ text with Holleman, 
one finds the same immediate plunge into the deep 
waters of chemical theory which the famous Dutch 
author and teacher recommends only to students who 
are “already acquainted with the rudiments.” 

Chemistry will remain a bugbear subject to the aver- 
age high-school and college student until chemistry 
teachers have thoroughly resuscitated the ancient but 
sound maxim: ‘Proceed from the concrete to the 
abstract.” 
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years of the nineteenth centuries may be desig- 
nated as the period which marked the transition 

from alchemy to chemistry. During the decade 
1790 to 1800 Ezra Stiles was closing his career as presi- 
dent of Yale College, Benjamin Silliman was completing 
his college course, and Timothy Dwight the elder took 
up the duties of the Yale presidency. This was an 
epoch-making period in the history of chemistry at 
Yale. 

Ezra Stiles was an interested student of alchemy, 
with, however, a greater lean- 
ing toward its scientific reali- 
ties than toward its fanciful 
dreams. Timothy Dwight 
seems to have had a prophetic 
appreciation of the future of 
the budding science of chem- 
istry and Benjamin Silliman 
found himself developing an 
interest in the study of nat- 
ural and physical phenomena, 
but with no expectation of 
making science his profession. 

The following account of 
the aims and scientific equip- 
ment of Yale College during 
Silliman’s undergraduate days 
is given in his own words: 


Tse latter years of the eighteenth and the early 


A primary object in the institu- 
tion of the college was the educa- 
tion of ministers of the Gospel. 
Classical learning was therefore the 
principal object of attention, and 
so it continued until my time. To 
train young men to write and to 
speak was the great effort of the 
instructors...The mathematics 
were not forgotten, and their value was appreciated. 

The discoveries in the preceding century had given great 
dignity and attractiveness to astronomy and to physical dy- 
namics, and there were always in the College devotees to these 
sciences and to mathematics. 

In the first century of Yale College, a single room was ap- 


* This paper, which was read before the History of Chemistry 
Section at the Chicago Meeting of the American Chemical 
Society, September 11, 1933, is an abbreviation of the first 
section of a “History of the Yale Chemistry Department,” 
which the writer is preparing. The quotations from Benjamin 
Silliman are taken from Fisher’s ‘“‘Life of Benjamin Silliman” 
with the permission of the Charles Scribner Sons. 


RocrErs’ MINIATURE OF BENJAMIN SILLIMAN, 1818 


It was in this year that Silliman, aged 39 years, 
started the American Journal of Science. 


propriated to apparatus in physics. ..There was an air of mys- 
tery about the room and the window shutters were always kept 
closed except when visitors or students were introduced. And 
we entered with awe, increasing to admiration after we had seen 
something of the apparatus and experiments....During my 
novitiate, chemistry was scarcely ever named. I well remember 
when I received my earliest impressions in relation to chemistry. 
Professor Josiah Meigs—1794 to 1801—delivered lectures on 
natural philosophy from the pulpit of the College Chapel. He 
was a gentleman of great intelligence, and had read Chaptal, 
Lavoisier, and other chemical writers of the French school. 
From these and other sources, he occasionally introduced chemi- 
cal facts and principles in common with those of natural philoso- 
phy.... These...created in my 
youthful mind a vivid curiosity 
to know more of the science to 
which they appertained. 


Silliman entered Yale Col- 
lege in 1792 and was graduated 
at the age of sixteen in 1796. 
His original intention was the 
study and practice of law and 
he was carrying this out when 
a call to Georgia necessitated 
an important decision which 
led him to consult President 
Dwight. This interview is 
described by Silliman: 


While I was deliberating upon 
this important subject, I met the 
President, one very warm morning 
in July 180i, under the shade of 
the grand trees in the street in 
front of the college buildings, 
when, after the usual salutations, 
we lingered, and conversation en- 
sued... He had been a warm per- 
sonal friend of my deceased father, 
and I felt it both a privilege and 
duty to ask his advice on this oc- 
casion. After I had stated the 
case to him he promptly replied and with his usual decision 
said: “I advise you not to go to Georgia.” (His reasons were 
the dangers of the climate and the practice of slavery.) He 
continued: “I have still other reasons which I will proceed to 
state to you.” He then proceeded to say that the Corporation 
of the College had, several years before, at his recommendation 
passed a resolution to establish a Professorship of Chemistry 
and Natural History as soon as funds would admit of it. 
That time had now arrived. He said, however, that it was at 
present impossible to find among us a man properly qualified to 
discharge the duties of the office. He remarked, moreover, that 
a foreigner, with his peculiar habits and prejudices, would not 
feel and act in unison with us...He saw no way but to select a 
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Timotuy DWIGHT 
President of Yale, 1795-1817 


young man worthy of confidence, and allow him to acquire the 
requisite science and skill, and wait for him until he should be 
prepared to begin. He decidedly preferred one of our young 
men born and trained among us, and possessed of our habits 
and sympathies. 

The President then did me the honor to propose that I should 
consent to have my name presented to the Corporation, giving 
me at the same time the assurance of his cordial support, and of 
his belief that the appointment would be made. Continuing the 
President said: ‘‘I could not propose to you a course of life and 
of effort which would promise more usefulness or more reputation. 
The profession of law does not need you...In the profession 
which I proffer to you there will be no rival here. The field 
will be all your own. The study will be full of interest and 
gratification, and the presentation which you will be able to 
make of it to the college classes and the public will afford much 
instruction and delight. Our country, as regards the physical 
sciences, is rich in unexplored treasures, and by aiding in their 
development you will perform an important service, and connect 
your name with the rising reputation of our native land. Time 
will be allowed you to make every necessary preparation; and 
when you enter upon your duties, you will speak to those to 
whom the subject will be new. You will advance in the knowl- 
edge of your profession more rapidly than your pupils can follow 
you, and always be ahead of your audience.” 


After some deliberation, Silliman accepted the ap- 
pointment, and was elected in September, 1802. 
His reasons for accepting are given in his own words: 


The study of Nature appeared very attractive. In her works 
there is no falsehood, although there are mysteries to unveil, 
which is a very interesting achievement. Everything in Nature 
is straightforward and consistent. . .My taste led me in this ditec- 
tion, and I anticipated no sacrifice of feeling in relinquishing the 
prospect of practice at the Bar. ‘ 


The winters of 1802-03 and 1803-04 were spent in 
Philadelphia where he attended the lectures of Dr. 
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James Woodhouse and met and worked with Robert 
Hare to whose friendship and help he was to owe much. 
He also attended lectures on medical subjects, visited 
many manufactories and museums and wrote on his 
lectures. He was elected a member of the Philosophical 
Society about this time and so had free access to its 
library. He was also busy collecting and preparing 
apparatus for his work. 

He speaks with great appreciation of some con- 
tacts at Princeton as follows: 


At this celebrated seat of learning, an eminent gentleman, Dr. 
John Maclean, resided as Professor of Chemistry. I early at- 
tained an introduction to him by correspondence, and he favored 
me with a list of books for the promotion of my studies. Among 
these were Chaptal’s, Lavoisier’s and Fourcroy’s Chemistries, 
Scheele’s Essays, Bergman’s Works, Kirwin’s Mineralogy, etc. 
I also passed a few days with Dr. Maclean in my different transits 
to and from Philadelphia, and obtained from him a general in- 
sight into my future occupation; inspected his library and ap- 
paratus, and obtained his advice regarding many things. . .I re- 
gard him as my earliest master of chemistry, and Princeton as 
my first starting point in that pursuit. 


Time and space will not permit, at this time, a more 
detailed account of Silliman’s preparatory years but 
as we are at this time giving special recognition to the 
work of Dr. Joseph Priestley, the following incident is 
of interest. Silliman met Priestley at the home of 
Dr. Wistar in Philadelphia and says: 


Some of Dr. Priestley’s remarks I remember. Speaking of his 
chemical discoveries, which were very numerous, he said: ‘“‘When 
I made a discovery, I did not wait to perfect it by more elaborate 
research, but at once threw it out to the world, that I might es- 
tablish my claim before I was anticipated. I subjected what- 


Ezra STILES 
President of Yale, 1778-1795 
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ever came to hand to the action of fire or various chemical rea- 
gents, and the result was often fortunate in presenting some new 


discovery.” 


An account of Yale’s first chemical laboratory is 
best given in Silliman’s own words: 


In 1802 the Corporation of Yale erected the building which has 
ever since been known as the Lyceum. . .I understood that a deep 
excavation under the west end of the building was intended for a 
laboratory. After the prospect of my appointment had been 
opened to me by President Dwight, I cast anxious glances into 
that deep excavation, not exactly comprehending how it could be 
available for the purposes of science. On my return from 
Philadelphia, in the Spring of 1803, I found that a groined 
arch of boards had been constructed over the entire subterranean 
room. It rose from stone pillars of nearly half the height of the 
room, erected in each of the four corners and on the middle of the 
opposite sides. The effect was, therefore, by the curve of the 
arches, to cut off the light, more or less, from all of the windows... 
I made my appeal to the Corporation.. .I invited them to visit the 
room, to which there was no practical access except through a 
hole or scuttle in the roof of the arch. A ladder was there raised 
from below, or let down from above and they found themselves 
in a gloomy cavern, fifteen or sixteen feet below the surface of the 
ground, into which, especially as there was as yet no trench 
excavated around the outside of the building, little more light 
glimmered than just enough to make the darkness visible. 


Ff) As a result permission was obtained to remove the 
arch and the stone pillars. Then by causing a wide 
trench to be excavated outside and the earth banks 
held back by banks of masonry painted white some 
light was obtained. This cavern was fitted up as a 
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Up to that time the department was utilizing buildings 
remodeled for its use. 

On April 4, 1804, Silliman delivered his first lecture 
in chemistry. He was then not quite twenty-five years 
of age. This first lecture was read to the senior class 
on the history and progress, nature, and objects of 
chemistry. These lectures were continued until March, 
1805, when a fortunate occurrence gave him the oppor- 
tunity of study abroad. In September, 1804, the 
Corporation voted to expend ten thousand dollars in 
Europe, during the ensuing year, for the purchase of 
books for the library and of chemical and philosophical 
apparatus. Silliman being interested in this matter 
inquired how this was to be done, and learning that a 
five per cent. commission to the college booksellers 
and their correspondents was contemplated, put the 
following question to his good friend President Dwight: 


Why not, Sir, send me to transact this business, allowing me the 
percentage, and the continuing of my salary, which, if I were ab- 
sent but six months, would probably pay my expenses, and I 
should in the meantime have opportunity to improve in my 
profession? 


This proposition appealed favorably to the Presi- 
dent, arrangements were made to carry it through, 
and the time allotted for the stay abroad was doubled. 
By giving his lectures at the rate of four a week, 
Silliman was able to leave New Haven in March for his 
sojourn abroad. As I understand Silliman’s year 

















EVOLUTION OF THE YALE LABORATORY 
In the cellar of the Lyceum (1), which occupied the center of the Old Brick Row, B. Silliman had his labora- 


tory from 1804-1820, when he moved into the building known as the laboratory (2). 


In 1847 the President’s 


House (3), which also stood on the old campus, near where Farnam Hall now stands, became the laboratory of 
Agricultural and Applied Chemistry. The Chemistry Department of the Sheffield Scientific School moved into 


South Sheffield Hall in 1860 (4), and in 1895 again moved into the Sheffield Chemical Laboratory (5). 


In 1888 


the Kent Chemical Laboratory (6), (7) was built for the use of Yale College by Albert E. Kent and enlarged 
in 1901 and in 1906, by his son, Wm. Kent, ’87. In 1922 the completion of the Sterling Chemistry Laboratory (8) 


brought the two departments together in one building. 


working laboratory and lecture room and in it Silliman 
worked for fifteen years. In fact it was not until 1887 
and 1895 that the Yale Chemical Department had 
laboratories built especially for chemical purposes. 


abroad has been the subject of a paper before this 

group, by our Chairman, on a previous occasion,* I 

will only touch upon it briefly. The time was spent 
* Washington Meeting, A. C. S., spring of 1933. 
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SILLIMAN AS AN ELDERLY MAN 


almost entirely in London and in Edinburgh. In 
Manchester he met and heard John Dalton and thus 
describes the event: 


I found Mr. Dalton, who was a Quaker, with the plain dress 
and address of his sect. He apparently was from thirty-five 
to forty years of age. I attended an evening lecture by him on 
Electricity. ..The lecture was beautifully illustrated by experi- 
ments, and among them, in a darkened room the electrical dis- 
charge was conveyed around the cornices of the room by means 
of an interrupted wire, cut at short intervals; and as the dis- 
charge passed, there was a brilliant light at each interruption, 
and without any appreciable succession in time. ..The morning 
after the lecture, he gave me an hour or two in a conversational 
explanation of his views, and in showing me his apparatus and 
mode of experimenting. 


Going on to London, Silliman turned his attention 
first to the purchase of books and apparatus, this being 
the original object of his journey. The high spots of 
the London sojourn were the contacts with William 
Nicholson, the instrument maker, and Frederick 
Accum, a practical chemist and one-time assistant to 
Davy, who gave him special instruction in chemical 
manipulations. He also had opportunities to visit the 
British Museum, to attend meetings of the Royal 
Society, and to obtain an informal interview with Davy 
in his working laboratory at the Royal Institution. 
He also met Watt, Cavendish, Dalrymple, and Gren- 
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ville. Later in the year he went on to Edin- 
burgh and there he attended the lectures of 
Dr. Thomas Hope, who was the successor of 
the famous Dr. Black. To use Silliman’s own 
words: 


Dr. Hope’s admirable course finished my educa- 
tional training in Chemistry. I understood, realized, 
and retained every part of it. To me it was wortha 
voyage across the Atlantic. 


And in i805 such a voyage was no small un- 
dertaking. His estimate of the value of his 
study abroad is thus expressed by him: 


In relation to professional improvement, I trust it 
has been already rendered evident, that a much higher 
standard of excellence than I had before seen was pre- 
sented to me, especially in Edinburgh. Upon that 
scale I endeavored to form my professional character, 
to imitate what I saw and heard, and afterwards to 
introduce such improvements as I might be able to 
hit upon or invent. It is obvious that, had I rested 
content with the Philadelphia standard, except what 
I learned from my early friend, Robe-t Hare, the 
chemistry of Yale College would have been an humble 
affair. 


In May, 1806, Silliman returned to New 
Haven and when the term opened in the 
autumn of that year, four years after his 
appointment, the young professor found him- 
self in a position to attempt a full course. 
During that year he gave three and four 
lectures a week in chemistry, and mineralogy 
and geology were interspersed among the 
chemical lectures whenever there were mu- 
tual relations. Until 1853 he continued to 
give his lectures in chemistry and until about 1846 
instruction in that subject was only by lecture, prac- 
tically no opportunity being available for laboratory 
practice, except for the few selected students who 
assisted him in his work. He occupied not only the 
chair of chemistry but also a settee of science, for 
geology, mineralogy, and pharmacy were included. 
He did his full share of investigation for the time at 
his disposal but his chief accomplishment was the 
development of interest in science which he brought 
about by his lectures in New Haven, Boston, New York, 
and many other cities. In conclusion two estimates of 
his work are quoted, one from the late Prof. Arthur W. 
Wright, in Kingsley’s “History of Yale College’: 


His instruction was chiefly by means of lectures, and here his 
talents found their appropriate field, for beside the charms of 
an attractive manner, and the graces of an agreeable style, he 
possessed great manipulative skill, and a readiness and fertility 
in devising and executing experimental demonstrations that 
rendered his presentation of the truths of science doubly ef- 
fective. The grandeur of conception and the thorough prepara- 
tion of the experimental illustrations enabled him to exhibit the 
wonderful play of forces in chemical reactions. 


President Woolsey adds: 


He threw so much zeal into his discourse, expressed himself 
with such an attractive rhetoric, and supported his doctrine by 





experiments of such unfailing beauty and success, that all audi- 
ences delighted to hear him; so that for years no lecturer so 
attractive could address an assembly, whether gathered within 
the walls of a college or from the people of crowded cities. In 
his own lecture room the students felt the sway of his oratory. 
No other such instructions were given, uniting at once pleasure 
and improvement. Hence for many years the study of chemistry 
was perhaps, the most popular one in the institution. 


May I conclude this sketch with a quotation from 
our fellow associate, Dr. C. A. Browne: 


The career of Silliman runs like a golden thread connecting the 
old order of things with the new. He exercised a wider and more 
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STATUE OF SILLIMAN AT ENTRANCE TO STERLING 
CHEMISTRY LABORATORY 


The inscription reads: 
BENJAMIN SILLIMAN 
PROFESSOR OF NATURAL SCIENCE 
IN 
YALE COLLEGE 
FROM 1802 To 1853 


BORN auc. 8, 1779 
DIED Nov. 24, 1864 
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lasting influence upon the history of chemistry in America than 
any other teacher. He counted among his friends nearly all the 
great scientists of Europe and America. 


The following rhyme prepared by the writer for an 
evening exhibit in the Sterling Chemistry Laboratory 
may not be inappropriately introduced here: 


THE TRIBE OF BENJAMIN SILLIMAN 


Now let us try to picture that historic April morn, 

When, near the old Yale Campus, Yale’s Chemistry was born; 

For there our good Saint Benjamin, in eighteen hundred four, 

Proclaimed the budding sciences were worthy of the floor, 

When a liberal education was the business on hand; 

And soon that startling doctrine was growing in the land. 

We think of good Saint Benjamin as holding down the chair 

Of the science of Chemistry alone, but that is not quite fair, 

For Minerals and Geology were added to his field, 

As in fact were other sciences which Nature’s secrets yield. 

In the cellar of Lyceum was his laboratory found, 

For his colleagues thought experiments were best made under- 
ground, 

Where the devil and the black art might be called upon at will, 

For the mysteries of science oft induced a nervous chill. 

The work of our great founder was continued by his son, 

Who, with Porter, Norton, Johnson, scientific laurels won. 

And many others followed whose labors will abide, 

To their renowned achievements their offspring points with pride. 

A group of honored spirits who held the lamp of truth 

Aloft, to guide by kindly light the mind of earnest youth. 

May we, as they in spirit pass on the torch tonight, 

Receive it and employ it for the cause of Truth and Light. 





FLORIDA MEETING OF THE A. C. S. 


At least one full session of the Division of Chemical Education is planned in connection with the eighty-seventh meeting of the 
American Chemical Society to be held at St. Petersburg, Florida, during the week of March 25th. A detailed program 
will appear in the next number of the JouRNAL and in the News Edition of Industrial and Engineering Chemistry. 





A PHOTOBROMINATION 
EXPERIMENT 


WAYNE W. UMBREIT 


University of Wisconsin, Madison, Wisconsin 


By the simple application of the colorimeter to the 
measurement of bromine content, difficulties formerly 
experienced in attempting to teach photochemical re- 
actions may be eliminated. The reduction of costs thus 
effected will permit the smaller teaching laboratories to 
include photo-reactions as a subject of study. 


+~+ + +o + 


URING recent years there has been an increase 

in the demand for courses in physical chemistry 

among students in our smaller colleges and train- 
ing schools. Inasmuch as the permanency with which a 
course of this type is retained by the student depends 
considerably upon the adequacy of laboratory training, 
the increased demand has produced still greater strains 
upon the budget-stretching facilities. The author be- 
lieves that any attempt to reduce laboratory expense 
without the sacrifice of its spirit is a step toward the 
wider dissemination of scientific knowledge. A sug- 


gestion, which may be of use in that direction, is offered. 
Among the varied fields with which the student of 
physical chemistry should be acquainted is that of the 


photochemical reactions. They serve not only in their 
own right, but as a most excellent introduction to the 
theories of radiant energy and of molecular and atomic 
structure. Because of the expense ordinarily involved 
in their treatment, they are usually either restricted 
to the lecture-hour demonstration or neglected entirely 
as laboratory projects. The author does not believe 
that expense is any longer a handicap in their investi- 
gation and a method is herein outlined whereby an en- 
tire class may have first-hand information about photo- 
chemical reactions at no increase in expense to the 
department. 

The photobromination of cinnamic acid has re- 
ceived abundant attention in recent years and has, in 
addition, a thorough scientific grounding. It is an un- 
usually favorable reaction for elementary experimental 
study. The cinnamic acid, as well as the bromine, is 
sufficiently soluble in carbon tetrachloride to allow the 
reaction to proceed. The cinnamic acid is ordinarily 
included among those preparations made by the organic 
classes and with a little purification these “‘preps’’ may 
be used in student work without endangering the re- 
sults. The bromination proceeds with the addition of 
bromine to the double-bond of the cinnamic acid 
(CsH;CH : CH:‘COOH a Bre = C.H;CHBr-CHBr-- 
COOH) at a reasonably rapid rate. The rate of the 
dark reaction is such that it may be neglected 
for student determinations. The only real objection 


to the reaction is that it offers technical difficulties to 
the student limited by inadequate laboratory facilities. 
As usually conducted the solution of both cinnamic 
acid and bromine in carbon tetrachloride is placed in a 
large buret and exposed to the light for definite inter- 
vals, samples being withdrawn, run into potassium 
iodide solution, and the liberated iodine titrated with 
thiosulfate. Excellent results have been obtained with 
this method but its use in laboratory teaching is sub- 
ject to several limitations. In the first place few 
determinations can be made; the curve of the reaction 
can thus only be indicated in a very general way. The 
difficulty of the complete removal of the bromine (and 
the iodine) from the carbon tetrachloride, in the 
presence of which it must be titrated, serves more as an 
analytical problem and diverts the energies and mind 
of the student from the photochemical reaction to that 
of the analytical procedure. The withdrawal of 
samples disturbs the system and often with inex- 
perienced operators radically divergent results are ob- 
tained. Aside from wasting time and materials poor 
results often undo a considerable amount of teaching 
by creating a feeling of doubt or disappointment with 
the lecturer’s statements when the student finds that he 
cannot confirm them in the laboratory. But in ad- 
dition to these the greatest difficulty which detracts 
from the feasibility of the use of this method in student 
classes is that the expense associated with it is rela- 
tively great. Special burets are often necessary; 
some method must be devised for illuminating them 
evenly along their entire length; the quantities of 
bromine, potassium iodide, and carbon tetrachloride 
consumed are rather large; the process of analysis is 
complicated and often consumes the greater portion of 
the time allotted to the experiment; in short, the entire 
procedure is not easily adaptable to student workers. 

It is readily seen that the chief difficulty in the ap- 
plication of this photo-reaction to student investi- 
gation is the cumbersome method of analysis. The 
substitution of a more satisfactory analytical method 
would make the reaction easily applicable. During the 
course of a minor research the colorimetric method for 
the estimation of bromine content was investigated. It 
is believed that this will serve to eliminate most of the 
difficulties inherent in the former method and thus 
make it more widely available. A colorimeter is not 
an instrument of great cost, and a very simple one will 
suffice. If it is not independently available it may 
often be borrowed from the biological or bacteriological 
departments or may even be built in the laboratory at 
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small cost. It has been found as a result of much 
study that in dilute solutions the colorimetric is actually 
more accurate than the titration method. Since, in 
dilute solutions, the reaction follows more nearly the 
Einstein law of photochemical equivalence (besides 
using smaller quantities of expensive reagents), the 
method of color measurement seems particularly fitted 
for elementary student work. 

The extent of reaction at various depths in the liquid 
(since the light must enter from the bottom) differs 
slightly and a small error is introduced if the measure- 
ment is made by means of a fixed standard with a 
movable sample. However, if the sample is kept 
stationary and the standard moved the error in measure- 
ment can be entirely eliminated. A solution of bromine 
in carbon tetrachloride of a slightly lower concentration 
than the reacting solution is used for the color standard 
and is standardized by titration. Beer’s law may be 
applied and from it the concentration of the bromine 
calculated. 

Because of the deteriorating effects of the bromine 
upon the packing of the cells that ordinarily accompany 
the colorimeter, special cells made entirely of glass 
should be constructed. They are made simply from 
one-inch test-tubes, cut off at a depth to fit the colorim- 
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eter, and with a flat piece of glass sealed across the 
bottom. The glass may even be cemented on with 
silicate cement, which is unaffected by either the 
bromine or the carbon tetrachloride. Since the 
cells are rarely above 10 cc. in capacity, less than 
50 cc. of carbon tetrachloride is required per student, 
though larger quantities may be used to advantage 
if available. The light source may be a 60-watt frosted 
bulb placed not over six inches from the colorimeter 
reflector. It has been found more advantageous to use 
a ground-glass reflector, but a plain mirror will serve 
if the former is not available. In really accurate work 
corrections must be made for evaporation from cells and 
partial reflection, but these errors are ordinarily neg- 
lected by students without serious effect, although the 
calculation of the quantum efficiency is somewhat im- 
paired. 

It is now apparent that the application of the colo- 
rimeter to this photochemical reaction (and to many 
others which will be suggested by it) ought to make it 
possible for physical chemistry teachers in the smaller 
colleges to give to their students as close an experience 
with photochemical reactions as those in the larger 
laboratories where more funds are available. It is 
in this spirit that the suggestion is offered. 





PREPARATION of CRYSTALS of 


SPARINGLY SOLUBLE SALTS 


W. CONARD FERNELIUS anp KENNETH D. DETLING 
The Ohio State University, Columbus, Ohio 


Fair-sized crystals of many slightly soluble salts may 
be prepared in pure condition by the slow mixing of 
solutions of soluble salts supplying the requisite ions to 
generate the slightly soluble salt. This slow mixing is 
accomplished through the agency of diffusion. 


++ oe + + + 


OR a number of years Professor W. E. Henderson 
F has included in a course of Inorganic Preparations 
in This Department an experiment of unusual 
interest; 7. ¢., a method for obtaining sparingly soluble 
salts in well-crystallized condition.* As ordinarily 
prepared by mixing aqueous solutions containing the 
requisite ions these substances are in the form of fine 
precipitates. Crystals of these same substances, how- 
ever, will grow to much larger size provided the two 
solutions be brought together slowly enough. This slow 
mixing may be readily accomplished by utilizing the 
natural process of diffusion. The procedure as applied 
to barium thiosulfate, BaS.O3-H2O, is described below. 
The necessary apparatus includes a rather deep 
crystallizing dish of about 25 cm. diameter (or a large 
beaker—two-liter capacity or larger—or a battery jar) 


* Cf. JounsTON, J., J. Am. Chem. Soc., 36, 16-9 (1914). 


and two small crystallizing dishes (or beakers without 
lips) of about 75 cc. capacity. Fill one of the small 
dishes about three-fourths full with a saturated solution 
of sodium thiosulfate, adding some crystals of the 
solid salt. Similarly, add to the second dish a saturated 
solution and crystals of barium chloride or nitrate. 
Place the two dishes 5 to 10 cm. apart in the large dish 
and carefully fill them with water without stirring. 
By means of a piece of rubber tubing connected to a 
supply of distilled water, let water flow into the large 
vessel to a height of at least 4 cm. above the tops of the 
small dishes (see figure). Great care must be taken 
in this operation to prevent the premature mixing of the 
two reagents. Then pour a layer of melted paraffin 
over the surface of the water to prevent evaporation 
of the solvent and to protect the contents of the vessel 
from all disturbances that might produce convection 
currents. Now set the vessel away in a place where it 
can remain undisturbed: for several (2-6) weeks at 
as nearly constant temperature as possible. 

The crystals form very slowly as diffusion brings 
the reagents into contact. When a sufficient crop has 
been secured, carefully remove the paraffin, siphon off 
the solution as well as possible, and lift out the small 
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dishes with their contents. Collect the crystals and dry 
them on paper. Almost invariably sizable crystals of 
barium thiosulfate are obtained by this method. They 
form in rods or plates, the latter sometimes being as 
large as 16 X 8 X 0.25 mm. In general, the place 
where the crystals form will depend upon the relative 
rates of diffusion of the two ions concerned in the 
precipitation. Oftentimes, however, for lack of the 
necessary nuclei to start crystallization, crystals will 
make their first appearance at most unusual places 
such as the edges of the small dishes or wherever there 
may be a scratch on the glassware. When the rates 
of diffusion of the two reacting ions are very different 
the top of one of the small dishes is apt to become 
entirely crusted over with precipitated material. Con- 
sequently, it is desirable to have these dishes as large 
in diameter as possible. 

In order to test the adaptability of this method, 
numerous assignments were made to students regularly 
enrolled in the inorganic preparations course. The 
results of these experiments are recorded below. 

Calcium hydroxide (generated from CaCl, and NaOH) 
was obtained as well-formed semi-transparent hexagonal 
columns 8-15 mm. long and 1.5-2 mm. in diameter. 
On another occasion the crystals were larger and clearer. 
Variations in temperature interfere greatly in the growth 
of good crystals of calcium hydroxide. 

The interdiffusion of lead nitrate and sodium chloride 
gave a good crop of uniform, needle-shaped crystals, 
the larger ones measuring 10-18 X 2 X 1mm. There 
were many crystalline aggregates of larger size and 
also a marked development of good crystalline faces. 
Lead bromide was obtained similarly in the form of 
small white needles, the largest of which were 10 mm. 
long and slightly more than a millimeter in thickness. 
The more difficultly soluble lead iodide formed very 
thin golden plates as large as 5 mm. on a side. These 
plates were frequently matted together. 

The sulfates of the alkaline earth metals and of 
lead can be prepared in satisfactory crystalline form 
by the method of diffusion. Calcium sulfate pre- 
cipitated in the form of very fine needles 3-4 mm. in 
length. A very few small separate crystals of strontium 
sulfate [from Sr(NOs)2 and Na2SQ.] were formed, al- 
though there resulted many small crystal aggregates, 
2-3 mm. on a side. The interdiffusion of barium 
hydroxide and sodium sulfate resulted in the formation 
of several clear square plates 1.5 mm. thick and 5 mm. 
on a side as well as many about one-quarter this size. 
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In one experiment lead sulfate [from K»SO, and 
Pb(NOs)2] was obtained largely in the form of needles, 
many being 3-5 mm. long; while in another experiment 
[Na2SQ, and Pb(C:H;O2)2] plates 3 mm. on a side pre- 
dominated. 

Barium chromate formed a few needle crystals (3-5 
mm. long) but the majority of the product was a 
crystalline powder. The strontium and lead chromate 
products were peculiar fluffy masses containing many 
soft needle-like growths 3-5 mm. long. No crystals 
of calcium chromate formed, probably because this sub- 
stance is too soluble in water. 

The interdiffusion of ammonium oxalate and of 
barium chloride produced a large quantity of uniform 
needle crystals, many of which were 8-9 mm. in length. 
Very small crystals of strontium oxalate were obtained, 
while only a fine precipitate of calcium oxalate re- 
sulted. 

A splendid crop of yellow-green rod-shaped crystals 
(many 6 mm. long) of silver nitrite resulted from silver 
nitrate and sodium nitrite. The precipitate of thallous 
iodide was definitely crystalline although the individual 
crystals were very small. A small portion of a mer- 
curic sulfide preparation was in the form of small 
hexagonal tablets, about a cubic mm. in size. These 
could not be duplicated. 

Attempts to prepare mercurous chloride, silver io- 
dide, calcium silicate, calcium carbonate, cupric and 
zine sulfides, cupric hydroxide, and ferric ferrocyanide 
in crystalline form were unsuccessful. 

The diffusion crystallization method as described 
above is limited to those sparingly soluble salts which 
are not extensively hydrolyzed. If now the medium 
through which the diffusion takes place be treated in 
such a way as to overcome hydrolysis, the usefulness 
of this method of crystallization is greatly extended. 
Thus, in the preparation of crystalline magnesium 
ammonium phosphate and arsenate the soluble salts are 
permitted to diffuse through ammonium citrate or 
ammoniacal ammonium chloride solutions. The first 
of these compounds was obtained, on one occasion, in 
the form of crystal blades of such dimensions as 11 X 
3 X 2mm. and 17 X 3 X 1 mm. with larger crystal- 
line aggregates and, on another occasion, in the form 
of clear columns and plates (typical dimensions: 18 X 
2X 2mm., 17 X 5 X 3mm). The similar arsenic 
compound grew in the form of thin, narrow blades 
reaching a maximum length of 20 mm. In a dilute 
nitric acid diffusion medium, large, dark-green metallic 
plates of silver dichromate resulted from the inter- 
diffusion of silver nitrate and potassium dichromate. 
In one interesting case these plates formed a crude 
helix growing down into the dichromate dish. A 
situation somewhat similar to hydrolysis prevention is 
encountered in the case of manganous sulfite (from 
Na,SO; and MnCl). Here it is necessary to add sulfur 
dioxide to the diffusion medium (adding a little acetic 
acid to the sodium sulfite solution is sufficient) in order 
to prevent oxidation. 

When one attempts to correlate the success of the 
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diffusion method of crystallization with the solubility of 
the corresponding salts, one finds that the method is not 
successful when the salt under consideration is ex- 
tremely insoluble. The compilation of solubility product 


TABLE 1 
SOLUBILITY Propuct DaTa 


Crystal 
System 
Rhom. 
Rhom. 
Rhom. 
Rhom. 
Hex. 

Mono. 
Rhom. 
Hex. 

Rhom. 
Rhom. 
Mono. 


Solubility Product 
5 X 10-5 (calc.) 
2.5 XK 10-13 (25°) 
X 10-7 (calc.) 
.4 X 10-5 (25°) (calc.) 
.389 X 10-8 (25°) 
.1 X 10-5 (10°) 
.08 XK 10-10 (25°) 
.64 X 10-5 (20°) 
X 10-4 (20°) 
.2 X 10-5 (25°) (calc.) 
.10 X 1077 (18°) 
.06 X 10-8 (18°) 
.61 X 10718 (18°) 
.0 X 1077 (25°) 
.6 X 10-" (calc.) 
.60 X 10-8 (20°) 
.6 X 10-1 (18°) 
.5 X 10-5 (cale.) 
.81 X 107 (17.4°) 


Substance* 
BaS203;H:0 
MgNHisPO«6H20 
MnSO3°3H20 
PbCl: 

PbiIs 

CaSO«u2H:0 
BaSO. 

Ca(OH): 

AgNO: 

PbBr:z 
BaC2,04°2H:0 
PbSOx, 

SrC2O4 

AgeCr207 Tric. 
Hgl: Tet. 
Til Iso. 
BaCrO. Rhom. 
SrCrOu Mono. 
SrSO« Rhom., 


WK WHEN ae RK ATIN OF Oe ty wo 


SUBSTANCES OF WHICH No CrysSTALS WERE OBTAINED 


CaC204°-H20 2.57 X 10-9 (25°) 

HgS Hex. 2 X 10-* (18°) (21) 
Hg2Cls Tet. 2 X 10-18 (25°) (22) 
Agl Hex. 1.5 X 10-16 (25°) (23) 
CaCOs Hex. 0.87 X 10-8 (25°) (24) 
CaSiOs-xH:0 Hydrolyzes 


* Substances are arranged approximately in the order of the size of crystal 
obtained, the largest being first. 


data for the various substances mentioned above (Table 
1) will make clear the implication of this statement. 
Finally, it should be mentioned that substances pre- 
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pared by diffusion methods are likely to be much more 
pure than the same materials prepared by ordinary 
precipitation methods.* The larger, well-developed 
crystals prepared by the first method possess a much 
smaller relative surface than fine precipitates and con- 
sequently will absorb a much smaller amount of im- 
purities from the solution in which the crystals are 
formed. 


* Cf. JoHNSTON, J., loc. cit. 
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CHART ILLUSTRATING ORGANIC REACTIONS OF 
THE ALIPHATIC SERIES 


C. R. HAUSER 


Duke University, Durham, North Carolina 


VARIOUS charts have been published showing the in- 
terrelationships of organic compounds. The accom- 
panying chart illustrates in a single diagram a number 
of important reactions of the aliphatic series. The 
names of the compounds are not given but it is obvious 
that most of them are common substances with which 
the student should be familiar. The letter O means 
‘“‘oxidation,’”’ and H, “reduction.’”’ In the malonic 
ester and acetoacetic ester syntheses the letter R has 
been used to represent an alkyl group. The various 
acids and ketones that can be prepared by the latter 
synthesis can be determined by referring to the illus- 
trations of the two types of hydrolysis characteris- 


tic of acetoacetic ester and its numerous derivatives. 

Teachers of organic chemistry often use examination 
questions similar to the two that follow. - (1) Starting 
with methyl alcohol and inorganic reagents illustrate 
reactions by which ethyl alcohol can be prepared. 
(2) Pass from coke to aldol. Both of these ‘“‘trans- 
formations” are given in the accompanying chart. 
The latter is readily solved if it is known that aldol is 
made from acetaldehyde, and that this compound can 
be prepared from carbon through the intermediates, 
calcium carbide and acetylene. This illustrates a use 
of the chart which should be of especial value to a stu- 
dent for review purposes. 











PN + SH7Q009FHD ~™%%Y790-DHID= 


25HD ¥ ; 
ond W~H?20-244 2° SeH5 ont "9 0-2-9-2*HD ——> $1 *90-9- re QHD —=> £H790-9-)-2*HD 
6 NO 646 . Bi 


Marcu, 1934 





a> HOOD*HD- Ns 


7 ssh 
ON 1909*H 


D 








9° 2H 
HOH 


sit? 
79 sy5 


HOOD 
tyNz7HD 


SHN 


HOOD. 


19-72 


oe J*HD: 


> 


H 92 I*HD 


| 


HOH 
WOOd +z 


Reena a 


H°S Ww 





52. 








HOPHZD 


oO? 


Los " 


*(H"2002)HI°N — > (4H72 009) HOY 


x5Wo. 


a 


(vos 7H) 2 (Sy29002)7HD 
oo gail 

wooo” Ho 

“Rent 


HO. 


oMiy 94” 


(Horn), 


HO-D*199 
owl 


029*199 
Maoh 


6 wno ouwo 





HOOD) HOY 


7o2-|9 Pre 
Hoo>*Hy | SH* 


HOH 


sisfjouphy auojey 
NOMI 247110 

OH H O1H 
> rHIOISHD 








HD *HN, 
— pe) -fHD HN 


“HD 


ue? ‘SH XSNFHD \ 





i ae 








15wo-I*HD 
ro i 





IHN*C@H3) HO4 


1fu>{ 
HN “(*H9) 
wont 


HOH 


N*fHD) 
1*HD ) 

1 N*(fHD) 
nosy | 

HON (HD) 


ON-N“(£HD) 


saiuas dn 





Hz of mt 





7HNTHD*HS ———— 
PNOSH?D 


> sis 


O%(SH29) 


NDSHD 








_¢3iuas an 





HOD CHD) <y5q— 


tO2 


=>°*(FH9) 


sie: 


161922 CHD) 


[5wEH> ar HD 


HOH 
1H 


(4°95) 
“ae 


HO 
+93 


5 =r, 2 9fHD 


7ONH | A valfo 


<5 HOH SHI — 2 


N27HD‘HD =a 





*4*20\09 7H 109*HD 


Or 

sishjouphy pioy 
MPM, ‘2U05 

H}HO HiHO 





HOO)-095HD 


ND. 
HO- “9 *HD 


Rea 


HOH 


(HOPN) 
HOH 


Now 





*os*u|{Hon 
bH£0S07H DSHD 


* ost|hosty 
— 29 = 97H 


201-08) 
the 
HOsSHtD 





tg 





a} 


& 9 HSH Gay” 


‘ HOOD*HD*HD Flatt fae 
di 


HSSH"D py PNG SH™D 


SHOHI-JI= - 
0%, 
O= 


»- “4H 
Lt 


HOOI-HOHI5HD 
wont 


tag 





Peg 4D 
‘ x) U 
o72- HD 
ND*H D 


——__> | 


agzy5 NDZ ND27H 2, 


HOW DN 
19%45 HOH 


HO?HD 
HOZzMD 





ise) 


OPDLV 


HOH + 


H+O2 ~Syo5u0n 


IH 


—> IHD ="HD pq “THOSHD 


9)... 4419 ghee (SHO “FB 


ISH7D oO. 
“amr % 


(HOON, j 
HOH WO0D7HD 


HOO? 
(0) ~ Hoo 2D 


<H_ 
ap IHIESE "ID 2 











UNDERGRADUATE ORGANIC 
LABORATORY CHEMISTRY 


IIIB. Dwersification, Relative Importance, and Comparative Cost of Laboratory Experiments 


E. F. DEGERING, R. F. McCLEARY, ano A. R. PADGETT 


Purdue University, Lafayette, Indiana 


A classified list of experiments on laboratory operations, 
and on the preparations and reactions of common aromatic 
and heterocyclic compounds, is presented. Current 


++ + 


Laboratory operations A 


Determination of molecular weight by: 
a. Vapor density 
b. Elevation of the boiling pvint 
c. Depression of the freezing point 
By the camphor method 
Measurements of: 
a. Vapor pressure 
6. Surface tension 
c. Densities of liquids 
d. Viscometry 
Applications of: 
a. Spectrometry 
6. Refractometry 
Beck test 
c. Polarimetry 
d. Colorimetry 
Study of liquid mixtures: 
a. Minimum boiling mixture 
6. Maximum boiling mixture 
c. Partial miscibility 
Adsorption, determination of 
Equilibrium in organic liquids 
Solute in immiscible solvents 
Hydrolysis of methyl acetate 
Inversion of cane sugar 
Saponification of ethyl acetate 
Catalysis 
Photobromination of cinnamic acid 
Decomposition by use of ultra-violet 
Determination of a cooling curve 
b. Determination of a distillation curve 
Neutralization equivalent of an acid 


SSP RS Sh SA 


Preparations and reactions of aromatic and heterocyclic compounds 
Hydrocarbons and derivatives: 
a. Properties of aromatic hydrocarbons 


Properties of triphenylmethy] 
Benzene from benzoic acid 
Benzene from a diazonium salt 
Benzene from phenylhydrazine 
Purification of benzene 
Toluene from p-toluic acid 
Ethylbenzene from benzene 
Ethylbenzene from bromobenzene 
Diphenylmethane (Friedel-Craft) 
Diphenylmethane (Al-Hg catalyst) 
Triphenylmethy! 
Triphenylmethane 
. 1. 8-Bromostyrene 
2. Naphthalene picrate 
Anthracene picrate 
Nitro compounds and derivatives: 
a.1. Properties of nitrobenzene 
2. Properties of nitrosobenzene 
3. Properties of phenylhydroxylamine 
Salts of nitrosophenylhydroxylamine 
. 1. Nitrobenzene from benzene 
2. Metadinitrobenzene from benzene 
Metadinitrobenzene from nitrobenzene 
3. a-Nitronaphthalene from naphthalene 
4. Phenylnitromethane from CsHsC(: NO-ONa)CN 
5. Phenylnitroethylene from nitromethane 


manuals and journals were used in the compilation of the 
list. The estimated cost of each experiment, based on a 
group of one hundred students, is given. 


++ + 
F G 
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G 345-6 
N 169 
J 110 
N 1996 
W 144 
F 56 

A 33a 
F 36 

F 37 

N 172 
F 38 
N 188 
A 61 
L 40d 
J 166 


N 177 
G 171-3 
G 166-8 
G 168 
A 32a 
N 178 
W 149 
L 40e 

G 247 

G 151 


> 


- 
cs 
@ 
wo 
ns 
SSONKR RIE OD 


* IIIA of this series appeared in J. Cuem Epuc., 11, 46-50 (1934). 
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B. Preparations and reactions of aromatic and heterocyclic compounds (cont.) A F Cost Ref. 
c. 1. Nitrosobenzene from phenylhydroxylamine — wa re mer «Pea a $5.81 G 169 
Nitrosobenzene from aniline «“s ae xe vs ees ee 3.70 G170 
2. Azoxybenzene from nitrobenzene re AP ae Se oy, eta rr 4.56 J 101 
Azoxybenzene from phenylhydroxylamine re ee re “ee eye “% 20.41 G173 
3. Azobenzene from nitrobenzene ie ae re ee ‘a ake ow 10.08 J 102 
Azobenzene by dehydrogenation ee us es eae ° 62.51 G175 
Azobenzene by dismutation ee “e re «s fer Ph a 13.44 G175 
4. Phenylhydroxylamine from nitrobenzene Ae oe ‘ oe Pe ar we 8.14 G 165 
5. Hydrazobenzene from nitrobenzene Se 2 at Oe or 9.76 A 43a 
Hydrazobenzene from azoxybenzene os $8 es oe tas es 9.19 G180 
Hydrazobenzene from azobenzene << re ‘a re Cows mae J 103 
6. Benzidine from nitrobenzene re: a oe ar wae ae te 1. 85 F 45 
Benzidine from hydrazobenzene ne e coe A 436 
Benzidine sulfate from benzidine se ae ‘és een tee bee ee F 45 
Amino compounds and derivatives: 
a.1. Properties of aromatic amines ae ae , N 190-3 


2. Properties of acetanilide es oa aa np ee Ske es ; J 108 
3. Properties of benzenediazonium salts oT aa a Bae ae a F J 113 
4. Properties of phenylhydrazine aa “< me a ea eked rT ; G 287-9 
5. Properties of tetraphenylhydrazine ie ae we ae sin ee “ : G 348 
6. Properties of -aminodimethylaniline <i Pe wn ‘gel eure o4 G 309-11 
b. 1. Aniline from nitrobenzene (Sn /HCl) we F 42(1) 
Aniline from nitrobenzene (Fe /HCl) ee .. ee “ees es : F 42(2) 
c. 1, Aniline hydrochloride from aniline — os is ce es ‘ J 106 
2. Acetanilide from aniline es ua ee A 37 
Benzanilide (Beckmann rearrangement) oe Ke oe és N 220 
Benzanilide from benzoic acid és oe Pe wa oa s es ‘ N 208 
8. Benzenediazonium salts from aniline (soln.) Pe = ee Gee ae i J 112 
Benzeuediazonium chloride (solid) from aniline “a ny és ga we core 3 G 273 
Benzenediazonium nitrate from aniline nitrate ae oe Pa mr pe Ss : G 274 
4. Phenyldiazonium perbromide from phenyldiazonium chlo- 
ride ve é< oe as eae es ‘ G 275 
5. Phenylhydrazine from aniline ne es W 163 
Tetraphenylhydrazine from diphenylamine a re +e ee Paar ae ; G 347 
6. Thiocarbanilid from aniline (alkali) es es a we Wer xe s W 160 
Thiocarbanilid from aniline (S catalyst) ua ae wa ee «es eames W 159 
7. Anilinoquinone from quinone rir oa ee <a ee ee ne G 302 
8. Triphenylguanidine from thiocarbanilid ais we PP me Panes } W 161 
9. Phenylisothiocyanate from thiocarbanilid we ea ae $s cere es ; W 161 
10. Diazoaminobenzene from aniline <s Pa we W 164 
11. Aminoazobenzene from diazoaminobenzene Par ie ; aP W 165 
12. Silver salt of diazoaminobenzene ‘ia ee Pe re Pe ees ‘ W 164 
13. -Aminodimethylaniline from nitrosodimethylaniline-HCl ee aa a ay a ‘ we 34. G 308 
p-Aminodimethylaniline from methyl! orange wi Pe ws oa a ee «a ‘ M 53 
14. Phenyl azide from phenyldiazonium perbromide we es cS Ae ae Wes « F G 275 
Halogen compounds and derivatives: 
a.1, Properties of aromatic halides me ae “ ns “e : N 186 
2. Properties of triphenylchloromethane * + ae ar “r ee = . N 187 
b. 1. Chlorobenzene from aniline (Sandmeyer) re a ae is wakes F W 162 
Chlorobenzene from aniline (Gattermann) =e es Fae pa war ae oe ; L 37f 
Bromob from b ee =a ae ‘ A 30 
p-Dibromob from b “ aa at od : N 185 
Iodobenzene from aniline ss ea a ea ee ‘ N 195 
Benzy! chloride from toluene ia Pe oe ey ee oye «% y G 87 
a-Bromonaphthalene from naphthalene Ke *s re a4 genes L 40f 
Phenyliodochloride from iodobenzene uve oy we ane em PSs ro G 279 
Iodosobenzene from phenyliodochloride ce cee us ee ey a . G 279 
Iodoxybenzene from iodosobenzene va ee as ~e ss Mae o ‘ G 280 
Diphenyliodonium iodide from phenyliodochloride ee ‘<< es “ jal “ae vs . G 279 
Triphenylchloromethane from benzene ms as h a Pe “Ee rv : N 187 
droxy compounds and derivatives: ; 
Reactions of aromatic alcohols va — d W 169-74 








H 


rae k eye oe oN 


Properties of thiophenols Pe ae — aa “ Sones we e G 192-3 
Phenol from aniline ie oa ? W 168 
Phenol from salts of benzenesulfonic acid es af ae ‘ L 38 
Hydroquinone from quinone ‘in Py oe sees es J 141b 
8-Naphthol from sodium §-naphthalenesulfonate i <3 a ee o< : L 40h 
Benzyl alcohol from benzaldehyde (Cannizzaro reaction) ee “ : W 176 
Methylphenylearbinol from acetophenone ry’ ee Pa Ps ee ae .42 F48 
Diphenylcarbinol from benzaldehyde ra ag #* Pe war Hee a , G 328 
Diphenylcarbinol from benzophenone es “a és “és ea on ee , N 202 
Diphenylethylcarbinol from benzophenone es ae 4 es ee 4 oe ; N 203 
Triphenylcarbinol (Grignard) “a ‘i oa ée A 52 
Anisol from phenol a se rr F 51 
8-Naphtholmethylether from 8-naphthol ae “a a wes ee “s J 164 
Phenyl! benzoate from phenol “ aa - ae) 84 , W 170b 
Sodium phenolate from phenol ae <a és r dames é ; L 38d 
Pheny] acetate from phenol ee a ie as aS ae we .52, L 38 
Hydroquinone diacetate from hydroquinone as ee ns Be a Gs ae : J 141b 
Thiophenol from benzene sulfochloride as a 191 és Pe ja ink TT 2. G 191 
Carbonyl! compounds and derivatives: 

a. Properties of aldehydes and ketones oie 202-212 39 a : L39 


pt bo 


$F > G9 bo 


b. 1. Benzaldehyde from benzylidene chloride ee ne 200 és i oe aes et . G 200 

2. Acetophenone (Grignard) ou wa 329 es <a RAnwe'e x , G 329 
Acetophenone (Friedel-Craft) Ar 336 * es neers os #i. G 336 
Benzophenone from diphenylmethane oe cn a sa =" soi “a ' N 173 
Benzophenone (Friedel-Craft) “a ae 334 os ae y N 218 
Quinone from aniline cs es 300 is ee py J W 187 
Dibenzylidene acetone from benzaldehyde ee Pe ey 2 es Fonda y ae J 29 
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B. Preparations and reactions of aromatic and heterocyclic compounds (cont.) A J ZL MN Ww Cost Ref. 
6. oe 40k .. 223 = $9.64 N 223 


Anthraquinone from anthracene 

Anthraquinone from o-benzoylbenzoic acid a ay os “ as 224 ee 4.57 N 224 

1-Menthone from 1-menthol ae ss oe ~ Serine ie 7 F21A 
h 219 98 : J 139 


1-Menthoneoxime is a av oe ee ee . F21B 
J 32 


Acetone phenylhydrazone 
Acetone p-nitrophenylhydrazone J 33 
Benzaldehyde phenylhydrazone W 175d 
Benzophenone phenylhydrazone J 140 
Benzalacetophenone from benzaldehyde A 46 
Quinhydrone from quinone W 188) 
Phenylsemicarbazide from phenylhydrazine N 199¢ 
Hydrobenzamide from benzaldehyde 
and derivatives: 
Resolution of mandelic acid 
Benzoic acid (Cannizzaro) 
Benzoic acid from benzaldehyde 
Benzoic acid from benzyl chloride 
Benzoic acid from toluene 
Phenylacetic acid from benzyl cyanide 
Diphenylacetic acid from benzilic acid 
Mandelic acid from benzaldehyde 
Cinnamic acid (Perkin) 
Hydrocinnamic acid from cinnamic 
Hippuric acid (bio-synthesis) 
Hippuric acid (Schotten-Baumann) 
Terephthalic acid from p-toluic acid 
Benzoy! chloride from benzoic acid 
Benzoyl peroxide from benzoyl chloride 
Benzamide from benzoyl] chloride 
Benzonitrile from benzenediazonium chloride 
Benzoic anhydride from benzoic acid 
Ethyl benzoate from benzoic acid 
Glycol benzoate from benzoyl chloride 
Glycerol benzoate from benzoy] chloride 
Benzyl cyanide from benzyl] chloride 
Phenylacetamide from benzy! cyanide = oe 
Sodium benzenesulfonate from benzene 31a 40 
Potassium benzenesulfonate from benzene “+ oe 
Diphenylsulfone from benzene 
10. Benzenesulfonyl chloride from sodium benzenesulfonate 
1l. B Ifonamide from benzenesulfonyl! chloride 
12. Sodium f-naphthalenesulfonate from naphthalene 
8-Naphthalenesulfonic acid from naphthalene 
13. Benzenesulfohydroxamic acid from hydroxylamine hydro- 
chloride 
14. Aci-phenylnitroacetonitrile sodium 
8. Compounds containing unlike groups: 
a.1. o-Chlorotoluene (Sandmeyer) 40 
p-Chlorotoluene (Sandmeyer) “+ 
m-Bromotoluene (Sandmeyer) 42 
o-Acetotoluide from o-toluidine “+ 
p-Acetotoluide from p-toluidine 42 
Properties of o-acetotoluide .: 
m-Bromo-p-acetotoluide from p-acetotoluide 42 
3-Bromo-4-aminotoluene-HCI from m-bromo-p-acetotoluide 42 
3-Bromo-4-aminotoluene from 3-bromo-4-aminotoluene-HCl 42 
p-Tolylaldehyde (Gattermann-Koch) oe 
p-Tolunitrile from p-toluidine 
p-Toluic acid from p-tolunitrile 
p-Toluenesulfonic acid from toluene 
m-Dinitrotoluene from toluene 
Dimethylterephthalate from -toluic acid 
m-Nitroaniline from m-dinitrobenzene 
p-Nitroacetanilid from acetanilid 
p-Nitroaniline from p-nitroacetanilid 
Sodium p-nitrophenyl-antidiazotate from p-nitroaniline 
p-Bromonitrobenzene from bromobenzene 
o- and ~-Nitrophenols from phenol 
Picric acid from phenol 
m-Nitrobenzaldehyde from benzaldehyde 
p-Nitrobenzoic acid from p-nitrotoluene 
p-Nitrosodimethy] aniline from dimethylaniline 
Nitrosophenylhydroxylamine from phenylhydroxylamine 
p-Nitrosophenol from -nitrosodimethylaniline 
Dinitrosoresorcinol from resorcinol 
Methy!] 3-5-dinitrobenzoate 
p-Bromoacetanilid from acetanilid 
p-Bromoaniline from p-bromoacetanilid 
p-Aminophenol from phenylhydroxylamine 
p-Aminoph tol from ph tin 
Acetanthranilic acid from o-acetotoluide 
Sulfanilic acid from aniline 
Tribromophenol from phenol 
1-Monobromo-§-naphthol from £-naphthol 
m-Chlorobenzaldehyde from m-nitrobenzaldehyde 
m-Chloro-a-benzaldoxime from m-chlorobenzaldehyde 
m-Chloro-8-benzaldoxime from m-chlorobenzaldehyde 
Sodium /-bromobenzenesulfonate from bromobenzene 
Trans-1-8-dichloroterpane from d-limonene 
Salicylaldehyde (Reimer-Tiemann) 
Reactions of salicylaldehyde 
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B. Preparations and reactions of aromatic and heterocyclic compounds (cont.) A F Ww Cost Ref. 
2. Salicylic acid from oil of wintergreen ‘ ae ei W 184 
Salicylic acid (Kolbe’s synthesis) G 240 
Properties of salicylic acid N 231 
Methy!] salicylate from salicylic acid F 58 
Aspirin from salicylic acid W 185d 
Phenolsulfonic acid from phenol L 38f 
2,4-Dihydroxyacetophenone from resorcinol G 339 
p-Phenetol urea from p-aminophenetol J 133 
Eugenol from cloves, properties N 226 
o-Benzoyl! benzoic acid from CsHsC20s N 216 
Butyl hydrogen phthalate from CeHsC203 N 213 
p-Nitrophenylarsenic acid from p-nitroaniline G 283 
Arsanilic acid from p-nitroaniline G 283 
Properties of tannic acid N 232 
Derivatives of diphenylmethane: 
a. Tetramethyl-p-diaminodiphenylmethane 
6. Benzoin from benzaldehyde 
c. Benzil from benzoin 
d, 


Benzilic acid from benzil 
R 31a, 


SRO Nim $0 


J 149 
W 178 
W 179 
A 48a 


acid Trearra A 48b 
e. Properties of benzoin. and benzil G 214-8 
Pinene derivatives: 
a. Pinene-HCl from pinene oe ee ee ee ce ee os : F 63 
b. Camphene from pinene-HCl ee ee <s J4 ete oe : F 64 
c. Isobornyl acetate from camphene F 65 
d. Isoborneol from isoborny! acetate “ eye e waa af . F 66 
e. Camphor from isoborneol F : ° oie Se h F 67 
Sodium 6-chloro-5-nitro-m-toluene-sulfonate [J. A. C. S., 49, 
298 (1927) ] 
a. o-Toluidine-m-sulfonic acid [J. A. C. S., 49, 298 (1927) ] 
(1/o amounts) 
b. 6-Chloro-m-toluenesulfonic acid [J. Chem. Soc., 121, 785 
(1922) ] 
c. 6-Chloro-m-toluenesulfonyl chloride [J. A. C. S., 49, 298 
(1927) ] 
d, 6-Chloro-5-nitro-m-toluenesulfonyl chloride [J. Chem. Soc., 
121, 785 (1922) ] 
e. Sodium-6-chloro-5-nitro-m-toluenesulfonate [J. Chem. Soc., 
121, 785 (1922)] 
Dyes: 
a. Nitro dyes, naphthol yellow S ee ve ae oe eo ee ; W 192 
Martius yellow wa és a 3 aT ae re , J 163¢ 
b. 1. Azo dyes, methyl orange aa ; A 41 
8-Naphthol yellow (orange II) oe es sy a eas <a F G 293 

2. Disazo dyes, benzo blue 2B es “e an ae wae Gen ° : J 118 
Congo red aa 6 <a <a Pre ea : G 292 
Bismark brown (test for nitrites) és ee ae a ms a ; J 116 

3. Trisazo dyes a ran or re Tee “6 f J 119 

c. Pyrazolone dyes, pyrazol blue re as re a oa Pas a , J 168 
d. Triphenylmethane dyes: 

1. Leuco base of malachite green by ZnCle «e «<6 3 : M 60 
Malachite green from the leuco base oe ae ’ M 60 
Leuco base of malachite green by HCl we ee aa ae a ae Bs : M 61 
Malachite green from the leuco base Pee are we ae ae oi “a M 61 
Parafuchsine (pararosaniline-HC1) J 154 
Pararosaniline (color base) J 154b 
Paraleucaniline (leuco base) J 154¢ 

3. Crystal violet F 47 

4. Rosolic acid J 155 

e. Hydroxy-phthaleins, phenolphthalein W 19326 

f. Xanthenes, fluorescein A 59a 
Fluorescein diacetate A 59a 
Eosin A 596 
Ammonium salt of eosin A 59b 
Sodium salt of eosin A 59b 
Thiazole dyes, primuline N 237 
Azine dyes, mauve J 125 
Aniline black dyes, aniline black L 36g 
Thiazine dyes, methylene blue J 124 
Anthraquinone dyes, alizarin G 325 
Quinizarin from quinol G 340 
Rufigallic acid J 1476 

. Indamine dyes, toluylene blue J 123 

m,. Indigoid dyes, indigo J 170 
Properties of indigo J 169 

n. Indoanilines J 122 

Experiments in dying with: 

a. Acid dyes, alizarin 
Picric acid 

b. Basic dyes 
Malachite green 

c. Direct dying, Congo red 
Primuline 
Mordant dyeing 
Resorcin green 

e. Precipitation dyeing, chrome yellow 

f. Vat dyeing, indigo 

g. Ingrain dyeing 

h. Printing 

Miscellaneous: 

a ‘ N 241 





Total 

J. A.C. S. 
J. Chem. Soc. 
JAC. S. 
J. Chem. Soc. 
J. Chem. Soc. 


a 
AROCOASKLWNANHOOHRINE 


= 


J 161b 
J 1616 
J 16le 
W 194 
J 159a 
J 1596 
W 195 
J 161d 
J 1584 
J 1585 
J 160a 
J 1606 
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bo 


Thiophene from sodium succinate oe" oe = “ee Ss <a <a 2 
Furoin from furfural ied es oa ai aa ae . W 202 
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B. Preparations and reactions of aromatic and heterocyclic compounds (cont.) A 
Pyrrole from ammonium mucate ae: 
. Methylphenylpyrazolone 

c. Properties of pyridine 
a-Aminopyridine 
Quinoline (Skraup’s synthesis) 
Quinaldine (Doebner and Miller) 

d. Benzhydrazide from ethyl benzoate 
Benzoylazide from benzhydrazide 
Pheny! cyanate from benzoylazide 
Phenylurethane from phenyl cyanate 
Ethyl] dihydrocollidinedicarboxylate 
Ethyl collidinedicarboxylate 
Potassium collidinedicarboxylate 
Collidine 

f. Colloids 

Coupling reaction 
Hydrol 
Indole (Fischer’s synthesis) 
Hydrolysis of the salts of nitroanilines 
Isoprene and rubber 
Nickel salt of dimethylglyoxime 
Resins 
. Saponified cresol solution for disinfection 
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F G J L MN Ww Cost Ref. 
oe 383 a 5 ae bate - $4.63 G 383 
ia *% 168 Ci. nw sONias 203 8.77 W 203 
62A oie 171 = 43 -. 248 204 3.93 N 243 
i 356 oi as 6.3. / Gare os 48.86 G 356 
62B 357 172 «43 68 244 205 20.36 A 62 
ne 358 a6 ss sieepaen is 21.54 G358 

143 oe one see? WSs ae 90.27 G143 

144 a: <- Sep oh oe 93.83 G 144 

144 es a vaio ie 83.21 G144 

145 a s cera ato ve 13.68 G 145 

352 “ee 0 Soars és 12.00 G 352 

352 as es puters a 17.12 G 352 

353 a af A o* 25.17 G 353 

353 a ss Re ot, 4 27.80 G353 

Ag 95-6 .. eo) ars ate 13.47 J 95-6 

293 MS BWR ne ce be 1.04 L 37jk 

As 149 Ages 0.30 J 149 

289 a SE 3.38 G 289 

oi oe ee oe -. 230 oe 1.86 N 230 
68 or oe ss sae Mars Pe ? F68 
62 =. ol keote Ss 0.47 J 62 

te 171 0.57 W171 

S6e 1. ce 9 32.94 L 38n 


This and the preceding article comprise an outline of the experiments in organic chemistry that are offered in eight of the current laboratory manuals 
together with the calculated cost of each experiment (based upon a group of one hundred students) as given by the manualindicated. The references denote 
the experiment numbers in the given manuals except those to Gattermann, Daniels, and Chamot, where page numbers are indicated. It is hoped that 
this tabulation will prove of value to instructors of organic laboratory chemistry from the standpoint of both the diversification of the laboratory course and 


the economical administration of the course. 





A brief discussion of some of the factors to be considered 
in planning a diversified course with respect to both relative 
importance and comparative costs of the experiments. 


+++ eo + 


N THE two previous articles of this series, there 
I has appeared a tabulated list of organic labora- 
tory experiments in which the comparative cost 
of each experiment, based upon a group of one hundred 
students, was given. Although the list is quite com- 
prehensive and may even appear somewhat unwieldy, 
it becomes readily workable by the use of a card index 
system in which each experiment is completely de- 
scribed with respect to title, reference for the procedure, 
kinds and amounts of chemicals required, and the cost 
of performing the experiment. Doubtless this is best 
illustrated by depicting a sample card: 


ETHYLBENZENE FROM BROMOBENZENE BY THE FITTIG REACTION— 


FISHER 36 
errr rem: oy) le 3.51. $ 0.51 
Bromobenzene, tech.............0++-00. 3.00 /1. 2.01. 6.00 
MIU < 0:6 sii'0:6 0 :0:6:0:0:06-05.00%0 0.85 /l. 9.01. 7.65 
Bthyl trounide, tach......cceccccseccces 3.23 /l. 2.01. 6.46 
NSS ole cs wash swan haan ee4e 1.45 /kg. 1.2 kg. 1.74 
TES ere es Pee 0.51 /1. 3.0 1.53 

Cost of the experiment per 100 students...................... $23.89 


These cards may be filed according to the classifica- 
tion of the product formed in the experiment, according 
to the type of the procedure involved, or according to 
the instructor’s own preference. But in any case sucha 
card index of experiments makes readily available a 
list of the essential chemicals as well as the approximate 
cost of the performance of any one of the given experi- 


IIIC. Dwersification, Relative Importance, and Comparative Cost of the Course 
E. F. DEGERING 


Purdue University, Lafayette, Indiana 











ments. With such a file available, the instructor can 


_turn through his cards and make his selection of ex- 


periments on an intelligent basis, giving due considera- 
tion to both the type and the cost of the procedure. 
Having made his selection of experiments, the list of 
required chemicals is readily obtained from the cards. 
Especially during the past few years it has become more 
and more imperative that the instructors provide the 
purchasing agents of their institutions with the re- 
quired list of chemicals for the ensuing year, and such a 
requirement is readily satisfied by reference to a card 
index system of experiments of this type. 

Another question concerning laboratory courses that 
deserves some consideration pertains to the amounts 
of required chemicals. It doubtless goes without say- 
ing that most students prefer to work with rather 
large amounts of materials and thus obtain what 
they regard as a comparatively large yield. And 
likewise, unfortunately, most laboratory manuals call 
for much larger amounts of the raw materials than 
can be justified from the standpoint of giving the 
student the proper and adequate training in laboratory 
technic. The author is inclined to believe that small 
amounts of working materials give the students a 
discipline in laboratory procedures that is much in keep- 
ing with the present trend toward the extensive and 
almost universal use of micro operations. In an age 
when an excellent Ph.D. thesis can be worked out with 
only 180 mg. of the basic material, as has been done 
recently, it seems that the time has arrived for in- 
structors to assume the attitude that it is a part of their 
duty to train their students to work with relatively 
small amounts of materials. And especially is this 
economy of materials imperative in face of the present 
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economic difficulties that confront our universities and 
educational institutions. However, it should be borne 
in mind that the costs of experiments given in the 
preceding outlines have been based upon the amounts 
of chemicals indicated in the experiments selected. In 
many cases one-half or less of the amounts of chemicals 
indicated in the experiments included in the outline, 
serve as a satisfactory working base for laboratory 
procedures. 

Closely allied to the use of small amounts of the 
raw materials is the pertinent question relative to the 
grade of the chemicals that should be used in laboratory 
instructional work. Among the author’s own ac- 
quaintances are instructors who insist upon c.P. chemi- 
cals for all of their experiments in both freshmen and 
upperclass courses. Doubtless a superior degree of 
excellence of work can be attained by the use of the 
very best of chemicals, but is it not also probable that 
this superior degree of excellence of work is attained 
at the expense of a superior degree of technic that might 
be attained with commercial or technical grades of 
chemicals? While there may be some worthy con- 
tentions for the use of the best grades of chemicals in 
ordinary laboratory procedures, when one realizes that 
the freshmen of today will be the chemists of tomorrow 
and that the chemical industry of both today and to- 
morrow uses and will certainly continue to use prac- 
tically nothing but technical chemicals, it seems that 
the arguments for the best grades of chemicals in an 
organic laboratory course are, for the most part, without 
ample justification. 

Another means of decreasing the cost of the labora- 
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tory course lies in the use, wherever possible, of a series 
of continuous experiments. Such a practice also tends 
to prevent the accumulation of large amounts of end- 
products around the laboratory, and, for the most part, 
students take a greater interest in a series of experiments 
than they do in single isolated procedures. Equally 
as important from the standpoint of both the cost of 
performance of the experiments and the inherent 
interest of the students in their work, is the perform- 
ance of experiments that result in the production of 
useful products. Under such circumstances, the stu- 
dents feel that they are actually accomplishing some- 
thing in the way of chemical production. From both 
a theoretical and an economical point of view, a labora- 
tory course should always be conducted so as to produce 
usable products, but practically such a procedure seems 
quite out of the question at the present. However, it is 
frequently possible to assign advanced classes to the 
preparation of such materials as may be useful in other 
course work. 

For the purpose of securing additional diversification 
and creating new interest, still another alternative is’ 
available. Toward the end of the course as the 
student’s appreciation of chemical operations has de- 
veloped somewhat, it is even desirable to let the student 
select and work a few experiments according to his 
own liking, provided, of course, he confines his selection 
to experiments that do not call for unusual or expensive 
chemicals. At such times the students may even be 
permitted to make small amounts of laboratory prepara- 
tions for their own use, such as shaving creams, tooth 
pastes, or other useful products. 





SAFETY BULB FOR PIPETS 
THOS. S. GARDNER 


State Teachers’ College, Johnson City, Tennessee 


MANY ACCIDENTS occur in the labora- 
tory through the use of pipets, and practically 
all of these could be avoided. Most pipets 
require concentrated attention and a momen- 
tary lapse at a critical point invites disaster. 
Nearly all accidents are due to two main 
causes. First, too much liquid is drawn up 
into the pipet at too great a rate; the liquid 
rises too high in the tube and enters the mouth. 
This is especially true if the pipet has been 
re-calibrated to deliver more than it ordinarily 
would. A second cause is inadvertently rais- 
ing the tip of the pipet above the level of 
the liquid, causing bubbles to be drawn into 
the mouth. The technic of using a pipet.comes only 
by long experience and even the best technician some- 
times slips. 





A small three- to five-milliliter bulb blown in 
the glass stem about two centimeters above the 
graduation mark will prevent both types of ac- 
cidents. This safety trap would collect excess 
liquid which might otherwise be forced into 
the mouth. The manufacturers should make 
pipets of the type illustrated in A. 

A detachable safety bulb can easily be made 
to fit any pipet. All that is needed is a small 
rubber tube and a glass bulb. The over-sized 
dropper used in starch bottles is excellent. 
The bulb can be quickly fastened to any pipet 
and used without difficulty even by the unini- 
tiated. (See B.) 

It should always be used in pipeting strong acids 
and alkalies. The removable bulb is also a sanitary 
feature and prevents the spread of disease. 











MATHEMATICAL PROBLEM PAGE 


Directed by PAUL C. CROSS 


Gates Chemical Laboratory, California Institute of Technology, Pasadena, California 


PROBLEMS 61-65 


HE FOLLOWING problems are intended to 

ii le illustrate some principles of the application of 

the method of least squares to the derivation of 

most probable values, a, and the probable errors of these 

values, r, from a set of observed values. The probable 

error is defined as the numerical magnitude which 
the irue error is as likely to exceed as not.* 

Only the cases y = ad and y = a; + ax will be 
treated. If p is the weight of a given observation, 
n the number of observations, and v the residual, 7. e., 
the difference between the observed value of y and the 
value calculated from the values of dao or a; and d»2 as 
defined below, then, 


_ (py) 
(2p) 
_ (py) (Zpx*) — (Zpx)(Zpxy) 
D 


ao 





— (Zpx)(Zpy) 
D 


(2 pv") "/s 


_ (2p)(Zpxy) 





ro = 0.6745 eo 


ci] /2 
(n—2) D 


(Zpv*)(Zp)]*/2, 
(n—2) D 


= (2p)(Zpx*) — (Zpx)*. 


rm = 0.6745 [See 


ro = 0.6745 [ 
where D 


Solutions of these problems will be given in the 
April issue. 
61. Let the following values of the quantum yield in 
the photodecomposition of acetone all have equal 
weights. 


65. 


64. 


(a) What is the most probable value of the 
quantum yield? 
(b) What is the probable error for this value? 


Suppose a series of determinations of the atomic 
weight of arsenic gave the following results: 


is p py 
74.919 3 224.757 
74.897 4  1048.558 
74.899 8 599.192 
74.924 5 374.620 
74.900 6 449.400 
74.905 6 449.430 
74.912 6 449.472 
74.917 6 449.502 


(a) What is the most probable value of the 


atomic weight? 
(b) What is the probable error? 


Given the following data on the value of K at 
45°C. for the reaction 


N20, => 2NO, 
as a function of the initial concentration C: 


K CG CK 
0.677 39.7 4.265 
0.610 134.6 7.076 
0.623 201.6 8.847 
0.607 299.3 10.501 
0.557 466.6 12.031 
0.593 882.1 17.612 
What are the most probable values of a; and de 


in the equation 4 
K=a+aC? 

Find the probable errors in the values of a; and 

dz in problem 63. 

Show that the arithmetical mean a9 = Zpy/Zp 

of a series of values of y satisfies the condition 

that the sum of the squares of the residuals is a 

minimum. 


SOLUTIONS OF PROBLEMS 56-60 
[J. Cuem. Epuc., 11, 124 (1933) ] 


56. It is convenient to make the substitution x = p/p» and ex- 
pand in the neighborhood of x = 1. Taylor’s series is: 


F(x) = f(a) + f'@ (« — a)/1! + f"@) & — a)*/21 + 


* The true value of the quantity in this sense refers to the 
value derived from an infinite number of observations, 7. e., no 
account is taken of systematic errors. The conditions for apply- 
ing the least squares method improve as 7 is increased and as the 
distribution of observed values becomes more nearly normal. 
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f'"(a) (x — a)3/3!..... 
Inl = 0. 
dinx 


dx 
@inx d ( 
dx? 


— 1 ” =_l io 
=z — = f"() = 1’ 
@inx ay =3\'.. 2,5 

ee ela) pO 4 
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Thus 
nz = 
Inx = 


(« — 1) — (x — 1)2/2! + 2(x — 1)3/3! 
~(1 ~ 2) ~ @ — x)°/2 ~ (1 ~ 2)°/8 
Substituting in the original equation and remembering that 
x = p/po gives 

- RT [m—-? (A) 5(2—? , ] 
sited Po +3 Po *y Po Jon 


i ee de _ ad, 
"75 * 9" = 2.303 m T° 


din mm 


Bf - (rma) 


1 
s = 2.303 mo. mt [ m one 


2.303 ES - (=")] 
One Ne 


5/2.303 = i — ¢. 


s 


0.228-238 
206 
the uranium remaining. 


= 0.2634 = ratio of the uranium decomposed to 
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1/1.2634 = 0.7915 = ,/no = fraction of uranium remaining. 
2.303 log (m:/no) = —HX. 


t = —2.303 log 0.7915/(1.47-10-") = 0.159-101° 
= 1,590,000,000 years. 

dy/dx = —a sin ax, 

@ cos ax, 

tae, 

—tae—*, respectively. 

—a’? cosax = —a*y, 

—a’? sin ax = —a’*y, 

Parez = —q*y, (12? = —1), 

—a*y, respectively. 


59. 


d*y/dx? 


uu dud 


= 42a2e~taz = 


each of the functions satisfies the equation 


d2 
wat a*y = 0. 


For sin ax to be zero, ax must be zero or an integral multiple of 
mw. Thusal = nz, n = 0,1,2,.... etc. The values of a = 
nr/l, n = 0,1,2 ... are known as eigenwerte and the corre- 
sponding values of y = sin (mxx/l),m = 0,1,2 ... are known 
as eigenfunktions. 





VARIABLE CARBON RESISTANCE 


A. G. FRUEHAN ann C. L. MEHL 
Miami University, Oxford, Ohio 


HE CARBON resistance described was assembled 
from junk parts found around the laboratory and 
was originally devised for use with a hot-wire 
glass-cutter on a 110-volt circuit. The current re- 
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quired was about 12 amperes. Since various forms of 
hot-wire glass-cutters have been previously described, 
no discussion of this instrument is included here. 

A part of an old porcelain combustion tube, one inch 
in external diameter, was cut to the desired length on a 
carborundum wheel and nearly filled with small pieces 
of graphite. The graphite was obtained from old dry- 
cell electrodes crushed in an iron mortar. Brass plugs 
were fitted loosely into the ends of the tube. Variation 
of resistance was secured by adjusting the screws, A, 


which were mounted on a wooden support. The 
screws, mountings, and milled heads were obtained 
from the legs of an old analytical balance. The milled 
heads were insulated with rubber. Since the resistance 
developed considerable heat it was mounted far enough 
from the support to prevent charring. When the 
resistance was used intermittently in series with the 
wire on the glass-cutter the heat was not excessive. 





RESISTANCE MOUNTED ON GLAss CUTTER 
Top View 


A resistance to suit specific needs may be constructed, 
of course, by using a tube of proper length. 
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KEEPING UP WITH CHEMISTRY 


Names for the hydrogen isotopes. H.C. Urey, F.G. Brick- 
WEDDE, G. M. Murpny. Science 78, 602-3 (Dec. 29, 1933).— 
Professor R. W. Wood suggested recently that the heavy isotope 
of hydrogen be named bar-hydrogen, with H as the symbol. 
The compounds containing the heavy isotopes could then be 
Benzol, Ammonia, etc. However, there are three waters, four 
ammonias, thirteen benzenes, etc., which complicates the situa- 
tion. The names deuterium for the heavy isotope and protium 
for the light isotope have previously been suggested by the 
authors. The compounds H'H?, NH'H,?, etc., would then be 


called protium deuterium, mono-protium di-deuterium nitride, 
etc., respectively. Thesymbols H', H?seem to fit into the general 
scheme of symbols better than an entirely different symbol, such 
as D, because after all heavy hydrogen is still hydrogen. 

BE. Cok. 


The separation and properties of the isotopes of hydrogen. 
H. C. Urey. Science, 78, 566-71 (Dec. 22, 1933).—In an address 
before the New York Section of the American Chemical Society, 
Professor Urey discusses the separation and properties of the 
isotopes of hydrogen. The mass ratio in the case of hydrogen 
isotopes is one to two and this large difference gives rise to very 
appreciable differences in the physical and chemical properties. 
The first appreciable increase in concentration of the hydrogen 
isotopes was secured by the distillation of liquid hydrogen near 
its triple point. The separation of the hydrogen isotopes by 
diffusing hydrogen gas across a flowing stream of mercury vapor 
has also been attempted. The electrolytic method of separation, 
however, has proved the most successful. The differences in 
properties of the compounds of the hydrogen isotopes are dis- 
cussed under the classification of thermodynamic, physical, 
kinetic, and physiological. Bo Ciak. 

Spectroscopic detection of isotopes and the discovery of hydro- 
gen two. G. M. Murpny. Rep. New Eng. Assoc. Chem. 
Teachers, 35, 31-3 (1933)—One very important method of 
studying nuclei consists in the search of all possible nuclei or 
atomic species. It has been known for a long time that elements 
are really composed of several different kinds of nuclei, differing 
only in mass. These are called isotopes. Our knowledge of 
spectra has advanced to such a state that we can derive formulas 
showing the dependence of the lines in the spectrum upon the 
mass of the emitting atom and other properties. If it is suspected 
that an element has an isotope the mass of the new atom or mole- 
cule is substituted in the formulas and the position of its spectrum 
is calculated. 

A simple calculation showed that isotopes of hydrogen would 
be very rare, but if one fractionally distilled liquid hydrogen, a 
concentration of the rare isotope might be effected. Upon 
testing the gas prepared in this way, a spectrum was obtained 
that could only be explained as due to atoms of hydrogen of mass 
2. They are present, in ordinary hydrogen, only to the extent 
of about one part in 35,000. Oc: 

Recent contributions to our knowledge of the chemistry of 
vitamin A. M. T. Bocert. Rep. New Eng. Assoc. Chem. 


Teachers, 35, 40-1 (1933).—The results to date seem to support 
strongly the hypothesis that the immediate progenitor of vitamin 
A is carotene, one molecule of the latter, C4oHse, being hydrolyzed 
into two of the former C2aoH3oO. Olcott and McCann have 
suggested that this cleavage may be caused by an enzyme; for 
which they propose the name “‘carotenase.”’ 

At present three carotenes, all CyoHss, appear to be recognized 
and fairly well characterized. In addition to these it is not at all 
unlikely that other isomeric carotenes may be discovered in 
nature or prepared synthetically. From which it follows that 
there may be also various isomers of vitamin A. ©, :€. 

The chemistry of sea water. N.W.Rakestraw. Rep. New 
Eng. Assoc. Chem. Teachers, 35, 12-6 (1933).—The chemistry 
of the ocean is not only concerned with the composition of the 
immense solution which makes up the sea water but also with 
the suspended matter, both animate and inanimate, which 
floats in it and with the solid materials on the sea bottom. 
Chemically, the sea itself is a solution both concentrated and 
dilute, whose concentration is almost unchanging with respect to 
its major constituents but quite variable with respect to its 
minor ones. 

The chemistry of the sea has its econon:ic as well as its purely 
biological side. Important minerals have been deposited in the 
sediments of the sea bottom and are connected with the chemistry 
of the seas long since disappeared. The recovery of salt from 
sea water is an ancient industry, but more recently such by- 
products as magnesium and bromine have become of importance. 
One of the most attractive features about the study of the 
chemistry of the sea is the actual field work involved. O. C. 

Gas buggies. Anon. Jnd. Bull. of Arthur D. Liitle, Inc., 84, 
2 (Dec., 1933).—Increasing attention is being given abroad to 
the development of gas-driven motor trucks. Instead of gaso- 
line, the fuel is producer gas made by drawing a restricted supply 
of air through heated coke, coal, or wood contained in a compact 
unit built into the chassis. The limited combustion yields pro- 
ducer gas, a carbon monoxide-nitrogen mixture. This gas is 
consumed directly in the usual internal combustion engine, 
conventionally designed, except that a higher compression-ratio 
is preferred. The high cost of gasoline and other motor fuels in 
European countries and the desire for independence of imports 
constitute the chief incentives for these developments. The 
chief disadvantage of producer gas as a fuel for internal com- 
bustion engines is its lack of flexibility. Some five minutes are 
required to start up a cold unit, after which it is reported to be as 
flexible for operation as with gasoline. If quick starting is 
desired, the producer gas system may be supplemented by an 
auxiliary gasoline system. A further disadvantage of producer 
gas is the labor of maintenance (filling, lighting, emptying ashes, 
and cleaning) and the chance that there may be gummy or 
corrosive impurities. These disadvantages disqualify producer 
gas for pleasure vehicles, but in Europe there are several fields 
giving it serious consideration; namely, trucks for long distance 
hauling, tractors, and industrial engines. G. O. 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Practical and mystifying home tests you can make with iron. 
R.B. Wares. Popular Sct. Mo., 123, 50 (Aug., 1933).—Experi- 
ments are described illustrating the oxidation of iron in the presence 
of hydrogen ions, passivity, reduction of cupric ions by iron, and 
the reduction of iron oxide by hydrogen or aluminum. The im- 
portance of the thermite process is emphasized. re eee 

Surprising tests with household ammonia. R. B. WaILEs. 
Popular Sct. Mo., 122, 48 (June, 1933).—The following subjects 
are presented: the oxidation of ammonia to nitric acid, the 


evolution of ammonia from ammonium compounds when treated 
with NaOH, and the use of the reaction to prepare NH,OH, the 
formation of complex ions, and the properties of nitrogen. 
BT. B. 
The camera and black light find new mystery metals. S. 
Gieason. Popular Sci. Mo., 123, 13 (Nov., 1933).—A readable 
article describing the uses to which some of the scientist’s new 
tools, such as the X-ray spectrograph, have been put in the hands 
of the metallurgist in the production of new alloys. H.T.B. 
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Weird stunts with aluminum in the home laboratory. R. B. 
Waites. Popular Sci. Mo., 123, 52 (Sept., 1933).—The rectify- 
ing action of an aluminum-oxide-coated sheet of aluminum toward 
alternating current is presented. The power of nuclei in inducing 
crystal growth is strikingly illustrated by the formation of crys- 
tals on the tracing left by writing on a sheet of glass with a styptic 
pencil when a concentrated solution of alum is poured over the 
glass. The clarifying action on turbid water of a floc of alumi- 
num oxide is illustrated. H: Fo B 

Crime detection tests for the home chemist. R. B. WaILEs. 
Popular Sci. Mo., 123, 54 (Nov., 1933).—Iodine may be obtained 
in the home laboratory by distilling off the alcohol from tincture 
of iodine, or by heating a mixture of potassium iodide, manganese 
dioxide, and sulfuric acid. Fingerprints on articles may be 
brought out by exposure to iodine vapor. Experiments are 
described illustrating the reaction of aluminum or zinc with 
iodine, the instability of nitrogen triiodide, the enantiotropic 
property and preparation of mercuric iodide. He TF. -B. 

How to convert old electric light bulbs into chemical glassware. 
R. B. Wares. Popular Sct. Mo., 123, 61 (Nov., 1933).—With 
practice, the home chemist can make Florence flasks, distilling 
flasks, etc., from burned-out light bulbs. H. ae: 

Home tests show strange nature of chlorine. R.B. WaILEs. 
Popular Sci. Mo., 123, 51 (Oct., 1933).—For experimental 
purposes the home chemist may obtain chlorine by means of the 
reaction of HCl and MnO:. The gas, as prepared, may be led 
into a flask in which reactions of chlorine, such as bleaching, 
reaction with metals, and the formation of bleaching powder, may 
be performed. It is essential that the unused gas issuing from the 
apparatus be passed through a scrubber containing a solution of 
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lye. Chlorine may also be prepared by adding HCI or H2SO, to 
“chloride of lime’’ obtainable at grocery stores. A; ead ead: 2 

Experiments with liquid air. H.A.Ippies. Rep. New Eng. 
Assoc. Chem. Teachers, 35, 21-6 (1933).—Short history of the 
theoretical basis and practical developments for the production of 
liquid air. Between 1852 and 1862 the Joule-Thomson effect on 
temperature. The “self intensive’ or cumulative systems for 
cooling gases, elaborated by Linde, Hampsen, and Tripler be- 
tween 1894-95. Isolation of argon by Ramsay in May, 1894. 

General experiments with liquid air. Most of the experiments 
with liquid air fall into two classes: first, those that depend upon 
the property that even when boiling, liquid air has a very low 
temperature; and second, that upon partial evaporation it 
—* a source of nearly pure oxygen. Fifteen experiments 
ollow 

Dehydrating aqueous solutions of acetic acid. D. F. OTHMER. 
Chem. & Met. Eng., 40, 631-3 (Dec., 1933).—If an organic liquid, 
miscible with anhydrous acetic acid but substantially insoluble in 
water, is added to aqueous acetic acid and the mixture distilled, 
water and the organic solvent tend to distil together at a lower 
temperature while the vapor pressure of the acid will not be 
affected in such a marked degree. In practice it has been found 
possible, while utilizing this withdrawing liquid, to operate a 
distilling column in much the usual manner, but with one con- 
denser only at the top which spills condensate into a gravity 
decanter. All of the entraining liquid is returned as reflux, 
after separation in the decanter, and the acid-free water is dis- 
charged. Ethylene chloride and isopropyl ether are two of many 
liquids which may be used. It is also possible to work this as a 
continuous distillation process. J. W. H. 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


Future trends in the teaching of elementary chemistry. J. 
A. Trwm. Rep. New Eng. Assoc. Chem. Teachers, 35, 34-5 
(1933).—The more important objectives of the elementary 
course: (1) To present the more important facts upon which 
the philosophy of the science is based, together with some knowl- 
edge of how these are obtained in the laboratory. (2) To show 
how the laws of chemistry summarize a group of related phe- 
nomena. (3) To cultivate an understanding of the reasoning 
by which experimental facts are interpreted by the fundamental 
theories of the science. (4) To emphasize the usefulness of these 
theories, imperfect though many of them may be, in the dis- 
covery of new facts and in the development and conservation of 
natural resources. (5) To cultivate an appreciation of the im- 
portance of scientific research in the civilization of our time. 
(6) To prepare for advanced courses in chemistry. a, 

Laboratory fees. J. N. Swan. Science, 78, 579 (Dec. 22, 
1933).—The proposal is made in this article that laboratory fees 
be merged into general tuition and that when a student pays his 
tuition to enter the School of Liberal Arts or any other school he 
be free to enter any course given in that school. It is a proposal 
to give students who wish to take science an equal chance with 
those students who wish to take other subjects. B,C. EK. 

The place of ene chemistry in the curriculum of a 
college for women. C. McKegr. Rep. New Eng. Assoc. 
Chem. Teachers, 35, 97-40 (1933). —Physiological chemistry is an 
advanced course. Major students electing it are required to 


have, as prerequisites, quantitative analysis and a year of organic 
chemistry and are advised to carry, either as preliminary or 
parallel courses, physiology and physical chemistry. The aim is 
to study as carefully as possible in one year the compositions of 
the various tissues of the body and the chemical and physiological 
processes of respiration, etc. 

The beginner learns to weigh evidence for and against each step 
and not to lose courage when the path is found blocked. Many 
times the carefully studied lesson of yesterday becomes today 
but “interesting history’’ as theories are thrown into discard by 
new research. ek 

Tin can chemistry. E. C. WEAvER. Rep. New Eng. Assoc. 
Chem. Teachers, 35, 41-6 (1933).—High-school chemistry has 
always been a course in which the percentage of failures, country- 
wide, has been high. Most of the high-school chemistry courses 
follow closely the college entrance board syllabus. The question 
arises, can we teach for the 10% to 15% and fail a large number 
of other pupils or should we adapt our courses to what we con- 
sider the needs of the group in general? 

In order to have more pupils pass, let us not decrease the degree 
of difficulty. Rather let us increase the extent of pupil interest 
by bringing the subject matter of the course home to him—home 
at least to his kitchen and pantry shelves. Courses crammed 
full of illustrations from the home will have meaning to wide- 
awake boys and girls. Illustrations are given. OG, 


GENERAL 


A century of progress in chemistry. A.B.Lamp. Science, 78, 
371-6 (Oct. 27, 1933).—As president of the A. C. S., Professor 
Lamb addressed the Society at the exposition in Chicago, setting 
forth the contributions of chemistry to the advancement of science 
during the past 100 years. In 1833 chemistry was a small and 
compact science, and a chemist could be expected to be informed 
about every branch of his science. Now chemistry is a collection 
of sciences; the sciences of thermochemistry, electrochemistry, 
photochemistry, radiochemistry, chemical dynamics, chemical 
statics, and biochemistry are all products of the past 100 years. 
Since 1833 forty new elements have been recognized, striking 
improvements have been made in the preparation of iron and 
steel, aluminum, sodium carbonate, ammonia. The refining of 
sugar has been highly perfected; petroleum has been refined and 
separated into hundreds of indispensable products. There were 
relatively few organic substances known in 1833; now more than 
300,000 have been made. More significant still is the advance in 
chemical knowledge, typical of which is the progress made in the 
structure of matter. In 1874, the correctness gf Avogadro’s 
fundamental assumption of the doubled formula for the common 
elementary gases was established; in 1852, the theory of valency 
was propounded, clearing up the problem of isomers. Newlands 
observed the recurrent properties of elements, and in 1869 


Mendeléeff established the reality of the periodicity of the ele- 
ments. In 1897 J. J. Thompson showed that the unit charge of 
electricity was capable of free existence, and the following year 
Madame Curie discovered radium. BK. Cy ER, 

How chemical industry looks at N.R.A. H. L. Derpy. 
Chem. & Met. Eng., 40, 582-3 (Nov., 1933).—Chemical industry 
has given whole-hearted coéperation to the President and his co- 
workers in endeavoring to carry out the purposes of the act. 

Minimum wage rates with the maximum hours specified in the 
various codes makes imperative the efficient use of labor, and an 
effective method of budget control of operations becomes highly 
essential. The reduction or elimination of waste is likewise a 
necessity. Inadequacy of existing machinery and equipment, 
improper plant locations, and unsound policies and methods in 
distribution are becoming exigent. 

Marketing and distribution must be carried out in the same 
efficient manner as production. Future advertising programs will 
probably change the emphasis from price to quality and service. 

«Wakes 

Statistical data for chemical instruction covering 1931 and a 
part of 1932. F.Horman. Z. phys. chem. Unterricht, 46, 114-8 
(July-Aug.,1933).—Data are given for the world production ofcoal, 
iron, steel, gasoline, nitrogen fertilizers, and various ores. L.S. 





RECENT BOOKS 


HicH ScHoo, CHEeMistry. George Howard Bruce, Department of 
Chemistry. Horace Mann School for Boys, Teachers’ College, 
Columbia University. World Book Co., Yonkers-on-Hudson, 
New York, 1933. Revised edition. x + 550 pp. 147 
illustrations. 12.5 X 18.5cm. $1.68. 


A typical textbook in chemistry of the conservative, traditional 
ass is presented as above described. Good features are plenti- 
ul, among them being a clear concise style of diction which 
fills the book with a wealth of information for its size, a very 
thorough treatment of the electronic structure of atoms with a 
‘onsistent application of it to the major facts of chemistry. 
The clear, readable type makes the pages attractive. The line 
drawings are clear even in perspectives. Some half-tones are 
very muddy and some portraits of scientists may well have been 
omitted for lack of justice to these men of note. Heavy-faced 
‘type is liberally used, which is preferable to the use of much lower 
case type. 

The author modestly admits the book to be “‘the outcome of a 
desire to prepare a scientifically up-to-date text which high- 
school students can read and understand, a text in which the 
language employed is that which they themselves use and com- 
prehend.’’ Warned by this statement we were prepared to find 
even some slang phrases in the book but the best found was this 
caution: ‘See that no flame comes near your hydrogen genera- 
tor.”” Flaming youth must be restrained where fall the shadows 
of Horace Mann. However, we must remind the author that 


prohibition days are over for a time and it were better pedagogy 
to train the boys under what conditions flame may be introduced 
to the hydrogen generator with perfect safety. 


The usual text of this type is quite didactic. But the first 
page starts with an inductively interesting life situation to ex- 
plain a chemical change by the change of characteristic proper- 
ties. When the discussion runs into the definition of a chemical 
change as a change in composition, then the unknown is being 
explained in terms hardly known to the pupil. This is the usual 
error in introducing terminology ahead of experience. The 
presentation of the law of the conservation of mass is perfect 
in its effectiveness of induction, even to the simple accompanying 
experiment to draw out the pupil’s interest in trying to test it 
himself. If this manner of presentation were used as consistently 
as the interweaving of the electronic theory with the facts of 
chemistry little more could be done to improve the effectiveness 
of the book as a text. 

Science terminology increases like taxes and either causes 
revolt or pupil “boners.”” Aqueous tension, molar solution, and 
many others may well be omitted in first-year chemistry or be 
more simply stated. A recent result of the plethora of scientific 
terms was found in the pupil’s reference to “a noted aeronaut 
who went up in a balloon to study cosmetic rays.’”” We can be 
so up-to-date with the subject matter of science that we begin 
to overload the pupil and the public with the subject matter. 
The reviewer would ask text writers why we cannot be more up- 
to-date in the manner of presentation. Why are the preparations 
and properties of many elements and compounds so religiously 
given in the textbook, when we have the pupil go over all this 
ground in the laboratory to discover what has already been 
stated in the text? Further, why should we take pains to dis- 
tinguish physical and chemical properties? Is it because we 
are so chemically-pure minded that we cannot think of a property, 
much less learn it, unless it is labeled as one or the other? Nature 
mixes them up with every substance and that is the way we find 
them in life, so why not be content to study the chemistry of 
life rather than the chemistry of the textbook? 

Completed chemical equations are introduced in the first 
chapter and consistently given even though the usual explanation 
is not given until page 114. Probably much that we think we 
teach is passed over without understanding by the pupil so the 
matter of equations may be added to the lot without much fault, 


but we do not like to have a curious pupil ask why mercury 
is written 2Hg in the equation and oxygen O2 and not give him the 
real explanation. 

The carbon cycle is given a half-page of explanation and the 
nitrogen cycle does not appear at all. These relationships are 
all-important in life and deserve full explanation even in the 
first year of chemistry, while the arc process of fixation of nitro- 
gen, the chamber process of making sulfuric acid, and the Le Blanc 
soda process may well be omitted, for they are practically ob- 
solete. 

The usual queer statement of the preparation of chlorine ap- 
pears as it has in the past even by college authors. ‘‘Manganese 
tetrachloride is unstable and as rapidly as it is formed breaks 
down into manganese chloride and free chlorine.’”’ Must we 
think it formed, only to be unformed without change of condi- 
tions? 


Lake View HicH ScHoo.i 


»adeactefigg: garbocwon HERBERT R. SMITH 


ALEMBIC CLUB REPRINT No. 21. ON A NEw CHEMICAL THEORY 
AND RESEARCHES ON SALICYLIC Acip. Papers by Archibald 
Scott Couper (1858). Edinburgh. Published by the Alembic 
Club, Edinburgh Agents, Oliver and Boyd, Tweeddale Court; 
London Agents, Gurney and Jackson, 33 Paternoster Row, 
1933. 45pp. 12X18cm. 2/6. 


At Townhead, Kirkintilloch, Scotland, on March 31, 1931, 
a tablet was unveiled with the inscription, ‘“This placque marks 
the birthplace of Archibald Scott Couper, born 1831, died 1892, 
whose brilliant pioneering contributions to chemical theory have 
won for him international renown, and whose genius, stifled 
by an early illness, was denied the opportunity of consummation.” 

Couper received his early training in the Universities of Glas- 
gow and Edinburgh; then Germany attracted him and he began 
the study of natural science and chemistry in Berlin. A youth 
of twenty-five, he migrated to the laboratory of Wurtz in Paris. 

Here he devoted his energies to practical work in organic 
chemistry and soon showed himself a capable investigator. To 
him we owe the preparation of the mono- and di-bromobenzenes, 
and a study of the action of phosphorus pentachloride on methyl 
salicylate. The results of this latter research were disregarded 
for years, until Anschiitz repeated it and showed that it was ex- 
perimentally correct. 

The papers in the Alembic Club Reprint are taken from the 
Comptes rendus, 46, 1157-60 (1858); the Phil. Mag., [4], 16, 
104-16 (1858); and the Edinburgh New Philosophical Journal, 
New Series, 8, 213-7 (1858). 

The keen young Scotchman begins his article “On a New 
Chemical Theory” as follows: ‘The end of chemistry is its 
theory. The guide in chemical research is a theory. It is there- 
fore of the greatest importance to ascertain whether the theories 
adopted by chemists are adequate to the explanation of chemical 
phenomena or are at least based upon the true principles which 
ought to regulate scientific research.’”” Then he goes on to state: 
“There are two conditions which every sound theory must 
fulfill: 

1. It must be proved to be empirically true. 

2. It must no less be philosophically true.” 

These quotations show Couper’s attitude of mind, which led 
to the following basic conclusions, using present-day terms: 

Carbon is di- or quadri-valent in its combination with hydrogen, 
oxygen, sulfur, etc. 

Carbon can combine with itself, giving rise to the great number 
of carbon compounds. 

He writes graphic formulas in which the mutual bonds of the 
atoms are indicated by dotted or connecting lines; these are 
true structural representations of the type used today. 

Anschiitz also points out that, by slight changes in his formula 
for salicyclic acid, Couper might have anticipated the ben- 
zene ring of Kekulé. As it is, Couper was an independent dis- 
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coverer of Kekulé’s postulates. Had it not been for the delay 
of Wurtz in presenting this paper to the French Academy, 
Couper’s priority would have been recognized, or at least his 
name would have been linked with that of Kekulé as a co-dis- 
coverer of the fundamental theories that brought order into the 
chemistry of carbon. 

This lack of recognition, coupled with a later illness, led to his 
withdrawal from active chemical life, and the world lost a master 
who might have made far-reaching contributions to chemical 
fact and theory. 

It is but an act of justice that his work should be represented 
in this series of chemical classics. 

[For a complete account, see ‘Life and Chemical Work of 
Archibald Scott Couper,” by Richard Anschiitz, Proc. Roy. 
Soc., Edinburgh, 19, 193-273 (1909).] 


THE UNIVERSITY OF KANSAS 
LAWRENCE, KANSAS 


F. B. Dans 


STRUKTUR DER MATERIE (STRUCTURE OF MatTER). Four 
lectures by P. Debye, Director of the Institute of Physics, 
University of Leipzig. S. Hirzel, Leipzig, 1933. 50 pp. 
21 Figs. 15 X 22cm. Paper bound: RM 3. In German. 


For some fifteen years P. Debye has conducted a series of re- 
searches bearing directly on the atomic and molecular structure of 
matter. Four major fields have been investigated and in each 
he has obtained results of the most fundamental importance. 
The fields are: X-ray determination of the arrangement of 
atoms in single molecules, X-ray investigation of the arrange- 
ment of molecules in liquids, the relation of dipole moments to 
chemical structure in liquids, and the behavior of strong elec- 
trolytes. In each of the fields he has correlated the results of 
physical measurements with the chemical behavior of matter. 

During 1932 Prof. Debye gave a series of lectures on his re- 
searches at Massachusetts Institute of Technology, Ohio State 
University, and the University of California. After the lecture 
tour he wrote the four lectures of this booklet in response to a 
demand for a non-technical review of the work in the four fields 
mentioned above. The lectures are written in popular style 
and none of the (sometimes difficult) mathematical reasoning 
is included. He stresses applications to chemical behavior in 
each. 

Lecture one is an account of the author’s work on X-ray inter- 
ference from single molecules. When a beam of X-rays is passed 
through a gas the molecules scatter independently because of their 
random arrangement. However, peaks in intensity are found 
in the radiations from some gases. Debye showed these to be 
due to interference in the rays scattered by separate atoms within 
the molecule and established a method for the determination of 
interatomic distances from the X-ray pattern. Measurements 
have been made on many of the simpler molecules and the space 
structure determined. The results confirm the structures long 
postulated by stereochemistry for methane derivatives, for cis- 
trans isomers, and for the benzene ring. 

The second lecture is on dipole moments and their relation to 
structure. Permanent and induced moments are simply ex- 
plained and experimental methods are cited whereby the two 
may be separately detected. A bit more experimental defail 
might be appreciated by the lay reader but this information is 
readily obtainable in American journals. A few specific applica- 
tions of dipole moment data to chemical structure are given. 

In lecture three Prof. Debye delves a little deeper into the 
structure of liquids. After pointing out that the Van der Waals’ 
equation cannot describe the condition of molecules in a liquid, 
he cites two experiments as proof that the molecules in a liquid 
are very regularly arranged and even approximate the condi- 
tion of a solid. When supersonic waves are passed through a 
liquid the vibrations of the molecules set up such standing waves 
that the liquid acts as a reflection grating and spreads white light 
into a spectrum. This is related to a tightly bound condition of 
the molecules. When a beam of X-rays is allowed to strike a 
mercury surface the reflected rays show interference peaks. 
These may be used to calculate a probability curve for the 
arrangement of the atoms. Certain positions, roughly corre- 
sponding to a packing of hard spheres, are found most probable 


191 


from the calculation. 
crystalline structure. 
Lecture four is a review of the fundamental developments in the 
now famous Debye-Hiickel theory of strong electrolytes. 
The booklet is too brief for a thorough review of any subject 
but does provide a good survey of recent accomplishment. 
W. C. Pierce 


Thus he shows that the liquid has a quasi- 


UNIVERSITY OF CHICAGO 
Curcaco, ILLINOIS 


OUTLINES OF ORGANIC CHEmistrRY. F. J. Moore, Late Professor 
of Organic Chemistry, M. I. T. Revised by W. T. Hall. 
John Wiley and Sons, Inc., New York City. Fourth edition, 
1933. xii+ 338pp. 15 Figs. 14 X 24cm. $2.75. 

This text, appearing now in its fourth edition, was first pub- 
lished in 1910, and was written expressly for those “who study 
Organic Chemistry from the non-professional point of view.” 
Since the book was based on a course of lectures delivered to 
candidates for the bachelor’s degree in Physics, Biology, and 
Sanitary Engineering, certain subjects, assumed to be of interest 
only to the professional organic chemist, have been omitted en- 
tirely or dismissed with a few words. Although there is sure 
to be difference of opinion in regard to choice of topics, many 
will be surprised to find the principal discussion of the Grignard 
reaction relegated to about half a page of fine print. The omis- 
sion of a discussion of acetoacetic ester is perhaps justifiable, 
but the fact that some organic substances are capable of exist- 
ence in different forms possessing different properties would 
seem to be of interest to the non-professional student, and to 
illustrate admirably an important general phenomenon. Cis- 
trans isomerism is likewise not treated in the text, but the student 
is asked to develop the basic ideas for himself in a study question. 

The text contains two statements to which the reviewer must 
take exception. Certainly the production of u-butyl alcohol 
from corn is an important process, and the alcohol a substance of 
considerable practical value, yet we read, ‘“‘The butyl alcohols are 
of little practical importance, although the normal primary com- 
pound can now be obtained cheaply from glucose by a fermenta- 
tion process and is often used as a solvent.” Similarly we do 
not believe that the inference in the statement, ‘“‘Attempts to 
prepare alcohol from acetylene and ethylene have resulted in the 
taking out of various patents, but while sugar is cheap and the 
market near, molasses will remain the chief source of industrial 
alcohol,’’ is justifiable, for the production of ethyl alcohol from 
ethylene is today an industrial reality. 

There are a few minor errors or omissions, the elimination of 
which would improve the work. An excellent discussion of 
esterification is marred by the entire absence of any mention of 
the importance of catalysis with respect to the reactions involved. 
Dehydrogenation as a substitute for oxidation in the preparation 
of aldehydes and ketones is not mentioned, and the reaction in- 
volved in the Fehling’s solution test is written as though it in- 
volved the copper-tartrate complex instead of the copper ion. . 
The term “split” used in connection with the separation of 
optical isomers seems to us unfortunate, for it conveys a dis- 
tinctly erroneous impression, and yet it is the only term which 
is used to express the basic idea involved in the resolution of 
racemic substances. The formula written for ascorbic acid on 
page 234 is not the one which has gained widest acceptance. 
The mechanism postulated for the reactions involved in the 
bromination of benzene is, we believe, incorrect. Few, also, 
will agree that the “most important method for the preparation 
of phenols consists in boiling the diazonium salts with water.” 
The discussion of the polymerization of dienes:to rubber-like 
substances includes no mention of the similar behavior of chloro- 
prene, a reaction certainly of more importance than any in- 
volving dimethylbutadiene and butadiene which are mentioned. 

Since the text is to be used by those whose major interests lie 
outside of chemistry, the inclusion of a few line drawings showing 
schematically how reactions discussed are actually applied 
industrially or carried out in the laboratory would aid materially 
in stimulating the interest of the reader. 

The text is well written, readable, and almost entirely free 
from typographical errors, of which the reviewer was able to find 
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but two minor examples: the omission of a valence bond in the 
ethylene formula at the bottom of page 131, and Naz instead of 2 
Na on page 52. Study questions follow each chapter and afford 
ample opportunity for the student to review and apply the prin- 
ciples of the text. These questions and the several flow-sheets 
illustrating the genetic relationships of various groups of com- 
pounds constitute a very valuable and useful feature of the 
Print and paper are good, and the book is well bound. 


NATHAN L. DRAKE 


work. 


UNIVERSITY OF MARYLAND 
COLLEGE PARK, MARYLAND 


THE FounbATIONS OF NutriTION. Mary Swartz Rose, Ph.D., 
Professor of Nutrition, Teachers’ College, Columbia Univer- 
sity. The Macmillan Co., New York City, 1933. Second 
edition. xi + 630 pp. 101 Figs. 138 K 20cm. $8.00. 


The author states that the “‘book is written for those who 
wish to live more intelligently. An effort has been made to 
present within a small space some of the fundamental principles 
of human nutrition in terms which call for no highly specialized 
training in those natural sciences upon which the science of nutri- 
tion rests.” 

That Dr. Rose has been successful in presenting the funda- 
mentals of human nutrition in an interesting and effective manner 
is probably best indicated by the fact that ‘“‘Foundations of Nutri- 
tion’’ has undergone many reprintings and one complete revision 
since it was first published in 1927. 

The present book is rewritten and enlarged but follows the 
same general plan that characterized the first edition. A com- 
parison of the first and second editions shows that the 12 chapters 
of the former have been expanded to 26 chapters in the latter. 
This has been done by the inclusion of outstanding researches 
published since the appearance of the first edition. Separate 
chapters are now devoted to each of the vitamins. The appendix 
(nine tables and one chart) has been revised and enlarged. 

From the standpoints of binding, general appearance, size of 
pages, quality of illustrations and typography, the second edition 
appears to be a distinct improvement over the first edition. 

The reviewer considers the book unique in that it discusses 
the fundamental principles of human nutrition in an elementary 
but authoritative and scientific manner and at the same time 
answers most of the important practical questions regarding 
their application to food selection and diet construction. 

Dr. Rose’s new text will undoubtedly continue to hold the 
unique positioa it has achieved for itself as the outstanding 
elementary textbook on human nutrition in the home economics 
field. 


THE PENNSYLVANIA STATE COLLEGE 
State COLLEGE, Pa. 


R. ApamMs DuUTCHER 
Henry C. Sherman, Columbia University. 


Foop PRODUCTS. 
xi + 


The Macmillan Co., New York City. Third edition. 
674 pp. 42 Figs. 13 X19.5cm. $3.00. 


The book contains chapters on the principal constituents and 
functions of food; general aspects of food control; milk; milk 
products other than butter; eggs; meats and meat products; 
poultry, game, fish, and shellfish; grain products; vegetables; 
fruits and fruit products; nuts; edible fats and oils; sugars, 
sirups, and confectionery; food adjuncts such as baking powders, 
spices, condiments, flavoring extracts, tea, coffee, soft drinks, etc. 
The final chapter deals with some aspects of food economics. 
There are appendices on the food and drugs act and related 
regulations and decisions; meat inspection law and regulations; 
calcium, phosphorus, iron, copper, and manganese contents of 
food; and food products as sources of vitamins. 

Foods are discussed from a standpoint of production and 
handling, composition, adulteration and inspection, standards of 
purity, classifications and detailed proximate composition. The 
nutritive qualities of each food are presented and their place in 
the diet is discussed. In the case of all manufactured foods the 
processes of manufacture are briefly discussed. In connection 
with each food a selected bibliography includes all the more im- 
portant authoritative sources of information. 

This new edition is thoroughly up-to-date and represents a 
ready source of reference for an immense number of facts of in- 








terest to teachers and students. It will be heartily welcomed 


wherever nutrition is taught. 


ScHOOL oF HYGIENE AND PuBLIC HEALTH 
THE JOHNS HOPKINS UNIVERSITY 
BALTIMORE, MARYLAND 


E. V. McCoittum 


MANUFACTURE OF Sopa. Te-Pan Hou, Ph.D. American 
Chemical Society Monograph No. 65. The Chemical Catalog 
Co., Inc., New York City, 1933. xiv + 351 pp. 129 Tables. 
72 Figs. 15.5 X 23cm. $8.00. 

The purpose of this monograph, according to the author, 
is to present material relating to the ammonia soda industry, 
which has been previously withheld from the public by the 
manufacturers. The author realizes the lack of technical 
details based on modern practice in the available current 
literature, and in preparing his work draws his material mostly 
from his own experience and investigations. The subject is 
approached from the practical side, but the theoretical back- 
ground receives serious consideration. Every phase of the indus- 
try, with the exception of the design and construction of plants, 
is treated in the greatest detail. One of the most outstanding 
contributions in this monograph is the wealth of calculations 
illustrating theoretical discussions and unit process operations. 
The chapter on chemical analyses and tests in the alkali industry 
is detailed and complete. 

From the standpoint of chemical education this monograph 
should serve as an admirable source and reference book in this 
division of industrial chemistry. 


LEHIGH UNIVERSITY 
BETHLEHEM, PA. C. W. Smmmons 
Diz TECHNIK DER CHEMISCHEN OPERATIONEN. Dr. Walter 


Bader, Chemical Engineer, Basel. B. Wepf & Cie., Basel, 
1934. iii + 416 pp. 77 Figs. 16 X 24cm. Paper cover, 
frs. S. 18; cloth cover, frs. S. 20. 

The book is an elementary treatise of processes related to 
chemistry. There are no references to the work of others in 
closely allied fields. The author states that “Es ist zur fort- 
laufenden Lectiire fiir jtingere Chemiker bestimmt. . .Es handelt sich 
darum, die an der Hochschule getrennt erworbenen Kenntnisse in 
Chemie...” By comparison the book may be said to stand 
between certain texts in English, intended for high-school and 
early college students, and those more advanced texts which 
recently have appeared. The treatment is distinctly of me- 
chanical processes and devices. The author adheres closely to his 
thesis that the book is not supposed to be an advanced text. 

Solution Operations are dealt with in four chapters—dissolv- 
ing, extraction, precipitation, and crystallization; Mixing Opera- 
tions in three chapters—mixing, kneading, and stirring; Separat- 
ing Operations in five chapters—air flotation, washing, sedimenta- 
tion and decantation, sifting, filtering, centrifuging, and pressing; 
technic of solid material in five chapters—storing, crushing and 
grinding, molding, transportation, and weighing; Technic of 
Liquids in six chapters—storing, transportation, emulsifying 
solutions of liquids in gases, and measuring of liquids. 

Technic of Gases is treated in six chapters—storing, solution 
of gases in liquids, desiccating, compressing and liquefying, trans- 
portation, and measuring; Heat Transference in four chapters— 
refrigerating, heating, fusing, and calcining; Evaporation Opera- 
tions in four chapters—volatilizing, evaporating to dryness, dis- 
tillation, and sublimation. 

There are four chapters on isolated topics—autoclave technic, 
high-pressure technic, technic of catalysis, and automatic control 
of operations. 

The treatment is logical and in due consideration of the class 
of invited readers, subdivisions of the chapters are many and help- 
ful. One illustration will suffice. In chapter thirty-nine on dis- 
tillation, seven sub-topics are given, which aid one in selecting 
quickly desired information. 

The reviewer is impressed by the clearness of the drawings, 
including evident success in representing operations. 

Except for the absence of an index, the book appears to fill 
satisfactorily a place in its intended field. The mechanical 
make-up of the book is attractive. Good quality of unsized 
paper, large, clean type, outstanding headings and subheadings 
are a few of the commendable features. 


WEST VIRGINIA UNIVERSITY 


Morcantown, W. Va. FRIEND E. CLARK 
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The portrait here reproduced is attributed to Jonathan Richardson, Sr., 
and at one time belonged to the collection of the Countess of Loudoun. It 
now hangs on the walls of the Institute of Chemistry of Great Britain and 
Ireland in London. For a photographic copy and for permission to publish 
we are indebted to Mr. Richard B. Pilcher, Registrar and Secretary of the 


Institute. 
Contributed by F. B. Dains 
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EDITOR’S OUTLOOK 


N ANNOTATING one of his match games, played 

I against Walbrodt in 1894, the great chess master 
Dr. Sigmund Tarrasch commented upon a certain 
exchange substantially as follows. ‘In such positions 
Steinitz always exchanged Bishops, for he considered 
the consequent doubling of the Pawns a great disad- 
vantage [to his opponent]. To me, on the contrary, 
this disadvantage seems more than compensated by the 
advantage of the open file for the Rook, as I place more 
value on the free development of the efficiency of the 
pieces than upon the positions of the Pawns. Prob- 


ably we are both right; if one plays strongly he makes 
the slight advantages of his game count, without allowing 


the disadvantages to assume much importance.” 

Recently a sports writer for the daily papers remarked 
upon the apparently unorthodox styles of several con- 
sistent golf-tournament winners. None of these ex- 
perts, he declared, seems to do all the things the begin- 
ner is usually told he must do to attain to even moder- 
ate success at the game. 

Analogous anecdotes without number might be com- 
piled. They do not, of course, indicate that one way 
of going about a thing is as good as another. They 
do illustrate the fact that the mastery of a technic is 
not to be achieved by slavish imitation of the expert or 
by the following of rule-of-thumb directions. 

Certain fundamental requirements must be fulfilled 
in the successful accomplishment of any complex opera- 


tion. These must be incorporated in any satisfactory 


method, either intuitively or as the result of analysis. 
Once these essentials are clearly recognized, however, 
we have little further to learn from others. If we are 
ever to progress beyond mediocrity we must hit the ball 
in our own way—the way that is easy and natural to 
us—trather than in Sarazen’s way or Bobby Jones’s way. 
Something, at least, of what we have said applies in the 
selection and evaluation of teaching methods. The 
effect upon the pupil, measurable or otherwise, is inevi- 
tably produced by a combination of teacher and method. 
Probably no teacher worthy of the name employs one 
method exclusively, any more than a cabinet-maker 
would confine himself to the use of one tool. The point 
we desire to make, however, is that in comparing meth- 
ods we would do well to keep the teacher factor in 
mind. To paraphrase Dr. Tarrasch, if ome teaches 
strongly he makes the:,slight advantages of his method 
count, without allowing the disadvantages to assume 
much importance. 





Photographic artists have been 
turning to modern industry in the 
search for unusual compositions 
of light and line. Even the re- 
search laboratory has come in for 
attention. The photographic 
study on our cover was made in 
the laboratory of the Du Pont Ex- 
perimental Station and has ap- 
peared on the cover of the Du Pont 
Magazine. Itis reproduced here 
by the kind permission of Mr. 
F. J. Byrne of the Du Pont Pub- 
licity Bureau. 





The NATURE of PORTLAND 
CEMENT CLINKER 


Modern Methods of Research as Applied to Its Study 
H. G. FISK* 


Fundamental equilibrium studies on the systems lime- 
silica, and lime-alumina-silica, have shown what com- 
pounds are possible in portland cement clinker. FPetro- 
graphic and X-ray studies have proved the existence of 
these compounds in commercial cement clinkers. Syn- 
thetic studies on the pure compounds and mixtures of 
them have indicated their functions in portland cement. 


++ + 


ORTLAND cement is the product obtained by 
P finely grinding clinker and adding to it a small 
percentage of powdered gypsum. Portland ce- 
ment owes its properties of setting and hardening to 
the presence of the silicates and aluminates or ferrites 
of calcium; which compounds react with water. When 
portland cement is mixed with properly sized and pro- 
portioned sand, aggregate, and the correct amount 
of water, and allowed to harden the resulting product 
is our well-known building and structural material, 
concrete. 
Clinker is manufactured by calcining a properly pro- 
portioned and intimately associated mixture of cal- 
careous and argillaceous constituents. In this country 


The principles of phase equilibria as applied to the 
portland cement regions of the lime-silica and the lime- 
alumina-silica systems are briefly reviewed. Theapplica- 
tion of thermo-chemical, petrographic, and X-ray crystal 
analysis methods to the solution of the problem of the 
constitution of portland cement clinker is indicated. 


++ + 


the calcination is carried out in large cylindrical kilns 
which are lined with refractories. These rotary kilns 
are inclined at a slight angle from the horizontal so 
that the burden or charge in the kiln is carried con- 
tinuously forward through the hot zone, and discharged 
at the lower end as clinker. The clinker thus produced 
consists of varying sized pellets which are composed of a 
fine-grained (microscopic) mass of minerals. 

Due to a number of fundamental studies our knowl- 
edge of the chemistry of the formation of clinker is 
well advanced. As a result of researches on the pure 
compounds prepared synthetically, and mixtures of 
these, it is now fairly well understood which compounds 
are responsible for the various properties of cement. 


Section I 
Chemistry of Portland Cement Clinker Formation from the Standpoint of Equilibrium Diagrams 


In the formation of clinker from its raw materials— 
limestone and clayey material or slag—new chemical 
compounds result, and these compounds have chemical 
and physical properties decidedly different from those 
of the original raw materials. The changes have been 
brought about through the agency ofheat. In fact, high 
temperatures, around 1450°C., are necessary to com- 
plete the reactions. 

Silicate chemistry} is closely allied to mineralogy, 
as many of the compounds formed in silicate reactions 
occur in nature as minerals and others not found in 
nature have definite physical properties, and can best 
be investigated and studied by the methods of deter- 
minative and synthetic mineralogy. The application 
of physical chemistry to the science of mineralogy and 


* Petrographer, Buffington Plant, Universal Atlas Cement Co., 
Buffington, Indiana. 

t That branch of chemistry dealing with reactions and proc- 
esses involving the compounds of silicon (and jn general re- 
actions which are carried out in the dry state—that is, those 
in which water solutions do not play an important part) is some- 
times called “silicate chemistry.” 


the chemical problems of geology has been very valu- 
able, and is essential in the study of silicate chemistry. 
In addition to the well-known laws of chemistry, 
such as the laws of the conservation of matter and 
energy, and the mass law, theye are two general prin- 
ciples of fundamental importance in silicate chemistry. 
The first of these is called Ostwald’s rule and states 
that a substance tends to pass from a less stable to a 
more stable condition through successive changes of 
decreasing instability. The second of these laws is 
known as the principle of Le Chatelier which states that 
three factors or conditions govern a system. These 
facters are concentration (or composition), tempera- 
ture, and pressure. Further, the principle of Le 
Chatelier states that if one of these factors is changed, 
the other factors will tend to adjust themselves so as to 
offset or counteract the effect of the change. In silicate 
chemistry the small changes in pressure ordinarily 
encountered have such a slight effect that for most 
purposes pressure may be neglected, and its effect will 
not be taken into account in the following discussion. 
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In considering silicate systems it is necessary to 
distinguish between phases and components. A phase 
is a homogeneous, physically distinct, mechanically 
separable portion of a system. There may be more 
than one solid phase in a system, and at times more 
than one liquid phase (liquid immiscibility), but never 
more than one gas phase. The components of a 
system are the constituents, the concentration or 
amount of which can undergo independent variation 
in the different phases. 
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ther rise in temperature until it melts to a glass at 
about 1713°C. If a suitable flux is present, quartz can 
be converted by prolonged heating between 870°C. and 
1470°C. to another form of silica known as tridymite. 
These are not the only changes which take place in the 
silica minerals with changes in temperature, but they 
illustrate the effect of that single variable, temperature, 
on a system of one-component. The changes in the 
silica minerals are very important in silica brick which 
is widely employed in the steel industry. 
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A ONE-COMPONENT SYSTEM 


Silica (SiO) (2), may be considered a one-com- 
ponent system. If the mineral quartz, the form in 
which pure silica usually occurs in nature, is heated, 
when a temperature of 575°C. is reached a transforma- 
tion from the low temperature or a form to the high 
temperature or 6 form suddenly takes place. This 
transformation is known as an inversion and is ac- 
companied by a change in volume which is due to a 
change in state or a molecular rearrangement of the 
internal structure. If quartz is heated in the absence 


of a flux, at about 1250°C., an inversion to 6-cristobalite 
takes place. 


The cristobalite is then stable on fur- 


FERGUSON AND MERWIN AMS.SCI. 48, 1651919) 


FIGURE 1 


A TWO-COMPONENT SYSTEM 


When the effect of temperature on a two-component 
system is considered, the data can best be repre- 
sented on a temperature-composition diagram. Such 
diagrams are sometimes called binary-phase, or equi- 
librium diagrams. Figure 1 shows such a diagram as 
worked out experimentally by the Geophysical Labora- 
tory. Temperatures are indicated vertically and com- 
positions horizontally. Each point, line, and area on 
the diagram means something definite. Any point 
chosen on the diagram represents a particular composi- 
tion and a definite temperature, which is shown by 
reference to the temperature and composition axes. 
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The vertical lines are known as solidus lines and indicate 
conditions existing in the solid state at various tem- 
peratures. The curved lines, A-B, B-C, etc., are 
called liquidus lines and show the compositions of all 
liquids which at that temperature can be in equilibrium 
or coexist with solid matter in the system. The area 
above the liquidus lines shows the compositions and 
temperatures of all unsaturated liquids in the system. 

Some compounds are capable of existing in more 
than a single crystalline form, one of which is stable 
over certain temperature ranges. This was shown 
to be the case with silica. Not all compounds melt 
into a liquid of their own composition when heated. 
Those that do are said to melt congruently. Some 
compounds, when a certain temperature is reached, 
melt incongruently; that is, decompose into a liquid 
of a certain composition and a solid of another com- 
position. Such is the case with 3CaO-2SiO, which at 
a temperature 1475°C. decomposes into a liquid of 
composition E and 2CaO-SiO,. This fact is shown on 
the diagram by tracing up the line N-M. Tricalcium 
silicate (83CaO-SiO.) decomposes at 1900°C. (point P 
on the diagram) into lime and dicalcium silicate. 
These two compounds are then stable from 1900°C. 
to 2065°C. at which temperature they react together 
to form a liquid of composition G. 

Compositions which are the lowest points on two 
liquidus lines are called eutectics and represent liquids 
which may be in equilibrium with two solid phases at a 
definite temperature. A eutectic is, therefore, the 
lowest melting mixture of the two solid phases with 
which it can be in equilibrium. Some liquids can be in 
equilibrium with two solid phases and yet not be the 
lowest point on the liquidus lines of both. These are 
called invariant points, not eutectics. Point E is such 
a point. 

By means of an equilibrium diagram it is possible 
to predict, precisely, what a system will consist of at 
any temperature, providing its composition may be 
represented on the diagram, and assuming it has been 
held at the temperature in question a sufficient length 
of time for equilibrium to have been reached. It is 
also possible to predict what will happen, and at what 
temperature, to any composition on the diagram, 
either on cooling or heating. For example, if a com- 
position represented by the point x, consisting of 80% 
SiO, and 20% CaO, is maintained at a temperature of 
1680 °C. the diagram shows that it will be a liquid which 
is not saturated with either lime or silica. On cooling 
such a composition, it would remain entirely liquid until 
a point on the liquidus was reached at a temperature 
of about 1650°C. At this temperature, the liquid 
would be saturated with silica and on cooling below this 
temperature, cristobalite, a form of silica, would cry- 
stallize or precipitate from the liquid. As silica was 
abstracted from the liquid it would change in com- 
position along the line A-B, in the direction of B. 
Continued decrease in temperature would increase the 
amount of solid (cristobalite) at the expense of the 
liquid which would be continually changing in com- 
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position until a temperature of 1436°C. was reached, 
at which temperature the composition of the liquid 
would be at B. Since B represents the eutectic in 
equilibrium with CaO-SiO, as well as silica, the former 
compound would appear in the solid phase; and both 
would crystallize together, with the composition of the 
liquid remaining at B, and the temperature remaining 
constant until all of the liquid had disappeared. Fur- 
ther abstraction of heat from the system would lower 
the temperature, and such changes as would take place 
would be in the solid phases, as indicated on the dia- 
gram. 

In heating an intimate mixture of lime and silica, of 
composition x, changes would take place in the reverse 
order of those described for cooling the melt. The 
diagram not only shows what takes place qualitatively, 
but by means of a method known as the “‘lever reac- 
tion,’”’ which will not be discussed, it is possible to show 
graphically on the diagram the relative proportion 
of liquid to solid or solid to solid at any temperature 
for any composition in the system. This quantitative 
relationship may also be obtained algebraically. 


TRICALCIUM SILICATE 


Tricalcium silicate is conceded to be the most 
important hydraulic compound in portland cement. 
The diagram, Figure 1, shows that tricalcium silicate 
does not appear on the liquidus in the two-component 
system. That means that it cannot be crystallized 
from a melt as the primary (first) crystal phase in 
mixtures of lime and silica. On cooling a melt of the 
composition of tricalcium silicate, lime crystals would 
first appear. Later at a temperature of 2065°C. di- 
calcium silicate would appear and the two phases 
would crystallize together until all of the liquid G 
had disappeared. The two phases, lime and dicalcium 
silicate, would be stable until the temperature had 
dropped to 1900°C. at which temperature these two 
solid phases would react together to form tricalcium 
silicate. As the reacting phases at this temperature 
would both be solids, the reaction would be slow. If 
sufficient time were not allowed before cooling too far, 
equilibrium would not be reached and further cooling 
would result in a mixture df tricalcium silicate and 
lime and dicalcium silicate. This is one reason why so 
many investigators have failed to obtain tricalcium 
silicate by cooling down a melt of that composition, 
and some, particularly in Germany, have denied the 
existence of this compound. The best way to form the 
compound is to heat a mixture of lime and dicalcium 
silicate below 1900°C. As the diagram shows, even 
when once formed, the compound decomposes at this 
temperature to form lime and dicalcium silicate. 

In the manufacture of portland cement the reac- 
tions are essentially those brought about by heating 
mixtures, and they take place largely in the solid state 
during the heating process. This, as has been in- 
dicated, is a most effective way to form tricalcium 
silicate. 

Figure 1 shows that dicalcium silicate can exist in 
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more than one form. It is well known that this 
mineral inverts with a sudden increase in volume from 
the high temperature to the y or low temperature form 
on slow cooling. Certain factors tend to prevent this 
inversion. For example, sudden cooling of the high 
temperature forms from a sufficiently high temperature 
inhibits and frequently prevents the transformation 
of the high temperature form to y dicalcium silicate. 
Often the inversion takes place some time after cooling 
and when this happens the “dusting” or disintegration 
of a mass containing dicalcium may be observed. 
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Figure 2 shows the ternary system CaO-Al,0;- 
SiO, as worked out by investigators at the Geophysical 
Laboratory. The sides of the triangle represent the 
three binary or two-component systems which taken 
together form the three-component system. Tem- 
perature cannot be indicated as a variable within the 
plane of the triangle, but is represented in space in a 
direction perpendicular to the triangle which then 
becomes the base of a space model. The more im- 
portant temperatures on the diagram, such as melting 
points of ‘compounds, and invariant points are in- 
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FIGURE 2 


THE THREE-COMPONENT SYSTEM CaO-Al,03-SiO» 


In the two-component system, compositions were 
‘represented on one axis and temperatures on the other. 
‘In a system consisting of three components, or end 
members, composition can be represented on a tri- 
angular diagram. Any point within the triangle ex- 
presses fixed proportions of the end members. A 
corner of the triangle represents 100% of that com- 
ponent, and mixtures of any two are shown on the side 
involving those two. By dividing the triangle with 
lines parallel to each of the sides, the composition of 
any point on the diagram can be readily determined 
graphically.* 


dicated in figures. From these data, it is possible to 
ascertain the directions of falling temperature along 
boundary lines, etc. 

Besides the various binary compounds indicated on 
the sides of the large triangle, there are two ternary 
compounds formed in this system. These are anor- 
thite (CaO-Al,O;-2SiO2), and gehlenite (2CaO-Al,Os3-- 


* “Since every point within the triangle has the property that 
the sum of the perpendiculars from that point to the sides of the 
triangle is equal to unity (the height of the triangle), the com- 
position of a ternary mixture can be represented by fixing a point 
within the triangle such that the lengths of the perpendiculars 
from the point to the sides of the triangle are equal respectively 
(3) the fractional amounts of the three components present’? 

3). 
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SiO2), the compositions of which are shown by black 
dots near the names. The irregularly bounded areas 
labeled lime, anorthite, corundum, etc., are the fields 
of primary crystallization of the various compounds. 
Any composition lying within one of these areas will 
deposit that compound from a melt on cooling as the 
first or primary crystal phase. The subtriangles formed 
by joining points representing the compositions of those 
compounds whose fields of primary crystallization 
meet are called composition triangles. Any composi- 
tion which falls within one of these composition tri- 
angles will consist of the three compounds at the corners 
of the subtriangle when equilibrium is finally reached. 

The progress of heating or cooling a composition on 
the ternary diagram can be followed in a manner 
similar to that indicated for the two-component sys- 
tem.* 

As the three oxides, lime, alumina, and silica, con- 
stitute by far the greater part of the composition of 
portland cement, cement clinker can be considered from 
the standpoint of the ternary system. If cement com- 
positions are expressed in terms of lime, alumina, and 
silica, and plotted on the diagram it is found that they 
usually fall within the composition triangle C;S- 
C.S-C;A,f generally in the vicinity of point 18. 
Neglecting the minor oxides, the diagram shows that 
when the portland cement mix is completely matured 
by heat it will consist essentially of the three com- 
pounds at the apexes of the composition triangle in 
which it falls. 

Inspection of the diagram shows that in heating a 
portland cement mixture consisting of lime, alumina, 
and silica, if the mixture falls within the composition 
triangle C;S-C.S-C;A, the first liquid will form at 
1455°C. (point 16 on the diagram). This is the case 
because the liquid at point 16 is the only liquid which 
can be in equilibrium with tricalcium silicate, dical- 
cium silicate, and tricalcium aluminate. In actual 
practice the temperature of liquid formation is lowered 
by the iron oxide and other minor constituents which 
contribute to the liquid phase. As the temperature is 
increased the amount of liquid phase increases at the 
expense principally of tricalcium aluminate, and when 
all the tricalcium aluminate has disappeared the 
composition of the liquid changes along the boundary 
line 16-18, in the direction of 18. In clinkering, a 
temperature is never reached such that the entire 
mass is liquid, but the presence of the liquid phase 
greatly promotes the formation of tricalcium silicate. 

One or two additional points which are made ap- 


* The method of making use of ternary diagrams in order to 
determine the reactions taking place, and the progress of heating 
and crystallization in the system, with a full discussicn of the 
lime, alumina, silica system is given by Rankin and Wright (4) 
in a paper entitled, ‘“The ternary system, lime—alumina-silica.”’ 

t Frequently in the discussion of equilibrium diagrams, such 
abbreviations are used: C = CaO, C:S = 2CaO-SiOn, ete. 


‘ 
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parent from the diagram may be mentioned. For ex- 
ample, the final products of equilibrium in a portland 
cement mixture will be greatly influenced by a relatively 
small change in the proportion of lime. The diagram 
also shows that a small increase of lime in a clinker high 
in lime will greatly increase the refractoriness of the 
mixture, thereby making necessary either high tem- 
peratures or longer heat treatment at the same tem- 
perature. If the composition should be so high in 
lime as to fall within the composition triangle, C;S- 
C-C3A, it would be ‘‘over limed,’’ and no amount of 
heat treatment could combine all the lime at equi- 
librium. 


FOUR-COMPONENT SYSTEMS 


The amount of iron oxide present in grey portland 
cement is sufficient so that its function cannot be 
neglected. If this constituent is considered, grey 
cement compositions must be treated from the stand- 
point of four components, and properly fall into the 
four-component system, CaO-Al,O3-SiO2-Fe,0;. Four 
components can be graphically represented in space 
as the apexes of a tetrahedron. The working out of 
the entire four-component system mentioned would 
be an almost impossible task, but portions of the 
system have been worked on by treating certain parts of 
it as two- and three-component systems, within the 
tetrahedron. The Portland Cement Association Fel- 
lowship at the Bureau of Standards has investigated 
the portion of the four-component system in which 
portland cements usually lie. Asa result of their work 
a new compound, 4CaO-Al,O;-Fe,03, was identified 
and established as a constituent of grey cement clinker. 
On the basis of this work it is now possible to calculate, 
either graphically or algebraically, the mineral con- 
stitution of cement or cement clinker from an accurate 
chemical analysis. 

Even a limited discussion of silicate equilibrium dia- 
grams is not complete without a few words as to the 
method of working them out. Briefly, this is done by 
heating mixtures, the compositions of which have been 
prepared to represent definite points on the diagram 
and then examining with the petrographic microscope 
these heated compositions after annealing or quench- 
ing at different temperatures to determine the identity 
of the phase or phases present in the system at the 
temperature in question. Over 7000 such heat treat- 
ments and petrographic examinations were made in 
working out the lime-alumina-silica system at the 
Geophysical Laboratory. Incidentally, this work was 
initiated and carried out in a fundamental study of 
natural minerals and rocks, but a vast amount of knowl- 
edge and information of great import to the portland 
cement industry, as well as those industries utilizing 
silicate slags in metallurgical processes, has resulted 
from this and other allied studies. 
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Section IT 
Petrographic and X-Ray Methods as Applied to Portland Cement 


Up to about fifteen or twenty years ago, cement 
manufacture was an art rather than an industry based 
upon scientific control, and it was found largely by 
trial that certain raw materials and rather definite 
proportions of these lent themselves to the manufacture 
of portland cement clinker of desirable properties. 
Gradually it was realized that the processes involved 
and the resulting products are subject to the laws of 
physics and chemistry. It was discovered that as the 
raw materials are heated during clinkering, new com- 
pounds are formed and that these compounds as pre- 
viously mentioned have distinctive physical and chemi- 
cal properties. 

For many years knowledge of the nature of the 
products formed during the clinker process in cement 
manufacture was based entirely upon chemical analysis. 
Chemical analysis shows what oxides are present, 
and the amount of each, but does not show how the 
oxides in a heterogeneous mixture are combined. To- 
day we believe that the properties of a mixture of sub- 
stances which has been subjected to chemical processes 
are due to the resulting compounds, and are not simply 
the properties of the constituent oxides or substances. 

Between 1880 and 1900, Le Chatelier in France and 
Tornebohm in Sweden, independently of each other, 
introduced as a new tool into the field of cement study, 
the petrographic microscope. The use of this instru- 
ment has been of the greatest importance as it has 
enabled the positive identification of the individual 
minerals in clinker, by the precise measurement of 
their optical constants; and has thus led to investiga- 
tion and knowledge of their individual chemical and 
physical properties, as well as an understanding of the 
constitution of clinker. 

Le Chatelier and Tornebohm followed by others 
found that well-burned clinker consists of crystalline 
minerals, They agreed that certain minerals are 
generally present, and gave them different names, but 
were not agreed on the chemical nature of the in- 
dividual minerals. Due to the fact that the minerals 
generally form or grow in exceedingly small grains or 
crystals, usually not visible to the naked eye, it has not 
been practical to separate them from each other and 
thus study their individual chemical and physical 
properties. For this and other reasons, a long con- 
troversy as to the character and properties of these 
minerals followed; and it remained for the Geophysical 
Laboratory of the Carnegie Institution at Washington, 
and the Portland Cement Association Fellowship at the 
Bureau of Standards in Washington, to clear up this 
problem. By a microscopic and ‘‘phase rule” investi- 
gation of the three-component system, lime—alumina-— 
silica, the scientists at the Geophysical Laboratory 
found that the chief minerals present in portland 
cement clinker are tricalcium silicate, dicalcium silicate, 
and tricalcium aluminate. Their studies did not 





include iron oxide which is always present in grey 
cement. However, the recent work already referred to 
has shown, by methods similar to those used at the 
Geophysical Laboratory, that iron oxide enters a 
compound represented by the type formula, 4CaO-- 
Al,O3-Fe.0;. It has thus been established that four 
major minerals form in portland cement clinker. Ex- 
perimentation with these minerals prepared syntheti- 
cally has explained the functions of these different com- 
pounds in cement. It has thus been found that tri- 
calcium silicate and to a lesser extent the high-tem- 
perature form of dicalcium silicate are responsible for 
the strength of portland cement, and that the alumi- 
nates cause the initial set which it is necessary to govern 
by the addition of sulfates (usually gypsum) to the 
ground clinker. Just as natural minerals vary some- 
what in composition, and as a result of these varia- 
tions the physical properties vary, we find slight varia- 
tions of the optical properties of minerals in clinker. 

In the strictest sense a mineral is a homogeneous 
substance found in nature, which has definite physical 
properties and a characteristic composition. Many 
of the minerals found in nature can be produced syn- 
thetically in the laboratory or in industrial processes. 
Minerals thus produced are called synthetic or artificial 
minerals. Some artificial minerals are not found in 
nature. The minerals formed in cement clinker are 
synthetic minerals. A chemical formula represents 
definite proportions or amounts of the oxides, elements, 
or compounds it involves. For the reason that miner- 
als are not always of exact definite composition, a 
formula may not always represent the true com- 
position of a mineral although minerals may be con- 
sidered to have type formulas. The tendency of 
minerals to vary in composition is explained by ‘‘solid 
solution’’—meaning the replacement of an element or 
compound, to a greater or less extent, by another of 
similar chemical or physical properties without de- 
stroying the homogeneity of the mineral. 

It is frequently asked how it is possible for crystals to 
form in a mass which is heated below the point of 
complete melting. It is now well known that many 
substances can react in the solid state, particularly 
at high temperatures, to form new compounds. It is 
also known that certain substances, which together 
with the others form a low-melting liquid and are 
known as fluxes, promote the reactions. In the clinker- 
ing process, the aim is to form a large amount of 
tricalcium silicate by a reaction between lime and 
silica. As a matter of fact, the lime and silica prob- 
ably first react at relatively low temperatures to form 
dicalcium silicate and later at higher temperatures the 
dicalcium silicate reacts with more lime to form tri- 
calcium silicate. It is this latter reaction which is 
the most difficult one to effect, and it is chiefly to pro- 
mote this one that the fluxes are necessary. Later 
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as the mass cools after leaving the hottest zone of the 
kiln, the part which was liquid or pasty in the kiln 
solidifies and the resulting mass is chiefly or entirely 
crystalline. 

The petrographic or polarizing microscope differs 
from the ordinary or compound microscope, in that 
it not only magnifies but also produces polarized light. 
By means of the effect of polarized light on crystalline 
substances, enabling the measurement of their optical 
constants and other characteristics which can be ob- 
served under the microscope, it is possible to identify 
the various minerals present in a crystalline mass. 
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indices of tricalcium silicate are close to 1.715. The 
mineral has low double refraction and is uniaxial or 
slightly biaxial-negative.* The optical data of Wright 
were determined upon the pure synthetic compound. 
In portland cement clinker the refractive indices of 
this mineral are generally found to be measurably 
higher than those of the pure compound, with the 
minimum index about 1.721 or greater. This is in- 
dicative of a slight but significant variation in chemical 
composition. Andersen and Lee (5) report that 
in basic open-hearth slags this mineral is frequently 
colored green and also has refractive indices higher 





FIGURE 3 


Figure 3.—Thin section of a fragment of portland cement clinker in ordinary light. 
which often have straight edges and parallel sides are tricalcium silicate. 
Dark patches without regular shape or outline are the iron oxide compound. 


colored or turbid are dicalcium silicate. 


Figure 4.—Same as Figure 3, except that polarized light was used instead of ordinary light. 


FIGURE 4 


The large transparent grains 
The rounded grains which are frequently 


A large black void in 


the section is seen near the outside edge of the lower left-hand quadrant. 


As pointed out, the petrographic microscope made 
possible the identification, with certainty, of the 
minerals formed in clinker. In addition to enabling 
the detection of the individual minerals in a sample 
of burned clinker, it is possible by means of the micro- 
scope to make a fair approximation of the relative 
proportions of the various minerals, under favorable 
conditions, and thus observe how complete the burning 
process has been. Figures 3 and 4 show photomicro- 
graphs of a small part of a thin section of well-burned 
portland cement clinker. 

Free lime (uncombined calcium oxide) can be iden- 
tified by means of the microscope, and a large amount 
of it in burned clinker indicates one of two things; 
either that the raw mix was too high in lime to start 
with, or that the reaction of lime and silica was not 
completed, which may have been due to improper mix- 
ing or grinding of the raw materials, or insufficient 
heat treatment in the kilns. ‘ 


TRICALCIUM SILICATE 
According to Rankin and Wright (4) the refractive 


than the pure compound—further evidence of solid 
solution. © 


DICALCIUM SILICATE 


Probably the next most abundant constituent to tri- 
calcium silicate in grey portland cement clinkers is 
dicalcium silicate. In some white cement clinkers this 
mineral may, however, form the most abundant con- 
stituent. Although dicalcium silicate (8 form) has hy- 
draulic properties, its cementing value at early periods 
has been shown by different investigators to be low. 

The high-temperature form of dicalcium silicate has 
an average refractive index quite close to that of tri- 
calcium silicate, but in cement clinkers differs from it in 
being distinctly biaxial and positive. Its most char- 
acteristic diagnostic property, especially in thin section, 
is its higher birefringence. Its mode of development 





* The recent work of Andersen and Lee (5) on tricalcium sili- 
cate crystals extracted from basic open-hearth slags has shown 
that the crystals belong to the trigonal system and have a 
rhombohedral development. 
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in clinkers is also distinctive, the crystals always lacking 
prismatic development and generally forming bunch- 
like groups of rounded grains. Polysynthetic twinning 
is sometimes observed, and when present is of diagnostic 
value. At times dicalcium silicate is green in color or a 
turbid brown. 

The low temperature or gamma form of dicalcium 
silicate is not usually found in fresh well-burned clinker. 
When it is present in dusted, or old clinker, its refractive 
indices and appearance are means of detection. 


TRICALCIUM ALUMINATE 


Tricalcium aluminate is reported to crystallize in the 
isometric system. Rankin and Wright give 1.710 as 
the refractive index for the pure compound, which index 
is very close to that of tricalcium silicate and makes 
differentiation by means of the microscope difficult. 
As a matter of fact, this compound is not usually ob- 
served by means of the microscope in clinker and re- 
course to the use of X-rays (6) must be taken to show its 
presence. 
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they become visible. Another limitation is that some 
substances are opaque or practically so, and do not 
transmit light even when finely powdered; thus, they 
do not permit the usual microscopic determinations 
depending on the transmission of light. 

To furnish an insight into materials which do not lend 
themselves to study with the petrographic micro- 
scope, the methods of X-ray crystal analysis are rapidly 
coming into use. 

Present X-ray methods are based upon the fact that 
when a powdered crystalline material is subjected to X- 
radiations and the resulting diffraction spectrum photo- 
graphed, an X-ray diffraction pattern is obtained, which 
consists of a series of lines in definite positions. Each 
crystalline chemical compound when X-rayed in this 
manner has a characteristic diffraction pattern which 
always appears the same with respect to the order 
and relative intensity of the lines, whether the com- 
pound is present in a pure state or intermixed with 
other compounds. Glasses and amorphous substances 
do not yield diffraction patterns similar to those of 


FIGURE 5 


TETRACALCIUM-ALUMINO FERRITE 


Phase studies (7) have shown that tetracalcium- 
alumino ferrite forms a complete series of solid solutions 
with dicalcium ferrite. Guttmann and Gille (8) showed 
that manganese oxide can replace part of the iron oxide 
in this compound. Tetracalcium-alumino ferrite is 
readily detected by means of the microscope; its high 
refractive index, brown color, and pleochroism are 
distinctive. This compound forms an interstitial mass 
between the crystals of the silicates and may be mis- 
taken for a dark glass, due to its lack of crystal outline 
and its dark color. 


LIME 


Small amounts of lime crystals are observed in most 
fresh clinkers. Their chief characteristics are iso- 
tropism, cubic cleavage, high refractive index, and 
their rounded form. 

It is evident that the microscope is and has been a 
very useful tool in cement research, and also has an 
everyday application in the manufacture of portland 
cement clinker. However, the microscope has limita- 
tions, and one of these is that it is not possible to 
magnify particles which are below a certain size so that 


crystals. This is because the diffraction pattern de- 
pends upon the arrangement of the atoms of the sub- 
stance in parallel planes. The difference between the 
crystalline state and the amorphous or glassy condi- 
tion is that the atoms in the former are regularly mar- 
shaled, whereas the atoms or molecules of the latter 
are not arranged in definite order. 

Figure 5 shows a print of a film obtained when a 
sample of portland cement was X-rayed by the powder 
method. It will be observed that the patterns are 
divided by a horizontal black line across the film. This 
is caused by a partition which divides the patterns from 
the two sides of the sample tube, or other holder. By 
placing different substances in the different halves of 
the sample tube, it is possible to obtain a pattern from 
one on one side of the film, and a pattern from the 
other on the other side of the film. In this way it is 
possible to compare directly on the same film the pat- 
terns from an unknown sample with that of a known 
one. In cases where the positions of the lines are to be 
measured it is necessary to employ a standard material, 
the positions of whose lines are known, in order to ob- 
tain fixed reference lines. 

As the sample X-rayed by the powder method con- 
tains an infinite number of fine particles, some of which 
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are oriented in every conceivable position, the lines ob- 
tained on a film represent reflections from all possible 
crystal faces. By the application of mathematical 
calculations, it is possible, when sufficient data have 
been obtained, to calculate the distance between the 
layers of atoms of the crystal. These distances are 
exceedingly small, and as ordinary units are far too 
large, a unit called an Angstrém unit, A.U., is used. 
An A.U. = 107° or one-one-hundred-millionth of a 
centimeter. 

In a paper on “The X-ray Method Applied to a 
Study of the Constitution of Portland Cement,” by 
Brownmiller and Bogue (6), results obtained by an X- 
ray study of portland cements and of the mineral con- 
stituents are given. In the summary the authors state, 
“The results obtained in this investigation by X-ray 
methods are in agreement with those obtained by 
phase equilibria, chemical and microscopical methods. 
Each supplements and confirms the other. Taken to- 
gether the cogency of the findings becomes convincing. 
These findings define the constitution of portland 
cement clinker. They indicate that the most abundant 


constituents are tricalcium silicate and beta dicalcium 
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silicate; that there are normally present, in addition, 
tricalcium aluminate, tetracalcium-alumino ferrite, and 
magnesia; and that free CaO is not normally present in 
amounts as great as 2.5 per cent.” 
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KNOWLEDGE of the CHEM- 
ISTRY of VITAMIN A’ 


The steps leading up to the recent synthesis of perhydro 
vitamin A by Karrer and his co-workers are reviewed con- 
cisely, as well as other attempts made to reach this same 
goal. The significance of ionene as a degradation product 
of vitamin A is discussed and the synthesis of the former 
is outlined. The possibility of many vitamin A tsomers 
is pointed out and the fascinating opportunities of 
startlingly important discoveries in this field of investiga- 


tion. 
++ oe + + + 


NE OF THE very important outcomes of the 
() intensive studies carried out during the past 
few years in the field of the carotenoid (lipo- 
chrome) plant pigments has been the determination of 
the constitution of perhydro vitamin A and its final 
synthesis by Karrer, Morf, and said (1), (2), which 

latter has just been announced. : 
* Address delivered before the New England Association of 


Chemistry Teachers at their 147th meeting, Connecticut College, 
New London, Conn., Saturday, October 14, 1933. 


MARSTON TAYLOR BOGERT 


Columbia University, New York City 








It seems fitting therefore at this time to review briefly 
some of the experimental observations which supplied 
the foundation for the construction of a tentative con- 
stitutional formula for vitamin A, and to outline the 
methods which are being employed by the organic 
chemist to establish the truth or falsity of this hypo- 
thetical structure, methods which have already resulted 
in convincing proof that the carbon skeleton assumed 
in this formula is actually that present in vitamin A. 
This is one of the brilliant triumphs of synthetic or- 
ganic chemistry of the current year, and was achieved 
by Karrer and his associates in the laboratories of the 
Chemical Institute of the University, Ziirich, Switzer- 
land. 

In ‘‘Carotenoids and Related Pigments,” by Leroy 
S. Palmer (Am. Chem. Soc. Monograph Series, Chemical 
Catalog Co., Inc., New York, 1922), an admirable re- 
view of this subject is given, covering the period prior 
to 1922; and in the April, 1932 number of Chemical 
Reviews, pages 265-95, will be found an article by 
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your speaker, entitled ‘Recent Isoprene Chemistry,” 
which records some of the more interesting develop- 
ments in this same field during the decade which 
followed. 

The results to date seem to support strongly the 
hypothesis that the immediate progenitor of vitamin A 
is carotene, one molecule of the latter, CioHs., being 
hydrolyzed into two of the former, CapH300. Olcott 
and McCann (3) have suggested that this cleavage 
may be caused by an enzyme, for which they propose 
the name “‘carotenase.”” Whatever the correct mecha- 
nism of its origin from the parent carotene, the 
chemical constitution of the latter must be of influence 
in determining the configuration of the vitamin mole- 
cule derived therefrom. 

At present three carotenes, all CioHss, appear to be 
recognized and fairly well characterized. These are 
known as the a-, B-, and y-forms and possess the 
following properties: 


M. P. Max. absorption (CS2) [a]ess 
Alpha 183° 509, 477, 448 mu + 385° 
Beta 183° 520, 485, 450 mu inactive 
Gamma 178° 533, 496, 463 my inactive 


In addition to these it is not at all unlikely that other 
isomeric carotenes may be discovered in nature or pre- 
pared synthetically. From which it follows that there 
may be also various isomers of vitamin A, such isom- 
erism arising from differences in the structure of the 
carbon skeleton, in the location of the unsaturations, 
or in the spatial arrangement of the atoms. Further, 
it may be pointed out that it is not at all impossible 
that lycopene, the red carotenoid pigment of the 
tomato, an isomer of carotene, may likewise give rise 
to vitamin A types, or that something of this kind may 
happen also in the case of those other carotenoids, like 
the xanthophylis and related compounds, of CyoHs0, 
type, which are believed to be merely hydroxylated 
derivatives of the simple CyoHss carotenes. The field 
thus envisioned is vast, complicated, and intricate, and 
no one can foretell what will be discovered there of 
importance to chemistry and of benefit to mankind. 
Therein lies its allure, its fascination, and its reward. 

So far as the a-, 

B-, and y-carotenes _ e 
are concerned, , 
structural formulas 4%¢ 


CH, CH, 
! | 





> | | of \ 
C—CH=CH—C=CH—CH =CH —C=CH—CH =CH —CH=C —CH=CH—CH=C—CH=CH—CH CH, 





have been proposed He (o—cth iets 
for the first and chi, 
second, but none as | 
yet for the third. as ine 
The constitution < 
of a-carotene, as "© COOH 
deduced by Karrer, "¢ 0cH, 
Morf, and Walker CH, 
(4), is shownin (I), "™** me 


while that assigned 
to vitamin A by 
Karrer, Morf, and 
Schépp (1, 2, 5) is 
represented by (II). 


L » | | 
HC —CH=CH—C=CH—CH=CH — C =CH—CH,0H 


H,C 


CONSTITUTION OF alpha-CAROTENE AND OF VITAMIN A 





C—CH, 
CH, 


CH, 


vitamin A 
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B-Carotene, the inactive isomer; is believed by 
Karrer (6) to differ from the a-isomer in having the 
cycles at the ends of the chain the same. This means 
that the 6-carotene contains a B-ionone cycle at each 
end of the chain, which on ozonolysis yields only geronic 
acid. The a-isomer, on the contrary, has a 8-ionone 
cycle at the left and an a-ionone cycle at the right end 
of the chain, and when ozonized gives both geronic and 
isogeronic acids. Further, the asymmetric carbon 
(indicated by the asterisk) of the a-ionone cycle is 
assumed to be the cause of the optical activity of a- 
carotene as against the inactivity of its B-isomer. Of 
course, the interesting thought immediately obtrudes 
that if vitamin A is really produced by some sort of 
hydrolytic cleavage of carotene, then a-carotene should 
give rise to two different vitamins, one containing the 
a- and the other the B-ionone cycle. 

Some of the considerations which led to the proposal 
of this vitamin A formula were the following: 

1. Analysis agreed with the molecular formula 
CooH 300. 

2. Catalytic hydrogenation added 10 atoms of 
hydrogen and gave a product C29H4O. 

3. Its molecular weight in camphor was 300 to 320. 

4. The compound was optically inactive. 

5. With concentrated sulfuric acid, an intense 
violet-red color developed, similar to that given by 
dihydrocrocetin, from which Karrer reasoned that, 
like the latter, it probably contained a conjugated 
system of six olefin bonds. 

6. Potassium permanganate oxidation showed 9.7% 
of methyl carbon oxidized to acetic acid, as against 
11.2% in the case of carotene. This gives an approxi- 
mate measure of the :C-CMe: groups present. Chromic 
oxide, which causes more extensive oxidation, yielded 
16.3% of acetic acid. 

7. Ozonolysis resulted in the production of geronic 
acid, which increased in amount with increase in the 
Lovibond figure of the material ozonized. This sug- 
gested the presence of the f-ionone cycle previously 
detected in carotene. 

8. As shown by Bachrach and Smith (7), it is an 
alcohol from which 
esters can be pre- 
pared, and _ these 
esters yield the 


H,C CH, 
Le 


CH, CH, Cc 


(1) mcm ot original alcohol 
cH when saponified by 
| alcoholic alkali. 

HC. CH, 9. If carotene is 
\Z . 
a the actual progeni- 

mC CH, tor of vitamin A, it 
H,co¢ CH, is unlikely that the 
Hood structure of the lat- 


isogeronic acid 


ter will differ radi- 
cally from that of 
its parent molecule. 

Recognizing the 
difficulty of di- 
rectly synthesizing 


CH; 


(11) 
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such a highly unsaturated structure as that assigned to 
vitamin A, Karrer wisely decided that the first line of 
attack upon the problem should be the definite es- 
tablishment of the carbon skeleton of the molecule, and 
that this probably could be achieved most readily by 
working with the perhydro compounds. He there- 
fore prepared as pure a vitamin A as he could, reduced 
it catalytically to the perhydro condition by saturating 
all the olefin bonds, and determined carefully the physi- 
cal and chemical properties of the latter. The next 
task was the synthesis of such a 1,1,3-trimethyl cyclo- 
hexane with a dimethylated nonane side chain at 2, 
this side chain carrying a terminal primary alcohol 
group. The trails blazed in the search for this goal 
can be described but briefly. 

(1).—Karrer, Salomon, Morf, and Walker (8), began 
with a-ionone (III), which was condensed with allyl- 
magnesium bromide (IV) to the: unsaturated alcohol 
(V). When this alcohol was heated with phenyl 
isocyanate, the unsaturated hydrocarbon (VI) was ob- 
tained: 


Me 

| 
 inailinaeandit veasiiieniatiene -CO + BrMgCH:CH:CH: ——> 
CH=CH —CMe 


(III) (a-ionone) 


(IV) 


Me 
—cH:cH.¢.CH:CH:CE: + CaNCO —> 
OH (V) 
Me 
—CH:CHC:CH-CH:CH: (VD 

The constitution of the latter (VI) was proved by 
the facts that on ozonolysis, it yielded 23.4% of the 
calculated amount of isogeronic acid; by oxidation 
with chromic oxide, 2 molecules of acetic acid; and 
with permanganate, which attacks only the methyl 
group of the side chain, one molecule of acetic acid. 
In chloroform solution, it gave with antimony tri- 
chloride a deep brownish red solution of violet tinge. 

Strangely enough defa-ionone, subjected to the same 
reaction with allylmagnesium bromide, did not behave 
similarly. Little or no alcohol was formed, and it 
appeared that the bromide had added to one of the 
ethylene bonds. 

(2).—The trail which finally led Karrer and his co- 
workers (1), (2), (8) to the goal utilized the Reformat- 
sky reaction to build up from f-ionone (VII), bromo- 
acetic ester, and zinc, the unsaturated ester (VIII) 
(probably a mixture of stereoisomers), the intermediate 
hydroxy acid losing water spontaneously under the 
conditions of the experiment. This unsaturated ester 
was reduced catalytically to the corresponding satu- 
rated ester (IX), which was in turn reduced by sodium 
and alcohol to the corresponding alcohol (X), and this 
yielded the bromide (XI) when treated with hydrogen 
bromide. When an attempt was made to use the 
magnesium derivative of this bromide ‘with chloro- 
methyl ether, so as to secure the ether (XII) for further 
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lengthening of the side chain, only a little of this prod- 
uct was formed, together with some hydrocarbon, ap- 
parently by loss of hydrogen bromide from the original 
bromide (XI). One of the main products of this re- 
action was a bimolecular condensation, resulting in a 
methylated dicyclohexyldecane (XIII), which may be 
regarded as a perhydrosqualene (XIV) cyclized at both 
ends, like the carotenes. 


SYNTHESES FROM §-IONONE AND BROMOACETIC ESTER 

Me 
CH:—CMe—c—cH:cH.co + H:CBr-COOR + Zn —> 
drt—CH— Chee (VII) 

Me 
 ndiliaataiil’ Slates E cH :CH-COOR 
CH:—CH:—-CMe + catalytic reduction ——> 
CH2—CMe:—CH—CH2-CH2-CHMe-CH2-COOR (IX) 

+ Na + alcohol ——> 
-CH:OH (X) + HBr —> 


-CH2Br (XI) + Mg + CICH;0Me —> 
-CH2-CH20Me (XID) 


ea —_ 
CH:—CH:—-CHMe 
CH:—CMe=CH—CH:2-CH2-CMe: CH-CH: — 


| 
CH:—CH=CMez 


(VIII) 


| 
CH:—C H:—CHMe 


(XIII) 


(Squalene) 
(XIV) 


The results of the reaction of the bromide (XI) with 
chloromethyl ether, CICH,OMe, having proved so un- 
satisfactory, sodiomalonic ester was substituted for the 
latter and when this was heated with the bromide, first 
at ordinary pressure and then at 150° in a sealed vessel, 
the desired condensation was effected and the bibasic 
ester (XV) formed. 

Without stopping to isolate this ester, it was saponi- 
fied to the free acid and the latter was heated to drive 
out one molecule of carbon dioxide and produce the 
monobasic acid (XVI). By the action of thionyl] chlor- 
ide, this was changed to the acid chloride (XVII), and 
the latter when heated with methylzinc iodide yielded 
the corresponding ketone (XVIII), which was purified 
by crystallization of its semitarbazone. 

This ketone next was subjected to the Reformatsky 
reaction with bromoacetic ester and zinc, and the hy- 
droxy acid (XIX) was isolated. Attempts to dehydrate 
this by treatment with phosphorus pentoxide gave such 
poor yields of unsaturated acid that it was found prefer- 
able to replace the OH by Br through the action of 
hydrobromic acid and then reduce this bromo acid (XX) 
by copper-plated zinc in acetic acid solution, to get the 
saturated acid (XXI), instead of depending upon a 
catalytic reduction of the small quantity of unsaturated 
acid formed in the phosphorus pentoxide treatment. 

Reduction of this saturated ester to the corresponding 
alcohol (XXII) yielded a product identical in all 
respects with the perhydro vitamin A prepared by 
direct reduction of the natural vitamin. 
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SYNTHESIS OF PERHYDRO VITAMIM A 


CH:—CMe:—CH—(CH:2)2CHMeCH:—CH2Br + NaCH(COOR): ——> 


| | 
CH2—C H:—CHMe (XID 


+ sapon. 
_> 
+ heat 
—CH2CH:COOH (XVI) + SOCl —> 
—CH2CH2COC! (XVII + MeZnI —> 
+ BrCH:COOR 
—_—> 


—CH:CH(COOR): (XV) 1 


—CH2CH2COMe (XVIII) 


Me 
—CH:CH:—C—CH:2COOR (XIX) 

bu 

Me 
—CH:CH:—¢—CH:COOR (XX) 


| 
Br 


+ HBr 

> 

+ Cu—Zn 
—_—> 


Me 
Na 


| =5 
—CH:2CH:—CHCH:COOR (XXI) \-5 
alc. 


Me 


—CH:CH:CHCH2:CH:0H (XXII) 
(Perhydro vitamin A) 


To make assurance doubly sure, however, Karrer 
conducted two series of parallel experiments, one with 
this synthetic perhydro vitamin A and the other with 
the perhydro vitamin from the natural vitamin as 
initial material. Each of the two was carried through 
the reactions below and the two sets of products criti- 
cally compared after each step. In all cases the two 
products were found to be identical. 


CH:—CMe:—CH(CH2)2CHMe(CH2)sCHMe(CH2)ze—OH + HBr —> 


bH;—CH:—CHMe (Perhydro vitamin A) (XXII) 
a 
- —Br + NaCH(COOR): 
+ sapon. 


— 
+ heat 
—CH:COOH + SOCl — > 
—CH:COCI + MeZnI —> 
—CH:COMe 


—CH(COOR): } 


In the Biochemical Division of the Chemical Labora- 
tories of the German University at Prague, Bern- 
hauer and his collaborators (9), (10), (11) have mapped 
a different route to the same goal. This contemplates 
the condensation of #-cyclo citral (XXIII) with 2,6- 
dimethyloctatrienal (XXIV), or of citral followed by 
cyclization, and then reduction of the aldehyde to the 
corresponding alcohol (vitamin A) (II). The first 
step has been the determination of the optimum condi- 
tions for the condensation of crotonaldehydes to octa- 
trienals. Although these conditions so far have been 
withheld, the authors claim to have prepared a small 
quantity of octatrienal (XXVII) by condensation of 
crotonaldehyde (XXV), with simultaneous formation 
apparently of some crotonaldol (XXVI) and various 
other compounds; and from beta-methyl crotonalde- 
hyde (XXVIII), have obtained what they believe to be 
the dimethyloctatrienal (XXIV) desired, as well as the 
aldol (XXIX), which latter may be regarded as an hy- 
droxycitral. 
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OCTATRIENAL SYNTHESES 
CH:CMe::CH:CHO + Me:C:CH-CH:CH-CMe:CH-CHO + redn. 


CH: -CH2-CMe 
(XXIII) (8-cyclo Citral) 2,6-Dimethyloctatrienal (XXIV) 
CH:-CMe:-C—CH:CH-CMe:CH-CH:CH-CMe:CH-CH:0H 


de-cHs - CMe (Vitamin A) (II) 
CH:sCH:CH:CHO + CH:CH:CH:CHO (XXV) —> 
CH;:CH:CH-CH(OH)-CH2-CH:CH-CHO (Crotonaldol) (XXVI) ——~> 
CH;:CH:CH-CH:CH-CH:CH-CHO (Octatrienal) (XXVII) 
Me:C:CH-CHO + MeC:CH-CHO (8-Methylcrotonaldehyde) (XXVIII) 


_> 
Me:C:CH-CH(OH)CH:-CMe:CH-CHO (8-Methylcrotonaldol) (XXIX) 

a 
Me:C:CH-CH:CH-CMe:CH-CHO (2,6-Dimethyloctatrienal) (XXIV) 


IONENE FROM VITAMIN A 


ie CE Oe ee ee 
CH2CH2CMe (II) (Vitamin A) —> 

CH:CMe:C:CH Sw 

| { 
CH2CH2:CMe-CH-CMe 


CH:CH-CMe:CH-CH20H 


(XXX) 


CH3 


300 


(XXXII) 


CH:CMeC-CH:CH 
| || (lonene) (XXXI) 

CH2CH:-C-CH:CMe + Se + 300° —— > 

CH:CMe:CH -CH:CH CH:CMe:CH-CH:CH 


| | 
CH:CH -CH-CH:CMe CH:CH : C-CH : CMe 
(XXXII) 


(XXXIV) 


Our own contribution in this field, although a minor 
one, is not without interest. It consisted in the deter- 
mination of the constitution of ionene and the synthesis 
of this hydrocarbon. Its bearing upon the vitamin A 
problem arises from a recent observation by Heilbron, 
Morton, and Webster (12) that when a vitamin A 
concentrate was distilled with finely powdered selenium, 
1,6-dimethylnaphthalene (XXXII) was formed. As a 
possible explanation of this reaction, they suggested 
the preliminary cyclization of the vitamin to a hydro- 
naphthalene derivative (KXX), which then broke down 
to ionene (XXXI), for Ruzicka and Rudolph (13) have 
shown that when ionene is distilled with sulfur 1,6- 
dimethylnaphthalene results and, as is well known, the 
action of sulfur in such distillations is similar to that of 
selenium. 

It is obvious that, whatever the mechanism may be 
by which ionene is formed from the vitamin, the value 
of this observation of Heilbron, Morton, and Webster, 
in throwing light upon the constitution of the vitamin, 
depends upon the establishment of the constitution of 
ionene itself. 

This hydrocarbon was discovered by Tiemann and 
Kriiger (14) by the dehydration of a-ionone, or of a 
mixture of a- and B-ionones. Later, Tiemann (15) 
showed that it could be prepared also from 8-ionone. 

On the basis of the products obtained from it by 
oxidation, Tiemann and Kriiger were disposed first to 
assign to ionene constitution (XXXIII), but finally 
decided in favor of formula (XXXIV). 

It will be noted that both of these formulas represent 
ionene as a bicyclic system, in which neither cycle is 
truly aromatic. Our own experience with ionene, how- 
ever, convinced us that it contained a true benzene 
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nucleus fused to a cyclohexane, as shown in formula 
XXXI; in other words, that it was a trimethyltetralin. 
This was proved by Dr. Victor G. Fourman by a study 
of the dinitro, nitroamino, and sulfo derivatives, as 
well as the oxidation products of ionene and of its di- 
nitro derivative, as shown in the diagram below. 
The marks of interrogation on the formulas for the 
dinitro derivatives signify only that the location of the 


nitro groups on the nucleus was not determined. 
Me Me 
le 
CMe 7oileg 
fe : 
oo Coon Q 
008 
HOOC Z ” ; HOOC COOH 
ole NOg 
Gla - 
COOH 7 OOH 
HOOC NOp 


rte NO, 
CHo 
boou 10} 


NOo 


Me Me 





- 
+ heat 


+ Kiln0g 


Cie. 
coou © NOg 
HOOC 


NOp 


STRUCTURE OF IONENE 


The structure thus deduced for ionene was corrobo- 
rated by Dr. David Davidson and Mr. Percy M. Apfel- 
baum who synthesized it by the following series of re- 
actions: 

SYNTHESIS OF IONENE 


(m) _CH:CeHsCHO on CH:COOR ——> 

CHsCseHiCH: CHCO + Na + C:HnOH —> 
CHIGHLCH.GH:C HOH, + a r—_ 
CHsCsHiCHeCH:CHeBr, + Mg + eco. etc. -——> 
CHsCsHiCH2C H2CH2C(CHs)20H, + HSO;. — 


CH, Fi 
en 


us 


(Ionene) 
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The product so synthesized was identical in all 
respects with the ionene prepared from ionone by the 
method of Tiemann and Kriiger (15), (16). 

Preliminary announcement of this work appeared in 
Science (16), and full details will be published in the 
J. Am. Chem. Soc. 
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This paper touches first upon the instruction chemical 
students should have to suit them for the needs of industry. 
For convenience, chemists are classified as analysts, 
sales engineers, chemical engineers, and research men. 

The second part of the paper differentiates between 
training and teaching as necessary to meet the demands of 
industry. First, there is the development of a commercial 
sense; second, the development of those qualities which add 


++ + 


HE SUBJECT about which I have been asked 

to talk to you relates to training. While train- 

ing includes teaching, it seems to me that it 
has a more inclusive meaning. We train people to do 
things, and the kind of training which is essential is 
determined by the things persons are expected to do. 
This is implied in the title. The question is, “‘What 
training should chemists and chemical engineers re- 
ceive to meet the demands, or expectations, of indus- 
try?” Two illustrations perhaps may bring more 
clearly into view the difference between teaching and 
training. The training of a person for athletic activi- 
ties means not merely teaching him how to use his 
muscles properly but also means the development of 
those muscles, their coérdination, and the building 
up of resistance to fatigue. Training a person to be a 
musician involves the development of the ear so 
that it is sensitive to minute differences in pitch. 
It may mean the development of strength and flexi- 
bility of the muscles of the hand and arm or of the 
throat and the vocal passages. 

I think this is sufficient to point out the distinction 
between teaching and training, or, to put it in another 
way, to show that training includes not merely teaching 
certain definite things but also the development of 
qualities of mind and body suitable for the doing of 
particular things which the student is expected to per- 
form. Obviously, the easiest part of my task is to tell 
you what, in my opinion, industry expects students 
to be taught and the hardest part of my task is to 
tell you how they should be trained to use the knowl- 
edge imparted to them to render service to industry. 
I shall take up the easiest part first and then try the 
very difficult task of handling the part on which per- 
haps I can only offer suggestions. 


* Presented at the Student’s Course, Fourteenth Exposition 
of Chemical Industries, New York City, Dec. 9, 1933. 


standing to industry; third, the development of the imagi- 
nation; and fourth, the development of an ability to 
present reports intelligible to educated but non-technical 
business men. 

The paper was designed by the author primarily for 
its suggestiveness and not with any idea of its being a 
dogmatic or final presentation of the subject. 


++ + 
For convenience, I shall divide chemists employed by 
industry into four groups: 


1. Analysts 3. Chemical Engineers 
2. Sales Engineers 4. Research Men 


Analysts.—This group is subject to wide definition. 
Purely routine work can be done by operators com- 
paratively uneducated. From this lowest group we 


can go up to the highest class of analyst. Perhaps 
analysts of the highest class would not like to be coupled 
with the ordinary routine operators. Of course all 
chemists should be reasonably good analysts even if 
they expect to progress into other classes. Analysts 
should have a good general knowledge of chemistry. In 
the training of analysts, higher mathematics beyond 
algebra is not necessary, although, of course, from the 
training standpoint that may be desirable. A reason- 
able amount of cultural education should be included 
so that the analyst can make proper and intelligent 
reports. In order that the analyst should be able to 
make use of a variety of methods of analysis he should 
be taught German. 

Sales Engineers.—The sales engineer is a man who is 
ordinarily expected to go out into the trade and by 
promotion work increase the sales of the products or 
processes in which he is interested. Such a man should 
have a broad education in chemistry and perhaps a little 
more cultural training than the analyst and should be 
fairly well educated in accounting and economics. 

Chemical Engineers.—The chemical engineer, as the 
name implies, is a chemist and an engineer. He should 
be educated so as to be able to design plant operations 
involving the use of chemical processes. This means 
the use of machinery, power, conveyance of materials, 
calculation of costs, and determination of yields. He 
should have a wide knowledge of chemistry, a fairly 
broad knowledge of mechanical and electrical engineer- 
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ing, should know something of economics, and should be 
reasonably educated in cultural lines. 

Research Men.—I would say that the research man 
should be the most broadly educated man in the four 
classes I have named. Of course, the distinction be- 
tween these four classes is a matter of convenience. 
The analyst may be a research man, the sales engineer 
arid the chemical engineer may also conduct research 
work, but it is of the research man, per se, that I am 
now speaking. He should be taught chemistry in the 
very broad sense of the term. By the breadth of his 
knowledge he is able to apply what has been done in one 
field to another. The ideal research man should be 
up-to-date on physical chemistry, should be a good 
mathematician, should have a good knowledge of 
languages, and should be the most cultured of any in the 
four classes. 

The foregoing is merely an idealistic outline and; 
as I have indicated, there is no sharp distinction be- 
tween any of the four classes. If I have emphasized 
my differentiations too much you can understand that 
I do so solely for convenience. It would be hard to 
say of any one person that we know to be superior in 
his respective field that he is only an analyst, or only a 
sales engineer, or only a chemical engineer, or only a 
research man. He is probably all of these. I have 
given this outline particularly for the purpose of pre- 
senting and disposing of the question of teaching. As 
I said above, the more difficult part of my talk comes 
in the general question of training. 

In the title of this talk certain words are used upon 
which I must now lay emphasis—‘‘industry expects.” 
Obviously industry expects profits. Industry expects 
to make money. Consequently, industry expects pri- 
marily something of the commercial sense in all of 
its employees. This commercial sense applies not 
merely to the determination of what work shall be 
done but also relates to the amount of work which is 
commercially justified in any particular case. This 
relates to small things as well as big things. It relates 
to the amount of time that could be expended in certain 
kinds of analytical work. It relates to the time and 
money that can justifiably be spent in research work. 
For instance, if $10,000 is to be spent for a given piece 
of work one should anticipate at least $1000 a year 
possible’ profit from that work. Of course it is not 
always possible to estimate profits. Where quality of 
goods is concerned money must be expended to main- 
tain or improve that quality even if the cost is ex- 
cessive. Still, in improving the product there must be 
some realization of the commercial advantage of the 
improvement. 

It may be argued, of course, that it is not necessary 
for industry to insist that the chemists they employ 
shall have a commercial sense. The non-technical 
men in the industry may say that they can supply the 
commercial sense and that it is the business of the 
chemist simply to do what he is told. To my mind this 
is an absurdity, for there is no sharp line between non- 
technical and technical men. 
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You will understand that I am attempting to state 
here what industry expects. I am not telling you 
what industry should expect. 

How, then, may students of chemistry be trained to 
have a commercial sense? I can illustrate only briefly 
and imperfectly but I hope that the illustrations may be 
suggestive. It appears to me that something of the 
commercial sense could be developed if a student were 
asked the following question: Assuming a coal costs 
$4 a ton and contains 70% of carbon, what would be the 
material cost involving the manufacture of liquid car- 
bon dioxide if the oxide were absorbed and recovered 
and condensed so that say 90% of the carbon dioxide 
recovered were salable? With the market price of 
liquid carbon dioxide known, the student could then see 
quite readily what margin he would have if he were 
going into the manufacture of liquid carbon dioxide. 
Or, to take another case, with the cost of copper at 
81/2¢ per pound and 60° sulfuric acid at $9 per ton, 
what would be the material cost involved in the produc- 
tion of copper sulfate in crystalline form? 

Undoubtedly thousands of other illustrations can be 
given and probably better methods of teaching or train- 
ing a student to have a commercial sense could be de- 
veloped than those which I have given. They suffice, 
however, for the purpose of illustration. 

To some extent—how much it is hard to tell—indus- 
try expects by employing chemists to add to its prestige 
and standing. In the very best sense industry is 
justified in this expectation. I would prefer to pass 
over cases where chemists are employed to give a false 
standing to industry. Where chemists are employed 
to give a true standing to industry they should be 
scrupulously honest and conscientious to the last 
degree. They should be unwilling to do anything for 
the benefit of the industry employing them that does 
not conform to the highest principles of ethics. Ac- 
curacy in analysis, a true presentation of facts by sales 
engineers, honest estimates of costs by chemical 
engineers, and a full presentation of facts by research 
chemists—these are essential if chemists are to add to 
the prestige of industry. How they can be trained 
in this point to possess what industry reasonably should 
expect it is difficult to say. ‘‘Character,’’ says Goethe, 
“is developed in the stream of life, genius in solitude.” 
If this is so, it would appear that the student of chemis- 
try should be trained in social relationships through 
class organizations and every other instrumentality 
that can be developed. This probably is as much as I 
should say on this phase of the subject. 

Industry expects chemists to have, that kind of 
originality which comes from a developed imagination. 
This you might say is genius to be developed in soli- 
tude. This may or may not be true. Industrial 
chemists are given problems to solve. These problems 
can seldom be solved by definite known methods of 
approach. They may be solved by comparison with 
other problems which have been solved, which other 
problems are more or less similar in character. Theo- 
ries explaining facts are valuable chiefly for their 
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capacity to suggest work that should be done to 
solve problems. In a given case the ability to develop 
hypothesis after hypothesis until the true solution may 
be expressed in the form of a theory is exceedingly 
desirable in the chemist. The chemist who has simply 
been taught to know a number of things is limited. 
The problems that confront industry cannot be an- 
swered in many cases merely by reference to the litera- 
ture. 

How may chemists develop their powers of imagina- 
tion? I can simply suggest one way, and that is to 
put problems continuously to students, asking them, 
when they encounter a typical reaction to report 
similar reactions which they can find by further study. 
It may be desirable, also, to get them to notice dis- 
similarities in reactions, or similarities and dissimilari- 
ties tied in together. 

There is only one more matter of training which I 
believe industry expects and about which I shall speak. 
This has to do with the ability to present an accurate, 
logical report on work done. Probably the most annoy- 
ing thing to industry is to have a chemist in its employ 
who knows his subject thoroughly but is unable to pre- 
sent his knowledge in such a way that it can be under- 
stood by educated but non-technical men. I regret to 
say that this defect appears to be more common among 
highly educated chemists than it is among those not 
so highly educated. Knowledge of chemistry that 
cannot be imparted is almost worthless to industry. 
Chemists should be good teachers. They should be 
able not merely to teach students but to teach non- 
technical men immersed in business. They should be 
able to differentiate between the more essential and 
the less essential so as to be able to give true pic- 
tures of what occurs in chemical operations—pictures 
that will have some meaning to commercial men. 








JOURNAL OF CHEMICAL EDUCATION 


It seems to me that teachers of chemistry could 
do much in training chemical students in the prepara- 
tion of reports. I would say that every report made 
to an industrialist should consist of several parts 
which are more or less repetitions of each other. One 
part of the report should be so simple that any indus- 
trialist can understand it. Another part of the report 
should be somewhat more scientific in tone, and a third 
part of the report should give the final and technical 
details. I venture to say that a part of the difficulty 
in accomplishing what I think ought to be done lies 
in the failure of teachers of chemistry to recognize the 
need for cultural education. When I refer to cultural 
education I have in mind primarily the wide vocabulary 
and the wide knowledge of forms of expression that 
inevitably come from the study of good literature. 

Permit me now to recapitulate. Industry expects 
chemists to have a commercial sense. The develop- 
ment of commercial sense can be carried too far, how- 
ever. I would say, God help the chemist whose com- 
mercial sense overshadows all his other perceptions. 
The chemist should never cease to be a scientist. 

The chemist should add dignity to industry. He can 
do this by accuracy, cleanliness, personality, and knowl- 
edge of his subject. 

Industry expects chemists in general to have a meas- 
ure of originality for they have to solve many problems 
that cannot safely be handled on simple prejudged lines. 

Industry expects chemists to be able to make under- 
standable reports written in language that industry can 
understand. 

I have endeavored to handle the subject as as- 
signed me, distinguishing between teaching and train- 
ing. Undoubtedly, many things have been omitted; 
I hope, on the other hand, that I have not presented 
things which appear impossible to you. 








PORTRAIT OF VAN’T HOFF AS A STUDEN 


HE PORTRAIT of van’t Hoff reproduced at 

the left is a photograph taken by J. Westhoven 
at Bonn in 1873 and sent by the young student 
to his mother. For the opportunity of present- 
ing it here we are indebted to van’t Hoff’s pupil, 
life-long friend, and biographer—Professor Ernst 
Cohen of the University of Utrecht. 

This portrait served as the model for the 
obverse of a bronze plaquette designed by the 
noted Dutch artist, Wienecke, for the semicen- 
tennial celebration of the theory of the asym- 
metric carbon atom. The plaquette, in turn, has 
been copied in one of the stone bas-reliefs above 
the main entrance of the George Eastman Re- 
search Laboratories for Physics and Chemistry at 
the Massachusetts Institute of Technology. 
(See Frontispiece to the June, 1933, JouRNAL.) 

Since the stone panel has already been pictured 





in the JouRNAL and since the photograph is conceded to be the most faithful likeness of the three, only the reverse 
of the Wienecke plaquette is here reproduced (original, 4.4 X 5.9 cm.). 


Contributed by H. S. van Klooster, Rensselaer Polytechnic Institute 
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STATUE OF LAVOISIER, 
BY 
E. BaRRIAS AND GERHARDT, 
IN THE 


PLACE DE LA MADELEINE 








WHAT a STUDENT of the 
HISTORY of CHEMISTRY 
MAY SEE and DO in PARIS 


TENNEY L. DAVIS 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


ENJAMIN FRANKLIN is credited with the re- 
mark that ‘“‘all good Americans, when they die, 
go to Paris,’ and the ascription seems not un- 
likely for Franklin was well acquainted with Paris, and 
the remark indicates a belief on the part of its author 
that any good American can find journey’s end and 
heart’s desire in the capital of France. Certainly it is 
true that almost any man, whatever his interests, 
can find in Paris something to interest him. The 


chemist can find ancient centers of learning and modern 
institutions for research, professors and research workers 
enthusiastically building the future history of the 
science, and many varieties of chemical manufacturing 
carried out both on the factory scale for quantity 
production and by solitary artisans who are filled with 
pride in their craftsmanship. These things, however, 
are contemporary chemistry, and we wish in the present 
paper to discuss briefly the interest of Paris for the 
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LAVOISIER EXPERIMENTING 
AT A 
PNEUMATIC TROUGH 
IN THE 
LABORATORY 
WHILE His WIFE 


TAKES NOTES 





THE Two Bas-RELIEFS ON THE PEDESTAL OF THE STATUE OF LAVOISIER 





LAVOISIER EXPLAINING 
THE ANALYSIS OF AIR 
TO His FRIENDS, 
FROM LEFT TO RIGHT, 
Vico p’Azir, 
GuyYTON DE MorRVEAU, 
MONGE, BERTHOLLET, LAPLACE, 
LAMARCK, LAGRANGE, 
AND 


CONDORCET 
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chemist who is addicted to the history of chemistry. 
Paris is a happy hunting ground for the man who is 
blessed with a hobby. 

The visitor to Paris finds that great men of science 
are commemorated by street names and by statues about 
the city. He sees that the French know how to 
honor their men of science and realizes that France has 
not only a history but a sense of history as well. The 
confirmed hobbyist finds pleasure in the contemplation 
of things which relate to his hobby, in collecting ex- 
periences, memories, mental images. And the student 
of the history of chemistry will find pleasure in many 
things which inevitably meet his eye in Paris, in the 
statue of Lavoisier which stands behind the Madeleine, 
in the statue of Chevreul in the Jardin des Plantes, in 
the monument to Berthelot near the Collége de France. 








cere re 
AUX PHARMACIENS 5 


{ PELLETIER « CAVEN 











STATUE OF PELLETIER AND CAVENTOU, BY E. LORMIER, 
ON THE BOULEVARD St. MICHEL NEAR THE CORNERS OF 
THE RUE AUGUSTE-COMTE AND THE RUE DE L’ABBE-DE- 
L’EPEE 


Pelletier and Caventou discovered strychnine in 1818, 
brucine in 1819, and quinine and cinchonine in 1820. 
Pelletier discovered caffeine in 1821. 


He will find pleasure in the things which he can seek 
out at the museums and elsewhere, pleasure in seeing 
a plate which was actually molded by the hands of 
Bernard Palissy, a sample of Balard’s bromine, or of the 
alcohol which Berthelot prepared by the combination 
of water with ethylene—the first organic substance 
after Wohler’s urea to be “synthesized from the 
elements.’”’ With the acquisitiveness which character- 
izes his kind he will perhaps wish to seek in the shops 
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for old books on chemistry and alchemy, for auto- 
graphs and portraits of the great chemists. And he 
will find them, for the French are inveterate collectors 
and understand his point of view. 

Pasteur and Berthelot are the two chemists whom 
France has chosen to honor most. One need not visit 
France to be aware of the fact, but need only to receive 


STATUE OF PASTEUR IN THE ENCLOSED CouRT OF THE 
SORBONNE 


The spherical glass vessel which he holds, with its neck 
drawn out and bent over, is one of the vessels in which 
he kept sterile broth without its putrefying. | The micro- 
organisms of the air settled like dust in the bent tube but 
could not find their way through its length. The experi- 
ment disproved the spontaneous generation of living or- 
ganisms. 


mail from there—for both of them are represented on 
postage stamps. The Pasteur stamps were first issued 
in 1922, the Berthelot stamps in 1927, at the times of 
the centenary celebrations. 

In the Place Breteuil at Paris there is a monument to 
Pasteur which was erected by popular subscription 
in 1904; beyond runs the Boulevard Pasteur, and 
nearby is the Institut Pasteur in the crypt of which the 
great scientist and his wife are buried. A visitor to the 
schools will also see a statue of Pasteur in the enclosed 
court of the Sorbonne. On the rue des Ecoles, almost 
in front of the Collége de France, is the magnificent 
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tourist. There, if one 
inquires, a reduced 
replica in glass of the 
Pasteur window may 
be secured at a very 
moderate price. M. 
Lalique in 1927 made 
similar glass medal- 
lions of Berthelot for 
the Maison de Chimie 
which, we understand, 
has already distributed 
all of them to those 
who have contributed 
to its funds. 

The Muséede Cluny, 
a building of the late 
fifteenth century 
; erected on the ruins of 
bronze memorial to Berthelot. And behind the a Roman palace of the 
schools, at the head of the rue Soufflot, surrounded third century, is not 
on all sides by a broad stone far from the Collége de France, 


pavement, stands the Pantheon— nearer the river, and richly de- 
Aux grands hommes la Patrie recon- serves a visit from the student of 


naissant—perhaps the finest monu- the history of chemistry. Part 


BRONZE MEMORIAL TO BERTHELOT, ,BY RENE DE SAINT- 
MARCEAUX, RUE DES ECOLES 
At the left, (Amitié) the youthful Berthelot is represented 
with his friend Renan; at the center, (Amour) Berthelot and 
his wife; at the right, (Gloire) the mature man of science alone. 
On the background his principal works are enumerated. 
Photo by courtesy of Brainerd Mears 











Louis Ficurer, 1819-1894 


Popularizer of science. Author of 
“L’Alchimie et les Alchimistes.’’ 


ment in the world to the memory of 
great men. Here Berthelot and 
his wife, who died but a fewminutes 
before he did, are buried together. 

At the time of the Pasteur cen- 
tenary the University of Strass- 
bourg installed a commemorative 
window consisting of a portrait 
medallion of Pasteur in pressed 
glass. The window was made by 
M. René Lalique, an artist in glass, 
whose shop in the Place Vendéme 
is certain to arrest the wandering 


LALIQUE GLASS MEDALLION OF 
BERTHELOT 


103 mm. diameter. 


of the masonry of the Roman 
baths still remains, and the mortar 
and the bricks may be examined. 
The museum is devoted to the prod- 
ucts of ancient art and industry, 
many of them of course produced 
by chemical processes. The pot- 
tery is interesting, especially the 
apothecary jars and the glazed and 
colored vessels which were made 
by Palissy. 

The chief attraction of the Con- 
servatoire des Arts et Métiers, on 


CHEVREUL CENTENARY MepAL, By O. Rory, Bronze (68 MM. DIAMETER). “FRENCH YOUTH TO THE DEAN OF STUDENTS.” 
CHEVREUL LIVED TO BE ONE HUNDRED AND THREE YEARS OLD AND TOOK PART IN THE CELEBRATION OF His OWN CENTENARY 
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Two PorRTRAITS OF LAVOISIER 


They do not seem to be greatly idealized; 
they show the same traits of physiognomy and 
probably aim to represent Lavoisier as he really 


appeared. 


LC Gk») 


the other side of the Seine, is perhaps the apparatus 
of Lavoisier, large and seemingly cumbersome, equipped 
with brass fittings, and beautifully made. Here also 
one may see autograph letters and portraits of many 
French chemists, and the original apparatus of Am- 
pére, of Coulomb, and of Dumas including the familiar 
bulbs for the determination of vapor densities. A 
life-size statue of Palissy is interesting, made entirely 
of porcelain. The large building houses a technical 
museum, a laboratory for the examination of indus- 
trial products, and the national patent and trademark 
offices. In the courtyard near the main entrance is 
a statue of Nicholas Leblanc; he invented the Leblanc 
process for preparing soda from salt, died in a poor- 
house, and is buried in an unknown grave. A number 
of free public courses on science applied to the arts 
are given at the Con- 
servatoire in the 
evenings during the 
winter. 

The French have 
the pleasant habit of 
striking medals to 
commemorate events 
of importance, to 
perpetuate the mem- 
ory of great men, to 
celebrate centenaries, 


anniversaries, etc. The medals, generally of great ar- 
tistic merit, are made at the Mint (la Monnaie, on the 
quai Conti between the Institut and the Pont-Neuf), 
the dies are preserved, and bronze ‘“‘restrikes’’ are 
made and are on sale. Many of these may be pur- 
chased at the Mint, as may also little plush-lined 
boxes to hold them and easels of brass or of morocco 
leather upon which they may be displayed. The 
medals of Berthelot,* Berthollet, Chaptal, Chevreul, 
Dumas, Gay-Lussac, Janssen and Lockyer,{ Lavoisier, 
Monge, Niepce and Daguerre, Palissy, Pasteur, Pelouze, 
Schutzenberger,** and Wurtz will appeal to our student, 
and others besides will interest the student of the history 
of general science. We describe a few of them more 
fully. 
Gay-Lussac; bronze medal, 50 mm. diameter. Ob- 
verse; “Louis Joseph 
Gay-Lussac,’’ portrait 
(left side of face), 
“A. Bovy.” Reverse; 
wreath of oak twigs 
enclosing the inscrip- 


* Pictured in J. CHEM. 
Epvc., 4, 1223 (1927). 

+ Pictured in zbid., 9, 
2071 (1932). 

**Pictured in zbid., 6, 
1413 (1929); 9, 1770 
(1932). 


A PLATTER IN THE MUSEE DE CLUNy, MADE By BERNARD PALISSY WHO 
INVENTED IN FRANCE THE ART OF GLAZING POTTERY 
WITH COLORED ENAMELS 


The snakes, frogs, ‘snails, fishes, clams, shrimps, lizards, leaves, flowers, 
etc., were all molded from actual animals and plants, and appear in their 


natural colors. 





MoNvuMENT TO J. B. BovussINcAuLt (1802-1887), BY 
DALOoU, WITH ALLEGORICAL FIGURES REPRESENTING 
SCIENCE AND LABOR, IN THE COURTYARD OF THE CON- 
SERVATOIRE DES ARTS ET METIERS 


Photo by courtesy of E. R. Schierz 


tion—“‘Né a St. Léonard (H. V.) 1778. Recherches 
Physico-Chimiques, Loi des Volumes, Densités Théoriques 
des Vapeurs, Etude de I’Iode, Découverte du Cyano- 
gene, Chlorométrie, Alcalimétrie, Essais d’Argent. Mort 
a Paris 1850.” 
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Pallisy; bronze medal, 50 mm. diameter. Obverse; 
“Bernard Palissy,” representation of several examples 
of Palissy’s ceramic art, a scroll bearing the words, 
“Discours Admirable de’’—, a book, ‘‘De l’Arit de Terre,” 
““Vauthier-Galle F.’’ Reverse; wreath of oak twigs 
enclosing the inscription—‘‘Né vers 1500—Précurseur 
des Chimistes—des Geologues—Grand Artiste Grand 
Ecrivain—Invr. de la Poterie Emaillée—Echappe & la 
St. Bartheleny—Meurt a la Bastille 1589—Ne Voulant 
Pas Abjurer.” 

Wurtz; bronze medal, 68 mm. diameter. Obverse; 
“Charles Adolphe Wurtz 1817-1884,” portrait (full face), 
“Alphée Dubois 1886.’’ Reverse; allegorical figure 
standing near an apparatus for fractional distillation 
and holding an olive branch, ‘‘Dictionnaire de Chimie 
Pure et Appliquée—Découverte des Ammoniaques Com- 
posée 
Traité de Chimie Biologique.” 

An old medal of Benjamin Franklin, while it does not 
really concern chemistry, is too fine to overlook. 
Bronze medal, 45 mm. diameter. Obverse; ‘‘Benj. 
Franklin Natus Boston . XVII Jan. MDCCVI,” por- 
trait (left side of face). Reverse; allegorical figure 
reaching toward a cloud from which lightning is 
striking, Greek temple in background, broken scepter 
and broken crown in foreground, “Eripuit Caelo 
Fulmen Sceptrum Que Tyrannis’’ (He snatched the 
thunder from heaven and the scepter from tyrants) 
““Sculpsit et Dicavit Aug. Dupre Anno MDCCLXXXIV.” 

Our visitor to Paris will perhaps enjoy the search for 
old prints and portraits (three such are reproduced 
herewith) which he can carry out so successfully in 
the shops of the quarter behind the Institut. He will 
probably discover the bookshops which specialize in 
early works on science. He may possibly experience 
the elation of finding an ancient and desirable book 
on alchemy in some place where he had least expected 
it. Indeed he will find many more things of interest 
to him than the present paper has indicated, and he will 
not quickly exhaust the possibilities of the city. 
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TYPES of GRAPHIC 
CLASSIFICATIONS of the 
ELEMENTS 


II. Long Charts 
G. N. QUAM 
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AND MARY BATTELL QUAM 


New York Public Library, New York City 


LONG CHARTS (WERNER TYPE) 


HE CHARTS of this division are essentially 
‘bee in which short charts have been elongated 

in such manner that the elements of each period 
are arranged in single series. 


MENDELEEFF—1869 (36): Mendeléeff’s first table was 
a vertical arrangement in which the elements could be 
read in order of increasing atomic weight from the 
top down and in successive series from left to right. 
The first column consisted of H and Li; the second, 
of Be to Na; the third started with Mg. An improved 
form of this table appeared in 1872 (37) (Figure 5). 
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? Di 
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FIGURE 5.—MENDELEEFF’S VERTICAL TABLE 


H occupied the first position separately; the vertical 
series in order were Li to F, Na to Cl, K to Br, etc., 
causing the halogens to appear in the same bottom 
series, while H, Li, Na, Cu, Ag, and Au constituted a 
midway series, and K, Rb, and Cs formed the topmost 
series. 


WALKER—1891 (38): Walker’s is similar to the 
Mendeléeff vertical table (37). He pointed to the 
objection to placing Li and Na in line with Cu, Ag, and 
Au, and to the unique position of the non-metals in 
the lower left triangular area. His use of the terms 
“odd and even series’ seems reminiscent df the ‘‘short 
chart” type. 


BASSETT—1892 (39): This table (Figure 6) also 
resembles Mendeléeff’s later 
vertical arrangement (37). The 
Cs period, however, starts far 
above the horizontal line of K 
and Rb, thereby giving space 
to the known and predicted 
elements of that period. The 
alkali metals appear in three 
horizontal lines. Co and Ni 
are arranged in order of their 
atomic weights. Bassett sug- 
gested cutting out the table 
and rolling it onto a cylinder 
of such circumference that 
similar elements would fall in 























Na 
Mg 
Al 
Si 
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Ss 
Cl 





FIGURE 6.-—VERTICAL ARRANGEMENT BY BASSETT 


line, forming what are now known as groups and fami- 
lies. For instance, Li, Na, K, Rb, and Cs would then 
fall on a line parallel to the axis of the cylinder. 


RANG—1893 (40): The table (Figure 7) is arranged 
so that closely related elements are in the same vertical 
row. The four groups, A, B, C, D, classify elements 
of common properties; “A” contains the most electro- 
positive elements, “D’ the most electronegative. 
The position of H over Ga, In, and Tl is most unusual. 
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Group 1 
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“Di here represents all the triads that are between Ba and Ta. 
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H may not be exactly in its true place, still it cannot be very far from it.’’ 


FIGURE 7.—RANG’S PERIODIC TABLE 


The order of Co and Ni is the same as in the Bassett 
table (39). 


HORSLEY—1900 (41): Horsley’s chart appears in 
Rudorf’s book (41) as one of four modifications df 
Mendeléeff’s arrangement (37). This horizontal chart 
shows the usual families, including the zero group ele- 
ments, which occupy the central position. The ele- 
ments read from left to right, beginning with He and Li 
as the first series; Be to Na (Na under Li), as the 
second; Mg to Co (K under Na), third; Cu to Pd 
(Zn under Mg), fourth; Ag to Pt, etc. Horsley’s 
chart appears to be the forerunner of the types in 
which the helium family occupies a central position 
adjacent to the halogen family on the left and the 
alkali family on the right. 


STAIGMULLER—1901 (42): In this chart the ar- 
rangement by Rang (40) is modified to include the He 
family before the alkali metals. H is placed to the 
left of He, thus being the first member of the first 
period. Ru and Os appear in their respective periods 
under Mn, Rh and Ir under Fe, Pd and Pt under Ni, 
Au under Co, and Hg under Ag. The Cs period con- 
sists of two series, but the rare-earth elements receive 
little consideration. The author called attention to 
the location of the non-metals in an upper right en- 
closure, as did Walker (38). 


WERNER—1905 (43): Werner avoided periods of 
two or more series by allowing the Cs period to deter- 
mine the width of the table (Figure 8). Among 


the irregularities in order of atomic weights, he cited 
the case of Nd and Pr which are no longer so placed. 
The ‘inert elements’ complete each period, and the 
distribution is made to show family relationships. 
Be and Mg are definitely classed with Zn and Cd. 


SCHMIDT—1911 (44): Schmidt attempted to show 
by means of his table that elements form systems and 
sub-systems which stand in genetic relation to each 
other. In form it appears to be a modification of the 
charts of Staigmiiller (42) and Werner (43), divided 
into several vertical areas consisting of from one to 
four families. A table similar to that of Schmidt 
would result if Staigmiiller’s chart were cut on a line 
between the N and Ge families, and the right segment 
fitted to the left, causing the elements to join in the 
usual order of atomic weight increase. This arrange- 
ment opened between the columns consisting of 
C-Si-Ti-Zr-Ce-Th and V-Nb-Ta, respectively, to allow 
space for the Werner rare-earth series, completes a 
Schmidt arrangement. Schmidt placed Pr before Nd, 
but did not leave spaces for missing rare-earth ele- 
ments. The positions of the “eighth group” elements 
correspond to Werner’s arrangement. 


STACKELBERG—1911 (45): Stackelberg’s first table 
is patterned after Staigmiiller’s (42) with slight modifi- 
cations. H is placed in the Li family instead of in the 
Li period. C and Si are transferred to the right, 
over Ge. The ‘zero group” elements appear at the 
right edge as well as at the left in the table. The 
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“platinum elements,’’ Au and Hg, are restored to their 
logical places in the arrangement, as shown by Werner 
(43) and Schmidt (44), but the order of Ni and Co 
is according to their atomic weights. A second table 
was designed by cutting the first on a line between Co 
and Cu and fitting the segments together, causing 
the ‘‘zero group’’ elements to assume the central posi- 
tion as in the Horsley chart (41). The author de- 
scribed the formation of a cylindrical chart from the 
second arrangement, as an additional aid in the study 
of relationships between elements. 


CACERES—1911 (46): The author claimed that his 
vertical table was not essentially different from Wer- 
ner’s (43). By starting the first period with H and He, 
he reduced the number of periods to six. Unlike 
Werner, he placed Be and Mg in line with the alkaline- 
earth elements, and made the Cs period of the same 
length as the K and Rb series by. arranging that por- 
tion containing the rare-earth elements in four series, 
two descending and two ascending. Although the 
author regarded this irregular arrangement as an aid 
in classification, it is rather unusual to find Sm in the 
Mn family, and Nd, Eu, and Tm in the Cr family. 


MEYER—1918 (47): The second of the author’s 
two tables is a modification of the first, a Bayley type. 
Meyer’s table differs from Schmidt’s (44) in that Ni, 
Pd, and Pt constitute the right ends of their respective 
periods. The rare earths are arranged in order of 
increasing atomic number after Ba, and H is placed 
above Li, thereby occupying a central position. Va- 
lence numbers are placed at the tops of the groups, 
which are numbered at the bottom with Roman 
numerals. 


CHAUVIERRE—1919 (48): Chauvierre’s table prob- 
ably resembles Stackelberg’s (45) in form more than 
any other long chart of the “Werner Type.” 
The first two periods are divided on a line between Gl 
and B; the ‘‘zero group” elements appear on the 
left side only; the additional rare-earth elements 
are extended across the table, causing Tb to appear 
in the Al family, ‘“Tu’” in the C family, and Yb in the 
P family. The middle section of the table is arranged 
to show the “famille du fer,” which includes V and Cr 
also, the “famille du palladium,” which includes Nb and 
Mo also, the “‘famille du didyme”’ (Pr and Sm), the ‘‘fa- 
mille du platine,” and the “metaux radioactifs’”’ (Th and 
U). Seventeen empty spaces are shown representing 
places for missing elements, including one noble gas, but 
the chart as printed shows Cu and Hg in positions 
apparently not meant for them by the author, which 
may account for the excessive number of blank spaces. 


STEINMETZ—1918 (49): The chart is a modification 
of the one by Staigmiiller (42) in which H is placed 
over F, Co precedes Ni, many elements are added, 
and the ‘‘platinum metals” are treated in a more orderly 
manner. 


PFEIFFER—1920 (50): Pfeiffer shortened the Werner 
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chart (43) by indicating the position of the rare-earth 
elements following Ce and placing them below the 
last period in a single line. 


oppo—1920 (51): Oddo’s arrangement appears 
to be a modification of Staigmiiller’s (42). H is 
placed over Li and the non-metals of the Staigmiiller 
table are transferred as a unit to the left side, thus 
allowing the two major headings, ‘‘Metalloidi’’ and 
“Metalli.”” The rare earths are arranged in two series 
which, with Sc and Yt, are enclosed by a dotted line. 
An attempt has been made to place the isotopic forms 
of the radioactive elements. In a revision (52), Oddo 
placed Sb with the non-metals and B with the metals, 
and elaborated his treatment of the radioactive ele- 
ments. 


BURY—1921 (53): Bury’s is a Werner table (43) 
brought up to date in connection with an extensive 
treatment of the atomic structure of the elements. 
The structures of the so-called transition elements and 
the rare earths are given especially detailed considera- 
tion. 


NORRISH—1922 (54): This table, patterned after 
Stackelberg’s arrangement (45), is derived from a 
consideration of colored ions, valency, and atomic struc- 
ture. Many physical data are presented below each 
symbol. 


LORING—1922 (55): The author claimed that his 
“Wedge Periodic Table’ indicated where missing ele- 
ments were of low concentration, if existent at. all. 
In design, it appears to be a mirror image of a Bassett 
table (39) in which the periods are moved to place the 
alkali elements in line, rather than the halogens. 
The ‘zero group” and many other new elements are 
included. The sketch is designed to justify the unique 
title. 


COURTINES—1925 (56): The unfolded tower ar- 
rangement (Figure 9) appears much like a modernized 
Chauvierre chart (48) cut on a line between Ni and 
Cu, with the right part fitted to the left in order of 
increasing atomic numbers. The rare-earth elements, 
however, are placed on a novel accordion-like folded 
strip with ends made secure just below Yt and be- 
tween Ba and Hf. The author describes in detail the 
method of folding the chart into a tower-like cylindrical 
model. H is folded back to show its lack of relationship 
to other groups of elements. In the space for each 
symbol, electron arrangements and isotopes are also 
enumerated. 


RODEBUSH—1925 (57): Rodebush has taken the 
Rang arrangement (40) and brought it up-to-date from 
the standpoint of Bohr’s conception of the grouping of 
electron orbits, which are indicated by the shell struc- 
ture of the inert gases at the end of each period. H 
is placed above F, and the list of rare-earth elements is 
shown occupying a position following La and preceding 
Hf. 
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LEROY—1931 (58): Although LeRoy referred to 
his chart as being a modification of Deming’s periodic 
table (69), it seems more reasonable to consider it a 
modification of Werner’s table (43). . To construct 
a chart similar to LeRoy’s, move Sc and Y of 
Werner’s table (Figure 8) to a position above La, 
cut the table on a vertical line to the left of Ti 
and join the outside edges, draw a line from H to 
both Li and F and add the new elements not listed 
in Figure8. The positions of Pa and U in LeRoy’s 
chart were dictated by geometric form, apparently, 
rather than chemical relationships. 


CONCLUSIONS 


The majority of the charts of this division are 
arranged, like Werner’s, with the most electro- 
positive elements at one edge, and the most elec- 
tronegative at the other. The arrangements of 
Schmidt, Meyer, Oddo, Courtines, and LeRoy 
appear to be efforts to bring the most active ele- 
ments to a central position. With the exception 
of Schmidt’s table, the “inert elements’ divide 
the electronegative from the electropositive ele- 
ments. The charts of Mendeléeff, Walker, Bassett 
and Loring fail to show the family relationships con- 
sistently because of their insistence on unbroken 
short periods. That there is great difference of 
opinion as to where the intermediate elements 
of the short periods should be placed is very 
apparent. The division between C and N is 
favored by Rang, Staigmiiller, Schmidt, Meyer, 
Steinmetz, and Rodebush; between B and C, by 
Stackelberg and Norrish; between Be and B, by 
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Caceres, Chauvierre, Oddo, and Courtines; and be- 
tween Li and Be, by Werner, Pfeiffer, Bury, and Le- 
Roy. The placing of the rare-earth elements has also 
been treated in a diversified manner. 


LONG CHARTS (BAYLEY TYPE) 


The arrangements in this division include those long 
charts which show the relationships within the short- 
chart groups without destroying the advantage of 
simplicity of the Werner type. By solid and dotted 
lines and shading, the authors have attempted to show 
family distinctions. 


BAYLEY—1882 (59): The elements are arranged 
(Figure 10) in order of increasing atomic weight, and 
divided into cycles and series. Bayley observed the 
recurrence of the same groups of properties in sets of 
seven and emphasized, graphically, family relationships. 

CARNELLEY—1886 (60): Carnelley’s diagram is simi- 
lar to Bayley’s table (59). The Cs period is kept in 
line with those of K and Rb by dividing it into two 
series. 


THOMSEN—1895 (61): This table, similar to Bayley’s 
(59), was arranged to show genetic relationships of 
elements. The elements of the five periods of one 
series each, are arranged from electropositive to electro- 
negative. H forms the head of the table, while the 
remaining elements are divided into two periods of 7 
elements each, two of 17 each, and one of 31. AI- 
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though the rare-earth elements are listed in the Cs 
period, the family relationships are maintained by 
connecting lines. Numerous modifications of Thom- 
sen’s table have appeared from time to time, notable 
among which should be mentioned the Thomsen-Bohr 
Table (62). 


RICHARDS—1898 (63): Richards stated that his 
table was a modified form of the Thomsen arrange- 
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several rare-earth elements are added. In place of 
showing the family relationships by lines as proposed 
by Carnelley (60) and Richards, Hopkins has at- 
tempted to show by figures at the heads of the columns, 
approximate specific gravities and position numbers; 
the latter are considered the fundamental properties of 
elements. 


MEYER—1918 (47): The form of the first of two 
tables is practically identical with the 
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Adams’ chart (64). The ‘‘Mendeléeff’’ 
group numbers are used to identify the 
columns of both short and long periods. 
The Cs period is completed with U, but 
the rare-earth elements are indicated be- 
tween Ba and Ta, and are enumerated 
in a horizontal row at the bottom of the 
table. 


SCHALTENBRAND—1921 (66): This 
skeleton arrangement which appears like 
an expanding family tree, is an attempt 
to show the derivation of the periods of 
elements by an “‘extension”’ of the first, 
H-He, period. In the second period, Li, 
C, F, and He, only, are enumerated. The 
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expansion for the rare earths appears to 
be in anticipation of Antropoff’s ar- 
rangement (68) and Bohr’s modification 
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of Thomsen’s chart (62). 





ment (61). His modification ap- 
pears to be a Thomsen chart in 
which the last period is arranged in 
a manner similar to Carnelley’s 
plan (60). Many blank spaces are 
introduced and the author listed as 
unclassified He, A, Pr, Ne, Sa, Gd, 
Tb, Er, Th, and Yt. 


H Period 


ADAMS—1911 (64): The table 
(Figure 11) is virtually a mirror 
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image of Thomsen’s chart (61), ar- 
ranged in a horizontal position. He 
with H brings the number of periods 
up to six. The rare-earth elements 
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are arranged in a compact group 

following Ba, thereby reducing the 

length of the Cs period. Adams attempted to remedy 
what he considered the principal defect of the Men- 
deléeff table (11), namely, the placing of dissimilar 
elements in the same family. 


HOPKINS—1911 (65): In describing his arrange- 
ment, Hopkins stated ‘‘that Richards’ table (63) is in 
all essentials identical with the one now proposed.”’ 
Hopkins’ chart, however, is a mirror image of Richards’ 
chart, turned through ninety degrees in the clockwise 
direction, omitting H and He, and placing the ‘“‘zero 
group” elements, Ne to Xe, on the right side. Ra and 
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MARGARY—1921 (67): Margary’s table (Figure 12) 
was designed to show each period in an orderly com- 
plete form and all family relationships of the short- 
type chart. The ‘subgroups’ are clearly indicated 
and the rare-earth elements are placed between Ba and 
Ta by giving the inclusive atomic numbers and enu- 
merating the elements at the right side of the chart in a 
vertical column. 


ANTROPOFF—1926 (68): Antropoff’s. chart in its 


final form is virtually a Margary table (67) in which 
the elements of the short periods are given enough 
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horizontal space to extend them in line with the long 
periods. In place of using lines, the columns are 
variously shaded. The He family appears at both 
sides of the chart, while in a central position above C, 
H appears as the element from which all others are 
derived. The rare-earth elements are enumerated in a 
horizontal arrangement at the lower edge instead of at 
the right side, as in Margary’s table. 


DEMING—1927 (69): In its general make-up, Dem- 
ing’s chart embodies many of the good features of the 
charts of Norrish (54), Margary (67), Antropoff (68), 
Rodebush (57), and others. It appears to be a Norrish 
chart with the He family on the left side only; the 
relation of the short periods to the long periods is shown 
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by lines much as in the Margary 
table; the rare-earth elements are 
treated as in the latter’s table, except 
that the vertical column is replaced 
by a rectangular area in the lower 
central part; H is given an impor- 
tant central position as in Antropoff’s 
arrangement. The electron orbits of 
the He family elements are effectively shown in a 
manner similar to that of Rodebush. By heavy black 
lines, the elements are clearly classified as inert gases, 
non-metals, heavy metals, light metals, and rare-earth 
elements. 


STARECK—1932 (70): In Stareck’s periodic table 
(Figure 13) the elements are grouped according to 
atomic numbers and arranged to indicate degree of 
similarity in physical properties. The non-metals are 
plainly segregated. The straight horizontal and zig- 
zag lines show relationships of groups and families. 
The rare-earth elements fit into a large V-shaped ar- 
rangement. The typical eighth-group elements de- 
velop a similar, but smaller, arrangement. 


CONCLUSIONS 


In the early tables of the “Bayley Type,’’ the rela- 
tionships of the subgroups were not indicated; the 
charts of Margary, Antropoff, and Deming, however, 
suggest the relations of families within a ‘“Mendeleéff 
group” by full and broken lines, or by shaded areas. 
The rare-earth elements have received varied treat- 
ment. 
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GRECIAN and ROMAN STUCCO, 
MORTAR, and GLASS’ 


WILLIAM FOSTER 


Princeton University, Princeton, New Jersey 


HE SPECIMENS mentioned in this paper were 

found by Dr. T. L. Shear, professor of classical 

archeology in Princeton University, while con- 
ducting the American excavations at Corinth and 
Athens. 

Stucco may be broadly defined as plaster of any kind 
used as a coating for walls. 

Mortar, as used in this paper, is a building material 
made by mixing lime with sand and water. It is 
utilized in masonry, plastering, etc. 

The method of preparing lime is very old. Under 
the name of ‘‘lime-burning”’ it was employed thousands 
of years ago for producing mortar. 

The Hindus, more than 2000 years ago, produced 
lime by a process which is given in the Susruta, an 
ancient Hindu work. It is described as follows: 

“Collect several kinds of limestones and shells and 
burn them strongly and add water to the resulting 
product.” 

The slaked lime thus formed was added to a solution 
containing potash, obtained by treating wood ashes 
with water. Caustic potash (KOH) was the final 
product. 

Reference is made in the Bible (Deut. 27 : 2) to the 
use of mortar in plastering: 

“And it shall be on the day when ye shall pass over unto the 
land which the Lord thy God giveth thee, that thou shalt set 
thee up great stones, and plaster them with plaster.” 

Vitruvius’ De Architectura (2, 5) and Pliny’s Nat. 
Hist. (36, 55) describe the process for producing lime 
and mortar. 

J. W. Mellor, an English chemist, says: 

The primitive lime-kilns were rudely constructed of stone 
blocks, and usually located in a cavity cut in the side of a hill, so 


that the top was convenient for charging the kiln with limestone. 
In charging the kiln, large pieces of limestone were formed into 


* Presented before the Division of History of Chemistry at 
the Chicago meeting of the A. C. S., September 11, 1933. 


a dome-like arch with large open joints; and the kiln was filled 
with fragments of limestone, the larger pieces of limestone were 
placed above the arch, and the kiln was topped with fragments 
of smaller size. Kilns were also charged with alternate layers of 
limestone and fuel. A wood or other fire was started under the 
arch, and a bright heat was maintained for three or four days. 


ANALYSIS OF STUCCO AND MORTAR 


In the analysis of the specimens from Greece, it was 
not deemed necessary to determine the alkalies and 
magnesia, for these were generally present in relatively 
small amounts and were merely accidental. 

All the specimens examined were found to be lime- 
sand mortars and stuccoes, similar in composition to 
those used in modern times. 

When a mixture of sand and slaked lime sets, carbon 
dioxide is gradually taken up from the air, calcium 
carbonate being formed. Lime is transformed into 
calcium carbonate. All the specimens contained, 
therefore, much calcium carbonate as well as silica. 
Lime and silica have some tendency to form calcium 
silicate. 

The results of the analyses are recorded in Table 1. 

The following is an analysis of “‘water-proof’’ stucco 
from Upper Peirene (sample dried at 105°C.): 

32.42% 
21.95% 

5.51% 
36.13% 


0.90% 
3.09% 


100.00% 


EG EEN bocca ccante av ose 0 geaes 
Insoluble in aqua regia..............+..-- 
Oxides of iron and aluminum........... 
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One of the most interesting things brought to light by 
these analyses is the similarity in composition of the 
stucco from the Greek Fountain House (fourth century 
B.c.) and of the stucco from Tomb II (unpainted), 
which is Roman and dates from the fourth century 
A.D., about eight centuries later. This clearly suggests 
that the Romans may have learned something from the 





TABLE 1 
COMPOSITION OF GRECIAN AND ROMAN Mortars (FOSTER) 


Oxides 
Insoluble of Iron 
in Aqua and 
Regia Aluminum nesia, 
(SiOx, (FesO:+ Lime Alkalies, Total 
etc.) AlzOs) (CaO) etc.) N% 


Remain- 

Loss on der (Mag- 
Ignition 
(H:0 + 

Specimen CO2) 

Lining of Reservoir 

at Sacred Spring, Vth 

or VIith Cent. B.c. 

Floor of Draw-Basin, 

IVth or Vth Cent. 26.44 36.22 5.58 22.62 14 

B.C. 

Small Aqueduct, 

IlIrd Cent. B.c. 32.02 26.34 ; 32. 45 

Greek Fountain 

House, IVth Cent. 32.4: 25.33 5. 33 . 23 3.82 

B.C. 

Roman Stucco from 

Chamber Tomb, 32. 25.58 . 35. 42 

IVth Cent. a.p. 

Roman Repair of 

Peirene, Ist Cent. 30. 30.41 r 27. .78 


36.75 14.87 4.56 36.80 7.02 100.00 


100.00 


100.00 


100.00 
100.00 


100.00 


A.D. 
Wall of Chamber II, 
Peirene, IInd Cent. 30.1 31.70 : 24. 5.77 
A.D. 
Painted Wall Cham- 
ber of Tomb, IInd 38. 2% 2.50 ; 43 .§ 3.45 
Cent. A.D. 
Pebble Pavement, 
Matrix 33. .57 sa 32. .61 
Stucco from Greek 
Spring 
Outside 32.70 24. . 29. .40 
Inside 8.9% 61 13. .32 
(Pipe for conveying 
water.) 


100.00 
100.00 
100.00 


100.00 
100.00 


Greeks concerning the composition of mortars and 
plasters. 

It is also interesting to note that the average quantity 
of sand is about 25 per cent., while the lime (CaO) is 
about 36 per cent. Now, 36 per cent. of lime corre- 
sponds to about 48 per cent. of slaked lime, Ca(OH)s. 
This indicates that approximately 1 part of sand was 
mixed with 2 parts of slaked lime. This does not agree 
with the record left by Vitruvius, a Roman architect, 
military engineer, and writer, in the days of Cesar and 
Augustus. According to him, the ancients were in- 
structed to mix, after slaking, 1 part of lime with 3 parts 
of pit sand. In case river sand or sea sand was em- 
ployed, 2 parts of sand and 1 part of burnt brick, 
powdered and ground fine, were mixed with 1 part of 
lime.* 

For preparing modern mortar, the best proportions 
are 3 parts of fine sand to 1 part of quicklime, recently 
slaked. This is in agreement with the instructions 
given by Vitruvius. 

It is of further interest to note that the Greeks manu- 
factured pebble pavements. The matrix was lime- 
sand mortar, while the pebbles were composed largely 
of calcium carbonate. The pebbles also contained 
about 15 per cent. of silica, which increased their 
hardness. 

As the stuccoes and mortars analyzed were high in 
lime and low in silica, they were rather soft. 


A SECOND CENTURY A.D. ROMAN GLASS 
This specimen of glass was found by Shear in Greece. 
* Ancient Egyptian mortars were prepared by mixing clay 


(Nile mud) with gypsum. According to Lucas, lime was un- 
known in Egypt until Roman times. 
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A thin film of beautifully iridescent material was 
removed from a small cup-shaped piece of the glass. 
It is not uncommon for excavators to find specimens 
of iridescent glass. Some of them resemble the richest 
and most varied wings of butterflies. One piece of 
glass was found in the palace of the Czesars which was 
similar to burnished silver, but with a pearl-like tint. 

Iridescent glass is the result of change or decay. In 
some cases it is due to the action of ammonia. Thus, 
rainbow-like films are sometimes found on the windows 
of stables, where ammonia is formed by the trans- 
formation of nitrogenous organic matter. 

The composition of the specimen of Roman glass was 
found to be as shown in Table 2. Analyses of other 
soda-lime glasses, ancient and modern, are given for 
the purpose of comparison. Analysis of various speci- 
mens of ancient glasses shows that the chemical com- 
position is quite similar to that of modern glasses. Asa 
rule, however, ancient glasses contain more soda and 
potash. Thus, analysis has shown that certain speci- 
mens of Egyptian glasses contain between 20 and 24 per 
cent. of soda.! The great bulk of old glasses consists 
primarily of silica, lime, and alkalies. This is true also 
of modern glassware, but the silica content in modern 
glasses generally is above 70 per cent., while the content 
of alkali rarely exceeds 17 per cent. 


TABLE 2 


CoMPOSITION OF SOME SopA-LIME GLASSES 
Oxides 
of Fe Loss 
Mag- and Al on 
Lime nesia (Fe2Os+ Igni- Potash Total 


Silica Soda 
(CaO) (MgO) AlzOs) tion (K20) % 


Specimen (SiOz) (NazO) 
Roman Glass— 
IInd Cent. a.p. 
(Foster) 
Venetian 
Egyptian 1400 
B.C. 63.72 
Window— 
XIXth Cent. 

U. S. Window 
1929 72.14 
Common Bottle 72.26 


The composition of ancient glass is approximately 
as follows: 


69.52 16.70 8.81 1.16 3.27 0.37 99.83 


73.40 18.58 5.06 2.48 99.52 


20.63 5.20 1.58 0.41 100.67 


69.48 14.55 0.26 2.59 100.28 


99.64 
99.97 


1.29 
0.17 


0.92 
1,42 


16.23 
17.88 


65-70% 
6-10% 
16-23%, principally soda 


NN aso mia as 
Lime and magnesia......... 
ine i Ree TE 
There are comparatively large amounts of iron and 
alumina in old glasses, but these are present as im- 
purities. 
There are reasons why ancient and modern glasses are 
similar in composition. These are summarized by 
Donald E. Sharp as follows: 


(1) Glass must be fusible at commercially obtainable tempera- 


tures. 

(2) Glass must be capable of being fashioned into usable forms 
without crystallization occurring. 

(3) Glass objects must be reasonably permanent in the use 
to which they are put. 


AN ANCIENT COSMETIC 
In concluding this paper, it might be of interest to say 
1 SnarP, Ind. Eng. Chem., 25, 755 (1933). 
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a few words about ancient cosmetics. Chemicals have 
been used as cosmetics for thousands of years. Thus 
the women in the East have long used antimony tri- 
sulfide for painting their eyebrows. This is evidently 
referred to in the Old Testament. (See Kings 9 : 30, 
and Ezekiel 23 : 40.) 

While excavating at Corinth in 1930, T. L. Shear 
found in a woman’s grave a small terra cotta toilet box, 
dating from about 400 B.c. The grave also contained 
a silver coin and several vases. The vanity case con- 
tained little cubes of a white material which was evi- 
dently used as a cosmetic. Chemical analysis proved 
that it was lead carbonate. This compound occurs in 
the natural state, and is called cerusite. 

It is of interest to know in this connection that the 
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Greeks and the Romans manufactured a form of lead 
carbonate (basic lead carbonate) by a method some- 
what similar to the old “Dutch process”’ for the produc- 
tion of white lead, so useful as a paint. The substance 
was known to the Greeks of antiquity as ‘‘psimythion’”’ 
and to the Romans as “‘cerussa.’’ Pliny informs us 
that it was made by placing shavings of lead over a 
vessel filled with the strongest vinegar. Carbon 
dioxide was also required, as in the Dutch process for 
the manufacture of white lead. 

Apparently the ancients were not acquainted with 
the poisonous nature of lead carbonate. 

According to Shear, the material found in the Greek 
toilet box is the first or earliest white cosmetic ever 
recorded. 


"re, 
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RESEARCH CONFERENCES ON CHEMICAL PHYSICS 


THE JOHNS HOPKINS UNIVERSITY announces a series 
of Research Conferences on Chemical Physics to be held 
at Gibson Island, Maryland, June 25th to July 21st. 
There will be one formal lecture or conference a day. 
Other time will be free for special conferences or for 
sports and recreation. The Island has an excellent 
golf course, perfect tennis courts, ideal swimming ac- 
commodations, and the fishing in the Chesapeake Bay 
is unexcelled. A dense forest covers part of the island. 

The program, subject to such minor modifications as 
new developments in the fields covered may dictate, is 
as follows: 


A. SURFACE PHENOMENA. Dr. Irving Langmuir. June 25-29. 
The week’s conferences include a series of lectures and discus- 
sions on various problems associated with “surface phenomena.” 


B. THERMAL ENERGY AND THE STRUCTURE OF MOLECULES. Pro- 


fessor Donald H. Andrews. July 2-6. 


July 2. Dr. Donald H. Andrews, ‘‘The Distribution of Therma] 
Energy in Molecules at Low Temperatures.” 

July 3. Dr. Donald H. Andrews, ‘‘The Bending of the Chemical 
Bond.” 

July 4. Dr. John R. Bates, ‘‘Molecular Structure and Chemical 
Reactions.”’ 

July 5. Dr. Charles P. Smyth, ‘‘The Effect of Dipole Forces 
upon the Energies of Crystalline Lattices and Molecules.” 

July 6. Dr. Donald H. Andrews, ‘The Effect of Isotopes on the 
Thermal Energy of Crystal Lattices and Molecules.” 


‘ 


C. HEAVY HYDROGEN. Dr. Harold C. Urey. July 9-13. 


July 9. Dr. F. G. Brickwedde, ‘‘Vapor Pressures of the Hydro- 
gens and the Discovery of Deuterium.” 

July 10. Dr. Harold C. Urey, “The Electrolytic Method of 
Separating the Hydrogen Isotopes.” 

July 11. Dr. Harold C. Urey, ‘‘The Thermodynamic Properties 
of the Hydrogens and Their Compounds.”’ 

July 12. Dr. Harold C. Urey, ‘“‘The Effect of Mass on the Ki- 
netics of Chemical Reactions.” 

July 13. Dr. Harold ©. Urey, ‘““‘Transmutation Reactions.” 


D. THE STRUCTURE OF SOLIDS, LIQUIDS, AND GASES. Dr. Maurice 
L. Huggins. July 16-20. 

July 16. Dr. Maurice L. Huggins, ‘Principles Determining 
Arrangements of Atoms, Ions, and Molecules in Crystals.” 

July 17. Dr. Sterling B. Hendricks, ‘Irregularities in Crystal 
Lattices.” : 

July 18. Professor B. E. Warren, ‘‘X-ray Diffraction in Glasses 
and Liquids.” 

July 19. Professor Eric R. Jette, ‘‘Crystal Structure Studies in 
Metallic Alloy Systems.” 

July 20. Dr. L. R. Maxwell, ‘“The Structure of Gaseous Mole- 
cules as Determined by Electron Diffraction.”’ 


Registration may be made for the entire session or 
for any single week. The registration fee is five dollars 
per week. Information regarding special rates for 
board and room at the Island, advanced registration, or 
other details will be supplied upon request by Neil E. 
Gordon, Chemistry Department, The Johns Hopkins 
University. 





DISCOVERY and EARLY HISTORY 
of PLATINUM in RUSSIA 


B. N. MENSCHUTKIN 


ONG before it was found in the Ural mountains, 
platinum constituted an object of research for a 
very versatile Russian statesman, Apollos Apollo- 

sovié Musin-Puskin (1760-1805). He was vice-presi- 
dent of the Mining College in St. Petersburg, honorary 
member of the Russian Academy of Sciences, and 
member of the Royal Society of London; he created 
in 1804 the Mining Cadet Corps of St. Petersburg—the 
Mining Institute of the present day. The last years 
of his life were spent as administrator in the Caucasus, 
where he still found time for work in his chemical labo- 
ratory at Tiflis. 

The results of Musin-PuSkin’s chemical investigations 
were published in the Annales de Chimie up to the year 
1804. He seems to have been the first to prepare pure, 
colorless and transparent phosphorus; he discovered 
chrome alum (1800), sodium tungstate, etc. His work 
on platinum was begun in 1797. In the paper “‘Sur 
les sels et les precipités de platine’’ are contained deter- 
minations of the solubility of ammonium chloroplati- 
nate, a description of the preparation of magnesium 
and barium chloroplatinates and of beautiful crystals of 
sodium chloroplatinate (regarded at the time as un- 
crystallizable). He obtained platinum amalgam by 
triturating quicksilver with ammonium chloroplatinate, 
also by triturating platinum sponge powder with the 
fivefold quantity of mercury. He prepared malleable 
platinum out of this amalgam by placing it in a wooden 
mold, pressing out the excess of mercury and gradually 
heating the mold to the temperature of evaporation of 
the mercury; thereafter the molds were burned and the 
metal brought to a white heat for two hours or more: 
thus was produced malleable platinum which could 
be hammered like silver. Let it be recalled that at 
this time only one method for working platinum was 
known, namely, by fashioning objects out of an 
alloy of platinum and arsenic, and heating until the 
arsenic was driven off (the process of the jeweler 
Jannety, communicated by Lavoisier to the French 
Academy of Sciences in 1790). The last investigations 
of Musin-Puskin on platinum were published only in 
Russian in 1805; they deal (1) with the preparation 
and properties of fulminating platinum, (2) with the 
best method of separating platinum from iron (by 
means of sodium carbonate), and (3) with the discovery, 
preparation, and properties of platinum sulfide. All 
of the essays of Musin-PuSkin are written in a clear, 
terse style and testify to his great observational skill 
and capacity for work. 

Indications of the existence of platinum in Russia 
were obtained prior to the year 1819; a white metal 
was observed in the gold placers of the eastern (Si- 


berian) flanks of the Ural mountains to the south of 
Ekaterinburg (since 1918 Sverdlovsk). In 1819 a 
specimen of it was brought for investigation to the 
Gold-smelting Laboratory of Ekaterinburg, and samples 
of the white metal were received also during subsequent 
years. The scientific study of it was made only in 
1822, when I. I. Varvinskij was appointed director of 
the Laboratory. He made several tests indicating 
that the metal contained platinum, and sent all that 
was left to St. Petersburg where it was investigated in 
the chemical laboratory of the Mining Cadet Corps by 
Bergprolierer V. V. Liubarskij who showed it to be 
osmiridium identical with that found in America 
(Columbia). A further quantity of the white metal, 
about 100 grams, reached St. Petersburg in 1824, and 
V. V. Liubarskij made a quantitative analysis. The 
metal had the following composition: 60% iridium, 
30% osmium, 5% iron, 2% platinum, and 0.7% gold. 
During the year 1824 platinum was discovered to the 
north of Ekaterinburg in the Ural. The newly ap- 
pointed director of the Goroblagodat Mining District, 


N. R. MamySev, was certain that this region contained 
both gold and platinum. Accordingly, in the summer 
of that year he sent out several mining officers to make 


the necessary explorations. These were crowned with 
complete success: during August and September of 
1824 three rich placers were found, two containing 
gold and platinum and one having almost pure plati- 
num. The next summer witnessed an immense in- 
crease in the number of platinum placers discovered, 
and was the first season of platinum production. In 
1825 eleven pouds (180.14 kilograms) was extracted. 
This quantity for that time was prodigious, as America 
had produced up to 1825 (since 1741) but a little over 
one ton of platinum. 

Forthwith platinum was declared a state monopoly. 
The abundance of the metal naturally raised questions 
as toitsuse. Here again the energetic N. R. MamySev 
came to the fore. He commissioned Oberbergmeister 
A. Archipov to investigate possible applications of 
platinum. During the year 1825 A. Archipov obtained 
malleable platinum by the method of Jannety, made 
a number of objects out of it, and showed that they 
were equal to those manufactured in Paris. He fur- 
ther investigated the alloys of platinum with iron and 
copper. Of the many alloys prepared we may mention 
those containing (a) 80% Pt, 20% Cu, and (b) 67% 
Pt, 33% Cu. Both were found to be almost com- 
pletely acid-resistant, the latter taking on a beautiful 
polish and being of a lovely, light rose color. Of the iron 
alloys the most remarkable was obtained by adding 
1.38% of platinum to carbon steel; this alloy was 
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found to be extremely hard and not brittle when 
quenched, resembling in its properties the famous East 
Indian wuiz. 

Meanwhile the investigation of platinum was carried 
on in the Mining Cadet Corps at St. Petersburg, under 
the direction of P. G. Sobolevskij. Petr. Grigorievi¢ 
Sobolevskij is an outstanding figure in the early history 
of Russian platinum. Son of a surgeon, born in 1781, 
he began his career as a military officer, but left the 
military service in 1804 and thereafter occupied ad- 
ministrative and technical posts. In the beginning of 
1826 he was appointed director of the large new chemi- 
cal laboratory just erected at the Mining Cadet Corps. 
He was one of the professors of chemistry of this 
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secret; he disclosed it only two years later, in 1828, 
in the Bakerian lecture. 

P. G. Sobolevskij gave the first public demonstra- 
tion of the new method in the chemical laboratory of 
the Mining Cadet Corps on January 23rd, 1827, in 
the presence of the director of the Mining Corps, E. V. 
Karneev, and a large number of visitors. One of the 
latter, N. P. Séeglov, the first professor of physics at 
the University of St. Petersburg (which was opened 
on February 8, 1819), has left us a description of 
this demonstration which is memorable in the history 
of Russian platinum. Two months later, on March 
21st, P. G. Sobolevskij made the communication in a 
formal meeting of the Scientific Committee on Mining 
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Institute, corresponding member of the Russian Acad- 
emy of Sciences, and held many other commissions. 
His sudden death occurred on October 24, 1841. 
First of all, accurate analyses of platinum from 
the Goroblagodat district were made by V. V. Liu- 
barskij, who was throughout associated with P. G. 
Sobolevskij in this work. These showed that the metal 
was crude platinum, containing little osmiridium. A 
method for obtaining pure platinum on the large scale 
was worked out, consisting of dissolving the crude 
platinum in aqua regia and precipitating ammonium 
chloroplatinate by ammonium chloride. But the 
attention of P. G. Sobolevskij and V. V. Liubarskij 
was chiefly occupied by the quest for a cheap method for 
the production of malleable platinum from the plati- 
num sponge which resulted from the calcination of the 
ammonium chloroplatinate. They succeeded in dis- 
covering it in the latter half of 1826. This method is 
essentially the same as that used by W. H. Wollaston 
in London. In 1826 Wollaston’s process was still a 


Bust in the Library of the 
Mining Institute. 


and Salt Industries; the members were shown differ- 
ent objects, some medals, and an ingot weighing six 
pounds, of Russian platinum. For this invention both 
P. G. Sobolevskij and V. V. Liubarskij received special 
gifts from the Emperor Nicholas I. 

In the Mining Journal of 1827 P. G. Sobolevskij 
thus describes the process: 


The method is as follows: Pure platinum sponge is packed as 
tightly as possible into an iron mold having the form of a hollow 
cylinder, and compressed strongly by means of a screw press. On 
taking it out of the mold a compact metallic disc is obtained. 
Platinum in this'state is not malleable, the force of cohesion be- 
tween the particles does not withstand sharp blows—the disc 
breaks and crumbles. In order to transform such discs into 
malleable platinum it is only necessary to bring them (in the 
same mold) to a white heat and in this state to compress them 
again. At once the disc completely changes its appearance: the 
granular structure becomes compact and the disc can be forged. . . 
Hereafter the discs are hammered into bands or bars in the usual 
way. 


Afterward the method was simplified and is thus 





APOLLOS APOLLOSOVIG MUSIN-PUSKIN 
1760-1805 


described in the ‘‘Fundamentals of Pure Chemistry,”’ 
1831, of G. Hess,* where the description is supple- 
mented by the figure which is reproduced herewith. 


On the steel bedplate of the press, C, is placed a hollow iron 
cylinder, a [the mold of the former description]; it is filled 
with powdered platinum sponge (usually three pounds). The 
platinum powder is covered by a steel cylinder, 6, easily fitting 
the tube, and is compressed by means of the press. Platinum 
is obtained in the form of a compact metallic disc. ... Several 
of these discs are then placed in one crucible and brought to white 
heat. The particles of platinum weld together, the discs con- 
tract the higher the temperature the better for subsequent 
treatment..... The discs are thereupon hammered at the 
forge into bands just like iron. 


Now that a method of working platinum had been 
invented, platinum could be freely used for different 
purposes. The production rose every year; in 1826, 
13.5 pouds were produced; in 1827, almost 26 pouds; 
in 1828, 95 pouds; in 1829, 78.5 pouds; and in 1830, 106.5 


* Germain Henri Hess (in Russian, German Ivanovié Gess) 
was one of the foremost Russian physical chemists of the second 
quarter of the nineteenth century. Born in Geneva in 1802, 
he early came to Russia. A medical doctor by profession, he 
did not practice, but was professor of chemistry and inspector 
of the Mining Cadet Corps after 1832, one of the founders 
of the Technological Institute of St. Petersburg’ (1828), member 
of the Russian Academy of Sciences (1834), and professor of 
chemistry in other higher institutions of St. Petersburg. He 
wrote an excellent textbook, ‘‘Fundamentals of Pure Chemistry,” 
the first edition appearing in 1831 and the last, the seventh, 
in 1849. In 1835, together with P. G. Sobolevskij, S. J. 
Negéaev, and M. S. Soloviev, he devised a scheme of rational 
Russian chemical nomenclature which is used to this day. He 
is widely known for his work on the heat of chemical reactions 
(1836-1841). The “law of Hess” is to be found in every text- 
book of physical chemistry. He died in 1850 at the early age of 
forty-eight years. 
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pouds (one poud = 16.38 kilograms; 61 pouds = 1 
ton). The government gave platinum freely to Rus- 
sian and foreign scientists for investigation, and during 
the years 1825-1830 these donations amounted to 
nearly one poud. In the year 1825 N. R. MamySev 
proposed to use platinum for coinage; this proposal 
received the sanction of Nicholas I and was realized 
by the Minister of Finance, Count E. F. Kankrin. 
The first platinum coins were minted in 1828, and 
some of these were sent to A. von Humboldt, who ad- 
vised E. F. Kankrin on certain questions pertaining to 
the coinage. The coins were of three denominations; 
three roubles, containing 2 zolotniks 41 dolia (= 10.352 
grams) of pure platinum; six roubles, containing 4 
zolotniks 82 dolia (= 20.704 grams) of platinum; and 
twelve roubles, containing 9 zolotniks 68 dolia (= 41.408 
grams) of pure platinum. They were minted during 
all of the following years up to 1845 inclusive, when the 
successor of Count E. F. Krankrin, Minister of Finance 
E. Vronéenko, discontinued the issue, being afraid of 
counterfeits. During the eighteen years 1828-1845 
almost 1,400,000 pieces were made, to the nominal sum 
of 4,251,843 roubles, containing 899 pouds 30 pounds 
(= 14.75 tons) of platinum. Some of the issues are 
exceedingly rare, as for instance those of 1839 and 1840, 
when only one or two coins of each denomination 
were struck. Up to 1845 inclusive some 2000 pouds 
(= 32.8 tons) of crude platinum were extracted, so 
that the amount used for coinage is responsible for 
more than half of the total quantity of pure platinum 
mined. In 1846 platinum coins were withdrawn from 
circulation, and the public returned to the Treas- 
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ury 3,263,292 roubles worth of platinum money or 
about three-quarters of the amount which had been 
issued. At that time platinum did not command a high 
price. 

Suspension of platinum coinage marks the end of 
the first period in the history of Russian platinum. 
We shall not follow it farther, only reminding the 
reader that the sixth of the platinum metals, ruthenium, 
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was discovered by Professor K. K. Klaus of the Kazan 
University in 1844, as related in “The Discovery of the 
Elements,” by Mary Elvira Weeks [J. Cuem. Epuc., 
9, 1028 (1932) ]. 


Note: The letters used in transcribing Russian names are 
pronounced: ¢ like ch in chain; § like sh in shall; ch like h in 
hall; y asin Polish, a very deep i (there is no English equivalent) 
and j as y in jay or joy 





SPECIAL EXERCISES for STUDENTS 
in GENERAL CHEMISTRY’ 


IIT. Crystal Growth 
G. BRYANT BACHMAN 


The Ohio State University, Columbus, Ohio 


The purification of soiid materials by various methods 
of crystallization is so familiar a process to the average 
chemist that he usually sees only the practical significance 
of his work. His esthetic appreciation of this splendid 
phenomenon is, one might say, deadened by too great a 


++ + 


N THIS, the third of a series of special exercises, 

it seems advisable to call attention once more to the 

objective in mind. It was pointed out previously 
that in order to care properly for students of superior 
ability the instructor in a general chemistry laboratory 
must provide extra experiments which are interesting 
as well as instructive. It is believed that a successful 
method of doing this has been described. It consists, 
namely, in so coloring new material with experiments 
which per se are interesting that the student will 
readily tackle the more serious points in his enthusiasm 
for the seemingly more trivial ones. For example, in 
this exercise the observation of crystallization taking 
place and the preparation of a crystal-encrusted orna- 
ment provide the interest which leads the student into a 
consideration of the subject of crystal growth. For the 
successful development and maintenance of such an 
interest it is sufficient that something be created which 
is tangible and also novel, something which can be taken 
home if desired and exhibited to friends and relatives. 
A great pride naturally arises in the student from this 
event and this pride serves to stimulate him to study 
his subject and to make himself capable of explaining 
what he has done. Naturally, in order to do this he 
must digest and learn at least part of the material his 
instructor is interested in having him learh. 


* Contribution of the Chemical Laboratory, The Ohio State 
University. 


familiarity. On the other hand the uninitiated finds in 
the development of individual crystals a display both 
interesting and beautiful. This fact can be put to ad- 
vantage in the instruction of students in the first-year 
laboratory. 


++ + 


Although only three exercises have been described to 
illustrate the objective outlined above, it will be 
apparent that a little thought on the part of the labora- 
tory instructor will lead to other exercises illustrating 
other fields. So long as at least one part of the experi- 
ment consists in the making of something novel to the 
student, the other parts may be largely confined to 
more serious material, with the safe assurance that they 
also will receive greater consideration. 


THE CRYSTALLINE STATE 


A motto of the chemist is that ‘‘anything that is 
crystalline is pure.” While this statement is not 
strictly true, it owes its origin to the fact that a change 
from a non-crystalline or amorphous form to a crystal- 
line form is usually accompanied by an elimination of 
impurities in the material at hand. For this reason 
methods of obtaining good crystals have been rather 
carefully studied, and the facts so learned have for a 
long time been put to practical use. For example, the 
pure white crystalline structure we associate with 
ordinary table sugar is so familiar that a conscientious 
housewife would not think of either purchasing or using 
a sample of sugar inferior as to color or crystalline form. 
Nevertheless, the culinary departments of our homes 
have not always been able to exercise such a careful 
selection of sweetening agents, and it was only after 
many years of laborious experimentation that there 
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CrysTAL GROWTH ON PIPE-CLEANER SUPPORTS 


was developed the technic of purification and crystal- 
lization which has made possible the uniformly high- 
grade crystals of sucrose we now enjoy. 

The important points which must be observed in 
obtaining good crystals may be simply summarized as 
follows. (1) The material must be sufficiently pure. 
(2) The rate of growth must be relatively slow and 
even. Various methods are known for attaining both 
of these aims although it is in the second that we are 
more particularly interested here. First-year chemis- 
try students are rarely acquainted with even a few of 
the procedures whereby slow and even growth of crys- 
tals may be accomplished. 


SLOW EVAPORATION OF A SOLUTION 


When a substance is relatively soluble in water good 
crystals may usually be obtained by exposing the solu- 
tion to the air to evaporate and at the same time pro- 
tecting it from dust, drafts, and sudden changes of 
temperature. This may be illustrated by placing a 
few cubic centimeters of a saturated solution of copper 
sulfate in a watch glass and allowing it to stand for an 
hour or so in a protected spot. Beautiful blue, flat 
plates, all of the same general shape will form, varying 
in size according to the speed of evaporation. Working 
with larger volumes of solution and carefully controlling 
the rate of evaporation so that it remains slow and even 
it is possible to prepare very large crystals by this 
method. 


SLOW COOLING OF A HOT SATURATED SOLUTION 


This is the method which is frequently the most 
convenient for crystallizing matter. It depends upon 
the fact that most substances are less soluble in a given 
liquid at low temperatures than they are at high tem- 
peratures and that a solution saturated at one tempera- 
ture will deposit some of the dissolved material of its 
own accord when cooled to a lower temperature. Here 


again the temperature must be lowered slowly if large 
crystals are to be obtained. A beaker of hot water 
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nearly saturated with potassium dichromate, if allowed 
to stand undisturbed until cool, will deposit fairly large 
crystals, but a portion of the hot solution if cooled 
quickly by shaking in a test-tube under running water 
will deposit only a fine powder which bears little formal 
resemblance to the larger crystals. 

Hot, saturated solutions of some substances do not 
deposit their dissolved material on cooling as rapidly 
as it seems they should. In the case of a compound 
such as sodium thiosulfate the hot saturated solution 
may even be cooled to room temperatures without 
depositing a single crystal. When this occurs the 
liquid is obviously holding more material in solution 
than it is capable of dissolving at the lower temperature 
and hence the solution may be said to be supersaturated. 
So rapidly does precipitation occur upon addition of a 
crystal of the solute that large crystals do not have 
time to form, and usually only very small ones result. 
Evidently, then, it is important to avoid supersaturation 
when trying to grow large, well-formed crystals. 

Singularly enough crystals will start to form in a 
solution not only on a crystal of the material in solution 
but frequently on fine particles of some foreign material 
also. The hairlike projections of an ordinary pipe 
cleaner furnish admirable starting points for crystalline 
growth, most of the material crystallizing on the pipe 
cleaner and literally covering it with an incrustation of 
well-formed crystals. Many beautiful forms may be 
obtained in this manner if one is clever at designing. 
The accompanying photograph shows the result of 
allowing some of these pipe-cleaner designs to act as 
crystallization centers in a hot, saturated solution of 
potassium dichromate. The board shown in the photo- 
graph served as a designing board. With its aid all 
sorts of ornamental figures may be formed from two or 
more pipe cleaners wired together. The picture cannot 
of course transmit the beautiful orange-red color of the 
crystals satisfactorily. 


SLOW REACTION BETWEEN A SOLUTION AND A SLIGHTLY 
SOLUBLE SUBSTANCE 


A product formed as the result of a slow reaction will 
have ample time to form good crystals. One method of 
realizing such a slow reaction is to select a solvent in 
which one reactant is soluble while the other is but 
slightly soluble. As a well-known example of this 
method one might mention the fact that a strip of 
metallic zinc if hung in a ten per cent. lead acetate 
solution will gradually go into solution, and, as a result 
of its position in the electrochemical series, displace the 
lead from solution. A magnificently beautiful lead 
crystal aggregate known as a “‘lead tree” will form and 
hang suspended from the zinc strip. Similarly, a 
“silver tree’ results from the interaction of metallic 
mercury and a ten per cent. silver nitrate solution. 


SUBLIMATION 


Quite a few substances have melting points higher 
than their boiling points at atmospheric pressures and 
hence, when heated, pass into the vapor state without 
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even liquefying. Such substances usually deposit in 
crystalline form when their vapors come into contact 
with a cool surface. This process may be made to 
serve both for purification and crystallization whenever 
it is applicable and so long as the impurities themselves 
are not volatile. Naphthalene made impure by ad- 
mixture with powdered charcoal serves well to illus- 
trate the method. <A few grams of the mixture may be 
placed in an evaporating dish and covered with a glass 
funnel. Upon heating cautiously the naphthalene will 
sublime without melting and deposit again in large 
flakes upon the cooler walls of the funnel. Evidences 
of its purity and crystalline form will be readily ap- 
parent. If now the funnel is quickly removed the 
naphthalene vapor still present on coming into contact 
with the surrounding cold air will be condensed to a 
floating cloud of sparkling crystals. In the sunlight 
this experiment is especially effective. 


QUESTIONS ~ 


In aiding the student to write up a report of the above 
experiments certain questions may be asked. A few 
of those used in these laboratories are as follows. (1) 
On the basis of the electrochemical series explain why 
we could not have used copper instead of zinc in forming 
the lead tree. Name one other metal that would have 
worked well. (2) Define the term sublimation. Why 
cannot all substances be purified by this method? 
(3) Account for the effectiveness of naphthalene in 
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moth prevention in a trunk, for example, where only a 
few pieces of the solid substance are distributed among 
the articles in the trunk. (4) Describe how the large 
deposits of practically pure table salt which occur in 
several places in this country may have been formed. 
(5) Can you account for the fact noted by many in- 
vestigators that a difficultly crystallizable substance 
when once isolated in the crystalline condition in a 
certain room may usually be readily recrystallized in 
that same room even after a lapse of several years? 
(6) How may supersaturation of a solution be pre- 
vented or overcome? (7) Why should a solution in 
which one is trying to prepare a single large crystal be 
protected from dust particles? (8) If you were at- 
tempting to prepare very pure crystals of some particu- 
lar substance what kind of material would you use to 
start the crystal growth? Other questions will doubt- 
less suggest themselves. The student should of course 
be asked also to describe in his report the experiments 
he has done. 
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EXPLOSION HAZARD IN COATING MIRRORS 
JAMES C. RICE 


Junior College of Kansas City, Missouri 


METHODS of silvering mirrors based upon the reduc- 
tion of ammoniacal solutions of silver are described 
in many recipe books but, unfortunately, the dangers 
attending the procedures used in the methods are not 
stressed. That they are dangers in the most real sense 
is pointed out by Mellor.* 

The instability of the compounds formed in silverirg 
baths leaves the nature of their identity in doubt. 
However, as early as 1767, according to Mellor, J. 
Kunckel described ‘“fulminating silver’? formed in 
ammoniacal silver solutions. This compound is not 
silver fulminate but more probably silver nitride, 
Ag;N, or silver imide, AgegNH, or a mixture of both. 





*MELLOR, J. W., “A comprehensive treatise on inorganic and 
theoretical chemistry,’’ Vol. III, Longmans, Green & Co., Ltd., 
London, 1928, p. 381. 


Whatever the nature of the compounds may be, the 
fact remains that concentrated solutions of ammoniacal 
silver, or moderately strong solutions when heated, are 
explosive. 

All the constituents of the ammoniacal solutions of 
silver, made according to standard recipes, are capable 
of inflicting serious damage to the cornea. Silver ions 
are protein precipitants and the caustic alkali and the 
ammonia are, by virtue of their hydroxyl ions, es- 
charotics. ' 

We have recently observed the violence of the ex- 
plosion of a silvering bath and are impelled by a sense 
of duty to point out the danger. Because we believe 
that a knowledge of this hazard has not been sufficiently 
disseminated, we suggest that the authors of recipe 
books incorporate in their recipes the warning that 
the procedure is extremely dangerous. 










































EXAMINATION QUESTIONS 
in PANDEMIC CHEMISTRY 


JOHN R. SAMPEY 


Howard College, Birmingham, Alabama 


To emphasize the difference in the method of approach 
and the content between the first-year preprofessional 
course and ‘‘pandemic’’ chemistry, a few examination 
questions from the latter are given. 


+++ + + + 


HE ATTITUDE of instructors toward their own 
sli examination questions varies from that of the 

inexperienced youngster seeking to parade his 
superior knowledge before the class, to that of the 
solicitous gray-beard striving to lessen the mental 
anguish of the ordeal that from the student’s angle 
constitutes the curse of our educational system. The 
thought given to the preparation of the questions ranges 
from that of the much maligned university professor 
whose professional standing is in no wise determined 
by his success as a teacher, and who may, therefore, 
give no consideration to the matter until he arrives in 
the examination room, to that of the instructor in high 
school, one of whom to my certain knowledge begins 
weeks in advance in the systematic evaluation of each 
question in its relation to the several phases of the 
course, and who gives equally painstaking care to the 
exact wording of each phrase. 

Regardless, however, of the motive actuating the 
instructor, or the time he gives to the preparation of 
the questions, there is an arresting truth in the state- 
ment that a course may be judged by the examination 
questions. In no other way may the contrast be more 
sharply drawn between the usual professional first- 
year course in college chemistry and that of the pan- 
demic type. For a number of years the author has 
made out sets of questions for each group, and the 
experience has impressed him with the absurdity of 
trying to follow the usual procedure of straddling the 
fence in introducing into a preprofessional course 
enough material of general interest to hold the liberal 
arts student. Examinations for the preprofessional 
group should be largely mathematical with the trend 
in both theoretical and industrial developments to- 
ward that field. To ask such a group to turn from 
the solution of problems on the gas laws, ionic equilib- 
rium, and hydrolysis to a discussion of some subject 
that is nearer the present and future interests of the 
liberal arts student is a compromise that cannot be 
satisfactory to either group. 

To emphasize the wide difference in the approach 
and content of the two courses a few examination ques- 
tions from the pandemic course are listed below. These 
are taken from a set of several hundred questions, most 
of which are of a more factual nature dealing with the 


theoretical and applied subject matter. Every impor- 
tant test and examination, however, has contained 
questions of the type below. 


1. What is meant by the scientific method of approach to a 
problem? Give three illustrations. 

2. How would you determine if a newly announced discovery 
were scientific or pseudo-scientific? Describe at least three 
tests you would make. 

3. What sources of scientific information have you learned 
to use that you think will prove of value in future years? 

4. What references stand out as most significant in your year’s 
parallel reading? Explain why you think so. 

5. What new points of view or methods of thought seem most 
valuable from the course? 

6. Illustrate through Acheson’s discovery of carborundum 
the working of the mind of a research chemist. What 
part did luck play in the experiment? 

7. Howare great discoveries made? Describe the qualifications 
of a research worker in physical science as given by Little, 
Millikan, Gregory, and others. 

8. What are the three periods of human progress according 
to Dr. Slosson? Illustrate each period in the development 
of dyes, medicines, and building materials. In which of 
the three periods do you classify most of your own mental 
processes? 

9. List two so-called “lost arts,’”? and show how modern meth- 
ods of manufacture in each case produce equal or superior 
products today. 

10. What conceptions do you have of scientific progress by 1999 
in the light of the advancement of the last seventy-five 
years? Limit your reply to the fields of textiles, trans- 
portation, and agriculture, 

11. How did the chemical engineer Kettering justify his exist- 
ence to his friend the banker? 

12. What are the evils of technocracy, and how may they be 
met scientifically? 

13. Describe three monopolies that chemical research has 
broken. Name three monopolies that still exist. What 
progress is being made toward their dissolution? 

14. Describe three industrial developments where the by-prod- 
ucts have become of equal or near equal value to the main 
product of manufacture. 

15. Name five workers in pure science whose work has borne 
fruit industrially. Describe two of these developments in 
some detail. 

16. Interpret by means of the Lewis or Bohr models of the atom 
three of the following phenomena: 1. Valence. 2. Order 
of activity of metals and non-metals. 3. Periodic table. 
4. Ionization. 

17. What special piece of apparatus or demonstration gave you 
the clearest idea of the nature of the atom? Explain in 
detail. 

18. Illustrate the need for closer coéperation between the medi- 
cal and chemical professions. 

19. What foods might help correct the following conditions: 
1. Anemia. 2. Nervousness. 3. Decayed teeth. 4. 
Dwarfism. 5. Scurvy. 6. Sterility? 

20. Outline the argument that Major Lefebure made in 1919 
that the German dye industry constituted a threat to world 
peace. 

21. Hasgas warfare cometostay? List arguments pro and con. 
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A PROGRAM for ORGANIC 
CHEMISTRY in the LIBERAL 


ARTS COLLEGE 


J. B. CULBERTSON 


Cornell College, Mt. Vernon, Iowa 


Some preprofessional and other studenis require, 
or desire, a brief general survey course in organic chem- 
istry. Other preprofessional students and chemistry majors 
demand a full year of study in this field of chemistry. 
A composite arrangement to meet these requirements and 
to lay foundation for further work 1s here given for the 
small liberal arts college. 


+++ + + + 


N THE organic chemistry course the small liberal 
I arts college is confronted with the problem of 
meeting the requirements of a variety of students. 
It has been a rather general practice to give a one-year 
course of a total of approximately eight semester-hours 
credit. This has met the needs of undergraduate chem- 
istry majors quite satisfactorily. Preprofessional and 
other students have been compelled to work such a 
course into their schedule if they were to take any 
organic chemistry at all. However, there are the pre- 
professional students who desire to meet only the 
rather common minimum requirement of four semester 
hours in general organic chemistry. There are also 
those who wish to have about four hours of organic 
chemistry as a foundation for work in other fields 
such as in certain branches of biology and geology. 
And then a student arises now and then who wishes a 
short survey of the field for the cultural and informa- 
tional value afforded. It is impracticable, if not im- 
possible, for the smaller college to offer separate courses 
in organic chemistry, one short four-hour course and the 
longer eight-hour course, as is frequently done in larger 
institutions. 

During the past four years the following program has 
been carried out at Cornell College. Two semester 
courses of four hours each have been offered during 
the school year.* In the first half-year there is an intro- 
ductory four-hour course giving a general survey of the 
principal groups of organic substances, their properties 
and relations, both of the aliphatic and aromatic series. 
This has appeared to meet satisfactorily the require- 
ments of those students who desire the shorter course. 
In the second half-year a more advanced and extended 
study of organic compounds, reactions, and theories 





* This two-unit scheme of division for the organic chemistry 
work of the first year has been proposed by Roger Adams, with 
a generally different purpose in view. ‘The ‘introductory 
course in organic chemistry: Minimum essentials of subject- 
matter,” J. Cuem. Epuc., 4, 1003-5 (Aug., 1931). 


is presented. This second course rounds out the more 
complete training of the student in the field of organic 
chemistry. It is not a mere continuation from the first 
course. Compounds of both the aliphatic and aromatic 
series are reconsidered in a more thorough manner. 
Coupled with the pedagogical advantage of some repeti- 
tion, there is an increased significance in the re-study of 
aliphatic compounds in the light of some knowledge of 
the aromatic. Ina way that cannot be consummated 
in the shorter general course, this study of compounds, 
properties, and reactions is interwoven with a con- 
sideration of the important organic syntheses such as 
those of Wurtz, Grignard, Friedel-Craft, Sandmeyer, 
etc., and with such topics as stereoisomerism, tautom- 
erism, experimental evidence for molecular structures, 
and relations of molecular constitution to certain 
physical properties and to physiological action. Such 
groups of compounds as the carbohydrates, proteins, 
dyes, and drugs are more fully discussed. An attempt 
is made to point out some of the limitations of informa- 
tion upon various topics. 

By this two-unit scheme, those who desire only the 
shorter course may cover as much of the general field 
of organic chemistry as it is possible to include in a 
four-hour introductory survey. It is our opinion, based 
upon experience with this program and with previously 
given eight-hour-unit courses, that those who must have 
more organic chemistry as a foundation for future work 
do not suffer in this two-unit program. What may be 
lost by way of the well-consolidated continuity of 
treatment in the continuous eight-hour course is more 
than offset by the following advantages in the two 
four-hour units. (1) Students in the longer con- 
tinuous course tend to forget much of the earlier parts 
before they have completed the later. A brief review 
of earlier work refreshes the memory on points pre- 
viously studied and furnishes a point of departure 
for more intensive study in those particular phases of 
the subject. (2) This re-study is fortified and en- 
riched by some acquaintance with the more extended 
field. The distinctions as well as correlations between 
various compounds of the aliphatic and aromatic divi- 
sions are not so clearly observed, the significance of 
such general phenomena as tautomerism and stereo- 
isomerism, and the breadth of application and impor- 
tance of certains ynthetic procedures are not so well 
established in the mind of the student, until a survey of 
both the aliphatic and aromatic fields has been made. 
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(3) These two unit courses are not to be looked upon as 
two hurried surveys of the same general field. The 
second of these especially—-built upon the first unit, of 
course—should be rather intensive and only those 
students who have a determined purpose and demon- 
strated ability should continue with it. 

In the laboratory, where two three-hour periods are 
available each week, the first-semester course is con- 
cerned with the usual fundamental methods and pro- 
cedures of organic chemistry. The work of the first 
half of the second-semester course continues in a similar 
fashion to give the student a general acquaintance 
with the preparations and characteristics of important 
types of organic substances. For the latter half of 
this course the students have been given individual 
preparations and studies to carry out.* Assignments 
are made with general regard to abilities and interests 
of the students. A choice is offered where a student 
displays a definite desire for some particular prepara- 
tion. Many of these preparations are more difficult 
than those ordinarily assigned in the first-year organic 
chemistry course. They are such as may be found in 
general treatises on organic preparations. Ina number 
of cases assignments have been made, the sources for 
which could be found only in the original literature. 
The assignments are made to include among various 
members of the class as great a variety of methods and 
types of compounds as possible. 

The following instructions are given the students for 
this work. 


(1) Look for methods of preparation described in various 
sources such as Gattermann, E. Fisher, Vanino, and espe- 
cially the series of ‘‘Organic Syntheses.” Compare various 
descriptions of the synthesis and decide, after consulting 
the instructor, upon the course to be followed. 

(2) Consult the indexes of Chemical Abstracts for fur- 
ther information concerning your compound. 

(3) Through the molecular formula of the compound 
locate it in Richter’s ‘‘Lexikon’”’ and Stelzner’s “‘Literatur- 
Register.’’ Follow the references to Beilstein. Those who 
have studied German sufficiently are expected to go into the 
original German literature where such references are found. 

(4) Follow some reference to the original literature. 
Take notes on important interesting facts concerning your 
compound, uses, important theoretical considerations, etc. 
Of course you will be limited to a study of those relationships 
which you may understand on the basis of your present 
training in chemistry. 

(5) While your preparation is in progress, visit with other 
students, ask questions about their work, and get acquainted 
with what they are doing. Each one is expected to know 
something concerning other preparations in progress. Know 
your own preparation thoroughly. 

(6) Write aveport of your preparation, briefly but clearly, 
describing your laboratory procedure, giving reasons and ex- 
planations for important steps and writing out structurally 
all reactions involved. Give a concise and clear discussion 
of important phases of your compound gleaned from the 





* A report of this phase of the program was made by the 
writer before a meeting of the Iowa Section of the A. C. S. at 
Iowa City, April 23, 1930. A similar plan for laboratory work 
in organic chemistry has been carried out independently at the 
College of Wooster, Wooster, Ohio [J. W. Cuitrum, “Adapting 
organic laboratory work to the student,’ J. CHem. Epuc., 8, 
2408-10 (Dec., 1931)]. 
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literature. Include a bibliography of references. (Certain 
of these reports have been presented by the students before 
the class from time to time.) 


Some of the values attained in these individual or 
special preparations, which have appeared by observa- 
tion and by discussion with students, are as follows. 


(1) Sources of information on the preparation and 
properties of organic compounds were better learned 
through actual practice. An introduction to the use 
of organic chemical literature was made. 

(2) Some difficulties and special modifications which 
are involved in the application of general syntheses t 
specific compounds were observed. 

(3) Uses of more complicated and special, or novel, 
arrangements of apparatus to meet special conditions 
were learned. 

(4) The individual responsibility placed upon each 
student stimulated his interest to make his preparation 
a worth-while contribution to the laboratory stock of 
organic compounds. “This decreased the frequently 
perfunctory performance of preparations as directed 
in the laboratory manual. 

(5) Each student set his own pace and the work 
accomplished depended entirely upon himself. Many 
spent extra time to accomplish certain objectives. 

(6) A diversity of experiments going on in the 
laboratory at one time furnished relief from a certain 
monotony associated with all doing the same thing. 
There developed a curiosity (at least among the more 
alert students) to see what their neighbors were doing 
and thus to learn something of a greater variety of 
methods than would otherwise be attained. 

(7) The instructor was given a better chance to 
discover those who had ability and genuine interest in 
investigative work. 

(8) Some preparations to be used in research were 
made. 

Certain difficulties were encountered. 

(1) Extra time was required of the instructor to 
assist properly in carrying through such a program. 

(2) Additional apparatus and materials must be 
on hand, and added attention must be given at the 
storeroom to the proper loan and return of equipment. 

(3) A few students with the goal of accomplishment 
left in their own hands have appeared to loaf unless 
prodded by the instructor. On the other hand, more 
have caused embarrassment to the instructor by per- 
sistence in working at their preparations in the labora- 
tory, with the attendant dangers in organic work, 
when no possible supervision could be given. 


A combination program has been described for the 
first-year course in organic chemistry, dealing both with 
the class organization and an accompanying labora- 
tory plan. This composite program has been designed 
to give optimum results for both the short- and the 
long-course requirements. Incorporated with the two- 
unit curriculum, independent preparational work has 
appeared to enhance the students’ interest and ac- 
complishment without sacrifice of fundamentals. 
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CHEMICAL DRAWING 


IV. Charts, Graphs, and Diagrams 
EDWARD M. HOSHALL 


1311 Park Avenue, Baltimore, Maryland 


HE USE of graphic methods by the chemist is 

rapidly increasing, as a survey of chemical litera- 

ture in technical publications over the past score 
of years will show. Nearly everyone who uses the 
equipment for these methods does so on limited acquain- 
tance with the general subject. Most chemists are 
familiar with only a few types of charts, but there are 
many forms of which they could avail themselves to 
their greater convenience and efficiency. Graphic 
methods owe this popularity not only to their labor- 
saving aspects but to their ability in many instances 
to achieve results impossible to older methods. 
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diagrams which the chemist may use to tabulate data, 
solve problems, and present facts. 

The following paragraphs will be devoted to the 
various types of equipment for graphic analysis which 
may be of interest to the chemist. They will be dis- 
cussed in some detail, examples of each will be illus- 
trated, and their various chemical applications sug- 
gested. 

Rectilinear Charts——In general, the rectilinear chart 
consists of a plane surface ruled off into squares or, in 
some cases, rectangles. The spacing between lines 
is arbitrary, graph paper being obtainable with rulings 
of 4, 6, 8, 10, 12, 16, and 20 divisions per inch, and also 
with 1 and 2 millimeter rulings. Usually every fifth 
or tenth line is of heavier weight to assist in reading and 
plotting. 
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There are many important functions that may be 
performed by graphic charts, each of them susceptible 
of accomplishment by this method generally more 
perfectly than in any other way. It is to show the 
general adaptability of charts, and how best, most 
effectively, and with the minimum of mathematical 
elaboration these graphic methods may be applied to 
chemical problems that this article is presented. 


TYPES OF CHARTS ‘ 


The general term, graphic chart, may be taken to 
include all those charts, graphs, sectional papers, and 
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FIGURE 2 


In use, it is customary to make the lower left-hand 
corner the origin and, if necessary, to present the legend 
in the upper right-hand quadrant. Any conventional 
scale may be used with magnitudes increasing from the 
origin. When practicable, a scale should be so selected 
that the zero point will appear at the origin, in order 
that a clear conception of relative values may be ob- 
tained. 

This type of chart is widely used by the chemist, 
chiefly for presenting data and for calculations. Fig- 
ure 1 shows a typical application. A fractional crystal- 
lization scheme is effectively shown in Figure 2 by the 
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use of a rectilinear chart. Figure 3 shows an equilib- 
rium diagram. Note in the latter how use has been 
made of type legends rather than those executed by 
hand. 

Rectilinear charts ruled into rectangles are used 
both to tabulate data as in ‘‘data sheets,’’ and also to 
plot a variable against an independent quantity such as 
time. (Figure 4.) Recording thermometers, barome- 
ters, and other apparatus of like nature use such 
charts. 

Logarithmic Charts.—The logarithmic chart is con- 
structed by ruling two sets of parallel lines at right 
angles to each other, the spaces between lines being 
proportional to the logarithms of the numbers that ap- 
pear on the margins and not to the numbers themselves. 

With the aid of logarithmic charts the operation of 
multiplication is reduced to the graphic addition of 
logarithms, and since the numbers corresponding to 
these logarithms appear on the margin instead of the 
logarithms, correct answers may be read immediately. 
In like manner the operations of division and extrac- 
tion of roots may be readily carried out by simple 
means. Itshould be remembered, however, when inter- 
polating between two lines, that the divisions are 
not uniform, and due account should be taken of that 
fact. 

Aside from their mathematical advantages, logarith- 
mic charts are used for comparisons and demonstrations 
because of the wide range of data which may be cov- 
ered. This range depends upon the number of ‘‘cycles”’ 
used. Thus Figure 5 makes use of three and a frac- 
tion cycles horizontally and two and a fraction cycles 
vertically. The cycles are usually numbered from one 
to ten, and the decimal point may be placed to give 
the scale range desired for the data. The applications 
of this type of chart to chemical problems, especially 
those involving mathematical analysis, are many and 
varied. 

Log paper ruled in one, two, three, or more cycles 
(sometimes termed ‘‘decks’’), and also in fractional parts 
of cycles or decks, may be purchased. 

Semilogarithmic Charts.—This type is a com- 
posite of the rectilinear and the logarithmic chart, the 
rulings in one direction being those of the familiar 
Cartesian coérdinates and in the other, logarithmic. 

The semilogarithmic chart has a wide usage for the 
plotting of comparative statistics of similar kind but 
dissimilar magnitude, in that the rectilinear ruling 
permits the uniform spacing of an independent vari- 
able, such as time, and the logarithmic ruling provides 
for the dependent variable. In Figure 6 the second 
and third cycles have vertical rectilinear rules and hori- 
zontal logarithmic rules. It will be noted that the 
first or lower cycle is a rectilinear chart. 

The chemist uses this chart extensively in reporting 
and displaying data covering physical or chemical 
variations over a period of time. Use of this chart is 
also made, to some extent, by various recording devices 
such as the automatic pH recorder, the pH being read 
directly over a period of time. 
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The Polar Chart.—The polar chart consists of a series 
of concentric circles 0.1 inch or 1.0 or 2.0 millimeters 
apart. The circles are divided by radial lines from the 
center or the origin to the outermost circle. The outer 
circles are divided into 360 degrees and are numbered 
clockwise or counterclockwise, or both. 

This chart was designed primarily for plotting curves 
by the use of polar coérdinates. Many other uses have 
developed; some which may be of interest to the chem- 
ist are as light-distribution charts, heat-intensity charts, 
flow diagrams, or in various recording devices, where 
the independent variable, usually time, is represented 
by the divisions of the circumference. Figure 7 is an 
example of this chart. 
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Isometric Charts.—This chart is a device especially 
designed for the rapid construction of isometric draw- 
ings. It has horizontal and vertical lines, and lines 
at 30 or 60 degrees to the horizontal, depending upon 
the position in which the paper is held. Perspective 
drawings may be readily and conveniently made using 
this chart. It is seldom used by the chemist. 

Trilinear Charts.—By means of a “‘triaxial’’ or tri- 
linear chart, computations of the percentage composition 
of a three-component system can be made graphically. 
The theory is based on the fact that in any equilateral 
triangle the sum of the perpendiculars from any point 
to the three sides is equal to the altitude of the triangle. 
Thus if the altitude represents a number (say 100 per 
cent.) and a point is placed at such distances from the 
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three sides that those distances represent the percent- 
ages of the three respective components contained in 
the body, the location of the point then will give a rigid 
representation of the three components considered. 
Thus in Figure 8, a phase diagram for lead-tin-cadmium, 
the eutectoid composition would by inspection seem to 
consist of tin, 50 per cent., cadmium, 18 per cent., and 
lead, 32 per cent. 

This form of chart lends itself admirably to the 
analysis of tertiary alloys, phase diagrams of three- 
component systems, and, in general, the properties of a 
system of three variables. 

Nomographic or Alignment Chart.—A simplified pic- 
ture of this alignment chart is that of three or more lines 
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parallel to each other; one line may be inclined or take 
the form of acurve. The number of lines depends upon 
the number of variables in the formula or equation to 
be plotted. Ravenscroft (1) explains the theory and 
construction of the alignment chart and its various 
applications to chemical problems. To use such a 
chart, known values of two variables are joined by a 
straight line, and the intersection or projection of this 
line upon the third axis gives the desired value. Thus 
in Figure 9, with a known boiling point and a known 
solution composition, the vapor pressure can be readily 
ascertained by means of a line drawn as shown. 

The planning and construction of this type of chart is 
somewhat involved, but its simplicity in use is evident. 
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The fact, too, that several variables can be represented 
by an alignment chart makes a device of especial inter- 
est to those applying mathematical equations to the 
solution of chemical problems. 

Bar Charts.—A chart of this nature is classified as a 
“popular chart’”—one which will be understood by 
diversified and non-technical readers. Popular charts 
are usually made so that results and facts may be 
presented impressionably, since they are not studied 
critically but are merely observed. The bar chart 
consists of ‘‘bars,’’ composed of horizontal or vertical 
segments, crosshatched or shaded for contrast, the 
length of each bar being proportional to the magnitude 
of the quantity represented. A scale is usually supplied 
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in order that the numerical values represented by the 
bars may be ascertained. 

Figure 10 is an example of a vertical bar chart. 
This chart might mislead the casual observer, who 
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would be likely to acquire the impression of a 10 or 12 * 
per cent. variation in the length of the bars on the left 
and a 50 per cent. variation in the pair on the right. 
Critically viewed, the variations are seen to be only 
0.14 per cent. and 0.5 per cent., respectively. An j 
interesting variation of a horizontal bar chart is seen in 
Figure 11. 
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Pie Diagrams.—Another of the popular types of chart 
is the ‘“‘pie’’ diagram, in which circle sectors are used to 
represent percentages or parts of the total. The 
numerical information should appear on the circum- 
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There are many variations of the bar type of chart, 
chief of which are the ‘‘staircase”’ chart, so called when 
the bars are shown touching each other, as in Figure 12, 
the ‘‘staircase curve,’’ formed by a line representing 
the profile of tops of bars shown in Figure 13, and the 
‘“‘compound”’ bar charts, combinations of two or more 
bar charts ¢ither superimposed on each other as in 































ference or in the sec- 
tors. For clarity it is 
best to distinguish the 
sectors fromeach other 
by crosshatching. 
This chart is mainly 
used for statistical 
information. 

Area and Volume 
Diagrams.—Pictorial 
charts of this type are 
used chiefly for com- 
parisons, the shaded 
surfaces representing 
the areas obtained 
from the data, or in 
some cases represent- 
ing volumes. This 
latter application may be misleading, since volumes vary 
as the cubes and not the squares of linear dimensions. 
Figure 15 is an example of an area diagram, the hori- 
zontally shaded area representing work of extension 
and the crosshatched shaded area work of retraction. 

The Route Chart.—The route chart is a device for 
showing the various steps in a process—a type of out- 
line. The chemist uses such outlines in fractional 
crystallization and in separation procedures. Figure 
16 is a typical example. 

Classification Chart.—This type of chart is designed 
to show the relationship of a part to the whole, and the 
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interrelationship of the parts with each other. Figure 
17 shows a relationship chart of this nature. 
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NOTES ON CHART DRAFTING 


The Joint Committee on Standards for Graphic 
Presentation has recommended a number of rules which 
may assist those contemplating chart construction and 
aid those interpreting charts. They are: 


Standards for Graphic Presentations 


1. The general arrangement of a diagram should proceed from 
left to right. 

2. Where possible, represent quantities by linear magnitude, 
as areas and volumes are more likely to be misinterpreted. 

3. For acurve, the vertical scale, whenever practicable, should 
be so selected that the zero line will appear in the diagram. 

4. If the zero line of the vertical scale will not normally ap- 
pear in the curve diagram the zero line should be shown by 
the use of a horizontal break in the diagram. 

5. The zero lines of the scales for a curve should be sharply dis- 
tinguished from the other coérdinate lines. 

6. For curves having a scale representing percentages, it is 
usually desirable to emphasize in some distinctive way the 
100% line or other line used as a basis of comparison. 

7. When the scale of the diagram refers to dates, and the period 
represented is not a complete unit, it is better not to empha- 
size the first and last ordinates, since such a diagram does 
not represent the beginning and end of time. 

8. When curves are drawn on logarithmic coédrdinates, the 
limiting lines of the diagram should each be at some power 
of 10 on the logarithmic scale. 

9. It is advisable not to show any more coérdinate lines than 
necessary to guide the eye in reading the diagram. 

10. The curve lines of a diagram should be sharply distinguished 
from the ruling. 

11. Incurves representing a series of observations, it is advisable, 
whenever possible, to indicate clearly on the diagram all 
the points representing the separate observations. 

12. The horizontal scale for curves should usually read from 
left to right and the vertical scale from bottom to top. 

13. Figures for the scale of a diagram should be placed at the 
left and at the bottom or along the respective axes. 

14. It is often desirable to include in the diagram the numerical 
data or formula represented. 

15. If numerical data are not included in the diagram it is de- 
sirable to give the data in tabular form accompanying the 
diagram. 

16. All lettering and all figures in a diagram should be placed 
so as to be easily read from the base as the bottom, or from 
the right-hand edge of the diagram as the bottom. 

- 17. The title of a diagram should be made as clear and as com- 

plete as possible. Sub-titles or descriptions should be added 

if necessary, to insure clearness. 


In addition to the above standards, there are some 
special considerations which must be applied to charts 
or diagrams intended for reproduction by means of the 
“zine etching’ or other photo-lithographic processes. 
These considerations are as follows: 


1. Charts or diagrams for reproduction should be penciled to 
two or three times the size of the required cut. 

2. When coordinate paper is used it should be printed in dlue 

only. 
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3. The important codrdinate lines should be ruled over in 
black; the black-ruled square being, in general, not less than 
ten millimeters on a side. 

4. The lines of the curve should be the heaviest on the chart 
with the exception of the border lines. 

5. Points on the curve should be indicated by true circles, 
crosses or dots being used only when additional symbols 
are necessary. 

6. All lines, legends, numbers, and letters which cannot be 
set in type at the margin of the cut but must constitute a 
portion of the cut are to be so proportioned that they will 
be clearly legible in the cut. 

7. The numbering of the codrdinate axes, the number of the 
figure, and any necessary explanations of the figure should 
be written in pencil in the margin of the sheet, as they are 
usually set up in type rather than reproduced from the 
drawing. 


GENERAL ORDER OF DRAWING CHARTS 


Bearing in mind the standards for graphic presenta- 
tion and the special considerations which must be 
observed on those charts intended for reproduction, 
a logical order of drawing is suggested as follows: 


Assemble all data. 

Determine type of chart. 

Determine size of chart, and ascertain whether or not the 
type selected is available in ruled sheets of the required 
size. 

Determine the scales for the abscissas and ordinates from 
the data limits. 

If line codrdinates are used, determine the scales of the 
variables. 

Lay off the variables on their respective axes. 

Plot the points obtained from the data. 

Pencil the curves and lettering. 

Ink the chart (follow the ‘‘order of inking” as given in Part 
I). 


10. Compose and letter legends, titles, numerals. 


oo 


PMA gS 


The use of graphic methods is an important tool in 
the hands of those familiar with the subject and this 
résumé of charts, graphs, and diagrams is intended to 
assist the chemist, and especially the student, in the 
compilation of his results for publication. 


* * %* * * * 
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QUALITATIVE ANALYSIS 
without HYDROGEN SULFIDE’ 


A Comparative Study 


L. A. MUNRO 


Queen’s University, Kingston, Ontario 


Brockman’s scheme for qualitative analysis, avoiding 
the use of hydrogen sulfide, has been compared with the 
accepted methods by student performance in the qualitative 
analysis laboratory. The procedures have also been tested 
in a semiquantitative fashion by a research student. The 
proposed scheme is much faster but somewhat less ac- 
curate than the classical method. Some improvements of 
Brockman’s scheme are suggested. 


++ + + + + 


‘ Y ARIOUS schemes for qualitative analysis have 
been proposed avoiding the use of Hs. 
Among the most recent are those outlined by 

Almquist (1), 1918, Vortman (2), Mullinix (3), Mac- 
chia (4), (5), and Strohal (6). In 1930 Brockman em- 
bodied such a scheme in a textbook of qualitative analy- 
sis (7). In a review of this book in the JOURNAL OF 
CHEMICAL EpucaTION Browning (8) writes, ‘“While the 
writer has not had occasion to try out the method so 
that he can compare it with the conventional one, he 
finds it of considerable interest. Whether the suggested 
system be adopted or not, it certainly merits serious 
consideration.” 

I could not help agreeing with the comments of the 
reviewer. Although we have ‘‘deodorized”’ the qualita- 
tive laboratory by using the individual paraffin-sulfur 
method for the generation of H2S, it was nevertheless 
felt that any method that eliminates the time-consuming 
bubbling of HS without sacrificing accuracy should 
receive attention. It was, therefore, decided to make a 
comparative study of the two methods. The study 
reported in this paper extended over the past two 
years. 

Before going into the discussion of the methods of 
study and the results obtained, it might be well to 
glance at the scheme proposed by Brockman. It will 
be given in bare outline. The reader should consult 
the text for details. 

The metals are divided into six groups. The first 
group is essentially the same as in conventional meth- 
ods. Group II contains the insoluble sulfates. The 
precipitation of CaSO, is aided by the use of a little 
ethyl alcohol—in the solution, of course. Group III 
is the amphoteric group. Group IV contains those 
metals which form insoluble phosphates in the presence 
of excess ammonia. The metals which form soluble 


* Presented to the Educational Section at the Canadian Chemi- 
cal Convention, Quebec, June 8, 1933. 


ammonia complexes are placed in Group V. Group VI 
comprises the alkalies. They are tested for either at 
the start or after Group I. 

The method of separation and identification is briefly 
as follows. Group I needs no comments since it is the 
same as in the classicalscheme. Group II is metathe- 
sized by boiling with NazCO,, filtering, and repeating 
the procedure. The amounts of sulfates converted to 
the carbonates can be calculated from the K;,.,. 
Lead and barium are precipitated as chromates. When 
the mixed precipitate is treated with NaOH the lead 
dissolves as NaHPbO:. It is reprecipitated by adding 
acetic acid to the filtrate. Barium is confirmed by the 
flame. Calcium is precipitated as CaK»Fe(CN),, 
strontium as sulfate, confirmed by the flame. 

Group III is the amphoteric group. The alkaline 
solution is just neutralized with HCl and then treated 
with excess NagCO;. This precipitates the hydroxides 
or basic salts of Al, Sn, Zn, and Sb. The As and Cr 
remain in the filtrate. The chromate is detected by the 
etherin blue test and the arsenate by arseno-molybdate 
in acidified solution. Unlike phosphate this precipi- 
tate is soluble in alkali. 

The four remaining metals are separated into two 
groups by dissolving them in HCl, with subsequent 
treatment with ammonium hydroxide and ammonium 
chloride. This precipitates the Al(OH); and stannic 
acid, while the zinc and antimony appear in the filtrate. 

The latter is divided into two parts. The first is 
acidified and an iron nail is introduced. A black pre- . 
cipitate on the nailisSb. The procedure recommended 
by Brockman is to dissolve the precipitate in nitric and 
tartaric acids, with the addition of hypo and the pre- 
cipitation of red SbeOS: on boiling. Potassium ferro- 
cyanide is added to the second portion, giving a precipi- 
tate of K,ZnFe(CN).. 

The precipitated Al(OH); and stannic hydroxide are 
dissolved in HCl and the solution is divided into two 
portions. The tin is reduced in the first by an iron 
nail and the reduced solution is filtered into mercuric 
chloride. Zinc is added to the second portion to re- 
move the tin and the filtrate is made alkaline with 
ammonia, confirming with the “aluminon”’ test. 

The residue from the treatment of the metals with 
KOH and NazO: is divided into Groups IV and V by 
dissolving it in nitric acid and treating with ammonia 
and di-ammonia acid phosphate. The metals which 
form soluble complexes are in the filtrate, which is 
reserved as Group V. 
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Group IV contains Mn, Fe, Bi, and Mg. The phos- 
phates are redissolved and the manganese oxidized to 
MnO, by KC1O;. Bismuth and iron are precipitated 
by ammonium hydroxide in presence of ammonium 
chloride. This mixed precipitate is then redissolved 
and specific tests for bismuth and iron are made on 
separate portions. The bismuth gives a black pre- 
cipitate with hypo. Magnesium is confirmed by the 
usual test. 

In Group V, mercury and copper are precipitated 
as sulfides by thiosulfate and separated by dissolv- 
ing the copper sulfide in nitric acid. The soluble 
cobalt, cadmium, and nickel ions are tested for 
in separate portions of the filtrate. Nickel is 
brought down with dimethylglyoxime. The pre- 
cipitate is filtered off and the test for cadmium is car- 
ried out on the filtrate, using ammonium perchlorate as 
reagent. 

The alkali metals are in Group VI. They are de- 
tected in portions of the original or after Group I. 


METHOD OF STUDY 


The course in qualitative analysis at Queens’ con- 
sists of two lectures a week and six hours’ laboratory. 
The text used in the laboratory is by A. A. Noyes (9), 
supplemented by Treadwell-Hall (10) and various 
improvements from recent literature. These manuals 
follow the classic methods, using H2S. 

The writer has always maintained that the prime ob- 
ject of a course in qualitative analysis is to teach the 
chemistry of the metals and fundamental chemical 
theory. For that reason the class has always been 
given alternative methods of analysis and each student 
has been required to devise a scheme for a limited 
number of metals. Alternative schemes are studied 
for two weeks in the laboratory. 

It has been found that this serves to emphasize the 
basic chemistry of qualitative analysis. It also helps 
to get students away from the “‘cook-book attitude.”’ 

For the past two years a class of seventy-five students 
has examined Brockman’s scheme as an alternative 
method. Each student was given 50 cc. of a known 
mixture containing 100 mg. of one element in each 
group. All different combinations of elements were 
used. The student divided the solution into two equal 
parts; one he analyzed by Noyes’s method and the other 
by Brockman’s method. He compared the amount 
of final precipitate obtained in each individual test, 
with the size of precipitate from 5 cc. (50 mg. of ion) 
of test solution. He reported the percentage recovery 
by both schemes and made any pertinent comments 
regarding the reactions and time involved. 

Results were also obtained from two other sources. 
The second was a half-term study by a group of selected 
students on the separation and identification of specific 
individual groups. On completion of their com- 
parative study of the assigned Brockman’s group, 
they were given unknowns on the group, which they ex- 
amined by Brockman’s method. 

Mr. C. F. Beale, a fourth-year student, was assigned 
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the task of making a semiquantitative study of the 
Brockman procedures, and of improving some of the 
poorer ones. His results served as an excellent con- 
firmation of the average results obtained by the first 
two groups. This will be seen from the following 
comments on the different separations as given by Mr. 
Beale and typical student reports. 


Group II 


CFB 
“A good quantitative precipitate of sulfate. Several treat- 
ments with Na,CO; necessary. Separation of the Pb and 
Ca not quantitative.” 

Students 
“Ba better since BaSO, !/10 as soluble as BaCOQs.”’ 
“Extremely fine precipitate BaSQ,, hard to estimate.” 
“‘The only one that came down better.” 


CaLcium 
Students 
“Poor by alternative.” 
“Large loss of calcium.” 
“Group II terrible.” 
‘Alternative great deal better.’’ 


STRONTIUM 
Students 
“Very poor precipitate. Disappointing results.” 


CHROMIUM 

CFB 
“Some Cr(OH); is precipitated when boiled with KOH and 
cannot be redissolved; probably adsorbed or occluded with 
the other insoluble hydroxides. Hydrogen peroxide was 
found to be a good oxidizing reagent, preferable to sodium 
peroxide.” 

Students 
“Some chromic hydroxide does not dissolve.” 
‘Sodium peroxide and carbonate do not dissolve the hydrox- 
ide completely. Probably some chromic hydroxide does not 
go into solution.” 

CFB 
“P 14 seems to give a good separation of the As and Cr 
from the Al, Sb, Sn, and Zn. Test for Sn was poor and some- 
times negative.” 

Students 
“Test for Sn inconclusive.” 
“In the second residue of Al and Sn hydroxides, HCI does 
not dissolve all the tin.” 


ALUMINUM 
CFB 
“The Al in P 18 seemed to be all right but rather high.” 
Students ‘ 
“Contains much foreign material as the precipitate was 
greater than 100%.” 


ANTIMONY 

CFB 
“The test for Sb in P 19 was poor. There was no feathery 
deposit. The nail became black but the Sb was hard to 
scrape off.” 

Students 
“A little more completely precipitated by B,”’ 
“TI lost some Sb through not boiling with sodium peroxide 
long enough.” : 
“‘SbsOS: forms a red precipitate but rapidly dissolves.” 
“Antimony spoils the procedure for this group.” 
“Sb and Cr are no good.” 


ZINC 
CFB F 
“Good positive test for Zn but low. The precipitate de- 
composes on heating.” 
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Students 
“Could find no Zn in alternative procedure.” 
[Zinc is the flaw in this procedure. Several students got 
negative results. Others found zinc with Cd.] 


ARSENIC 

[Arsenic gave better results than with H,S.] 

CFB 
“The procedure gives a good separation of the Al, Sb, Sn, 
and Zn from the As and Cr.” 

Students 
“Alternative much better for arsenic.” 
“Slightly larger precipitate than with Noyes.” 
‘Much better. No loss by evaporation as in Noyes, p. 44.” 
[A general conclusion is that Group III is the most unsatis- 
factory. We have made an improvement in the separation 
of antimony but the group requires further work. ] 


In the procedure for antimony, described above, 
Mr. Beale found that the red precipitate started to form 
and then redissolved. Our revised method prevents 
this. It is as follows. Dissolve the antimony in 
nitric and tartaric acids. Boil the solution to drive off 
as much acid as possible. Add water to form SbOCI, 
a whitish precipitate. Add solid sodium potassium 


tartrate. Heat and add Na2S.O;. Boil for 2 or 3 
minutes. A stable red precipitate is formed at once. 
Group IV 
CFB 


“The alternative gave a good positive test for Mn. The 
MnO, adheres somewhat to the beaker so that amounts 
cannot be estimated very satisfactorily.”” [Procedure gave 
a good positive test for bismuth. Free sulfur is present in 
the precipitate. ] 


BISMUTH 
Students 
“Bismuth completely precipitated. Precipitate too large 
compared with the test solution precipitate of BiPO,. On 
washing it with ammonium hydroxide I got a test for cobalt 
but could not remove it all by washing it.” 
“Very complete.” 


MAGNESIUM 

CFB 
“The accuracy varies with the amount present. When 
50 mg. were used there was little difference in accuracy but 
when larger quantities were used the alternative seemed 
better. Considerably more than 10 cc. of ammonium phos- 
phate had to be used.” 

Students 
“Tt took 30 cc. of ammonium phosphate. 
cipitates along with iron.” 
“The MgNH,PO, was pale brown, probably due to some 
iron.” 


Magnesium pre- 


Group V 


Mr. Beale reports that some mercury is not precipitated as 
HgS but probably as sulfo-salts. There is accordingly no 
good quantitative separation of the copper and mercury. 
Good tests were obtained for nickel and cobalt. Sometimes 
negative tests were obtained for cadmium. One student 
reports that the precipitate of cadmium sulfide was brown 
even after the removal of all the cobalt and nickel. 


The identification of Group VI ions by the flame 
tests does not permit any semiquantitative observa- 
tions. The writer prefers the method of Caley (11) for 


sodium, and the cobaltinitrite test for potassium. 
I must confess that the possible experimental error 
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in the results of the first two sources made me rather 
dubious of the value of such a study. However, on 
averaging the results of the classwork for two years 
(Table 1), and comparing them with the conclusions 
arrived at by Mr. Beale, it is found that they are in 
agreement in every detail. This will be seen from a 
comparison of the foregoing with Table 1. The figures 
represent the average recovery of the different metals 
in percentages for twenty to fifty student reports. 
Admittedly the figures can hardly represent absolute 
values. An accurate statistical analysis should be 
made when a larger number of results are obtained. 
They do, however, point to very definite conclusions. 

It will be noted that the first two metals which are 
separated by the same procedures in both schemes give 
very close agreement. Although lead is precipitated 
in both as a sulfate, in the B scheme it is separated 
from barium by treatment with sodium hydroxide, 
forming plumbite. Hence, we would expect that this 
recovery would be slightly lower than in the N pro- 
cedure. One hesitates to consider a difference of four 
per cent. as being significant, but the results for barium 
lead one to think that this figure can be considered 
within the maximum significant figure. It is to be 
expected that a better recovery of barium would be 
obtained in the B scheme since barium sulfate is 
much less soluble than barium carbonate. It will 
be noted that the difference in the quantity reported is 
in the right direction. Taking +4 as the significant 
figure the alternative scheme is more accurate for 
four ions, of equal accuracy for eight, and of much 
lower accuracy for nine ions. Probably one should 
also add aluminum, since the apparent high separation 
is due to undissolved tin. 

The summarized reports on the length of time in- 
volved in the two schemes are given below (Table 1). 


TABLE 1 


COMPARISON OF QUALITATIVE SCHEMES 
(N) with, (B) without HS precipitation 


Metal Ion Accuracy (% Precipitated) 
N B 

Hgt+ 87 87 
Ag 95 97 
Pb 86 82 
Ba 85 88 
—Sr 77 71 
—Ca 86 71 
—Sn 81 73 
?Al 92 98 
—Sb 87 72 
—Zn 73 65 
—Cr 91 84 
+As 76 87 
Mn 83 84 
Bi 85 85 
Fe 94 91 
Mg 78 80 
—Hgtt 88 83 
—Cu 94 86 
Co 82 86 
+Ni 83 91 
—Cd 90 81 


Thirty students reported actual time required for analysis. 
Average (N) = 4 hrs., 0 min.; (B) 2 hrs., 50 min. + 5. 
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OTHER GENERAL COMMENTS 


‘Alternative much faster but not nearly as wr Sirti anes ware 16 
“Alternative faster but not quite as good’’. RA yr ere 
“Alternative faster and of equal or greater accuracy” cuecnens 10 
“Prefer classic method although siower”’ Pe er re Te 9 

“Classic method faster and more efficient”. . EDS oun 4 Se tee 3 

CONCLUSIONS 


Perhaps the best way to terminate the paper is to 
quote some of the conclusions reached by students using 
this scheme. 


1. ‘The alternative procedure is faster although it takes 
longer for a precipitate to become evident, thereby en- 
tailing a possibility of error in estimation. It does 
not seem to be quite as efficient as Noyes’ scheme. For 
rough qualitative work it is better than Noyes’ because 
there are not so many evaporations and no long H:S 
precipitations.”’ 

2. ‘‘Noyesis the more accurate. The alternative is quicker 
and for less accurate work would be the better of the 
two.” 


Possibly many of us feel like the student who states: 


“Although the alternative is much quicker I prefer Noyes, 
possibly because I am more familiar with it and can inter- 
pret results better or at least more easily. It is rather dif- 
ficult to estimate amounts with the alternative procedure but 
it avoids the long H.S precipitation and has fewer filtra- 
tions.” 


It may be concluded from this study that the pro- 
posed scheme is admirably suited for a short course 
in qualitative analysis. Unfortunately, perhaps, all 
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of the texts on the theory of qualitative analysis are 
built around a hydrogen sulfide separation. This 
makes the substitution of such a scheme in a long course 
in qualitative analysis rather difficult. We shall still 
retain the classical methods but shall certainly use 
Brockman’s as a reference text, because it furnishes 
excellent supplementary illustrations of the fundamental 
chemistry involved in qualitative analysis; viz., (1) 
similarities of chemical properties, (2) amphoteric 
metals, (3) complex ions, (4) solubility-product prin- 
ciples, and (5) the necessity for control of hydrogen-ion 
concentration. 

It is proposed to assign another fourth-year student 
the task of improving the less satisfactory tests. 
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SIMULTANEOUS 


STANDARDIZATION of 
0.1 NM HCl and NaOH 


A. J. HAMMER 


USING CALCITE 


Chariton Junior College, Chariton, Iowa 


Crystals of calcite are frequently of sufficient purity to 
warrant the use of this mineral as a primary siandard. 
The method recommended uses a weighed sample of 
powdered calcite to which is added a measured volume of 
acid, the amount of acid being in excess. The excess 
acid is then titrated with a base. This method gives 


+++ 


HE METHOD of standardizing an acid using 
calcite is not new (1-3). Two general methods 
are in use. In the first, a calcite crystal of 
known weight is placed in a measured volume of the 
acid to be standardized. The action is allowed to 


results which agree fairly closely with the silver chloride 
method of standardization. 

The development of the formula and its use in calculating 
the normalities of hydrochloric acid solutions have been 
found useful + in presenting the topic of normal solutions to 
a class in quantitative analysis. 


+~+ + 


proceed until all of the acid has reacted and the crystal 
is then dried and weighed. The normality of the acid 
is determined from the loss in weight of the crystal. 
The above method was suggested by Masson (3) 
and some authors (4-6) have adopted it as a means of 
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standardization in their texts. Rivet (7), however, 
has pointed out that this method may lead to possible 
error because of the comparatively high solubility of 
some calcite samples in solutions containing carbon 
dioxide. 

The second method makes use of the powdered 
calcite, the crystal being ground to approximately 100 
mesh immediately before use. This method has been 
in use for a number of years and has proved quite satis- 
factory as compared with the silver chloride method of 
standardization. 

Calcite has been shown to approach 100% purity 
within 0.2% or within the range of analytical accuracy 
(2). The common impurities are Mn, Zn, Mg, or Fe 
which have replaced the calcium (8). Manganese and 
iron are quite easily detected by the color they impart to 
the crystal. 

The following treatment of the subject has the ad- 
vantage that acid and alkali are standardized simul- 
taneously using this primary standard, and the method 
of calculation has proved of value at Chariton Junior 
College. For student instruction, it has been found 
best to use HCl and NaOH solutions of from 0.3 to 
0.5 normality, as the time necessary for the solution 
of the calcite is shortened sufficiently to permit the 
completion of the standardization in one two-hour 
laboratory period. 


OUTLINE OF PROCEDURE 


Suppose we have solutions of HCl and NaOH which 
we wish to standardize. We do not know the nor- 
mality of either solution, but we have determined by 
titration that 30 cc. of the NaOH solution is equivalent 
to 27 cc. of the HCI solution. 

When 50 cc. of the acid is allowed to react with 0.75 
g. of calcite and the excess acid is titrated with the 
NaOH solution, it is found that 22.2 cc. of NaOH are 
necessary to neutralize the excess acid. 

From this information we wish to determine the nor- 
malities of both the HCl and NaOH. Of course, if one 
of these values is known, it will be a simple matter to 
calculate the normality of the other from the volume re- 
lation of the two solutions. 

In order that the calculations of this problem may be 
less complicated the following symbols will be used 
to represent the normalities and volumes of the two 
solutions: 

cc = volume of HCl solution 
normality of HCI solution 


n 
CC = volume of NaOH solution 
N normality of NaOH solution 


As 30 cc. of the NaOH solution was found by titra- 
tion to be equivalent to 27 cc. of the HCI solution, we 
may determine the normality of the HCl in terms of 
the normality of the NaOH by the following equation: 


(cc) (nm) = (CC) (N) (1) 


Substituting the known values in this equation we 
have: 
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(27) (n) = (80) (WW) 
(80) (N) 
ee: a @) 


The problem states that 22.2 cc. of the NaOH were 
necessary to neutralize the excess acid. In order to 
determine the volume of the HCI which is equivalent to 
this volume (22.2 cc.) of NaOH we again substitute 
in formula (1) and find this volume to be: 

ce =< 22M) (3) 

n fs 

Then if 50 cc. of acid was added to the calcite and this 
volume (equation 3) was not used up by the calcite, it 
is obvious that the volume of acid which actually re- 
acted with the calcite would be: 
_ (22.2) (NY) (4) 


n 


50 


But the normality of the HCI (» in equation 2) is equal 
to: 


(30) (N) 
27 


so if we substitute this value for (m) in equation (4) 
we have: 
(22.2) (N) 
(30) (4) 
27 


a — 


(22.2) (27) (N) 
(30) (NV) 


From which we may cancel out the normality of the 
NaOH, leaving: 


50 — 


_ (22.2) (27) 


30 (5) 


50 

Now by substituting in the formula for the calculation 

of the percentage purity of calcium carbonate by titra- 

tion of a weighed sample with an acid of known con- 
centration: 

(cc) (n) (mil. equiv. of CaCOs) 


Weight of sample (100) = % 





and assuming a purity of 100% for calcite we have: 


[50 _ a ep] [Ss ™] (mil. equiv. CaCO;) 


0.75 





(100) = 100% 





The equation then contains only one unknown which 
when determined gives 0.45 as the normality of the 
NaOH: Substituting this value with the volume rela- 
tions of the solutions in equation (1) we find the nor- 
mality of the acid to be 0.5. 


EXPERIMENTAL PROCEDURE 


Grind up a piece of pure calcite with a mortar and 
pestle until it has the fineness of flour. Weigh out 
three 0.75-g. samples into three 250-cc. Erlenmeyer 
flasks and add 50 cc. of the unknown acid to each. 
Warm until the calcite has completely dissolved. 
While the HCl and calcite are reacting, titrate 25 cc. 
of the acid with the NaOH solution, using methyl red 
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as the indicator. As soon as solution of the calcite is 
complete, titrate the excess acid with the NaOH. 
Calculate the normalities from the above formulas. 






COMPARISON WITH THE SILVER CHLORIDE METHOD 






The following table shows the comparison of the 
normality values of the same HCl and NaOH solutions 








By Calcite By AgCl 

HCl NaOH HCl NaOH 

0.0994 0.1141 0.1001 0.1136 

0.0992 0.1143 0.1004 0.1136 

0.0992 0.1138 0.1000 0.1132 

0.0994 0.1141 0.1000 0.1141 

0.0993 0.1139 0.1000 0.1134 

0.0994 0.1140 0.0999 0.1134 

0.0994 0.1140 0.0996 0.1129 

0.0994 0.1141 0.1001 0.1131 

0.0994 0.1141 0.0996 0.1130 

0.0994 0.1141 0.0999 0.1131 

Avg. 0.0993 0.1140 0.1001 0.1133 
Max. 0.0994 0.1143 * 0.1004 0.1141 
Min. 0.0992 0.1139 0.0996 0.1129 
Dev. 0.0002 0.0004 0.0008 0.0012 
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by the method described above and the silver chloride 
method. The normality of the HCl by the AgCl 
method was determined by titrating it against the HCl 
using the average of the AgCl normalities (0.1001). 
Phenolphthalein was used as the indicator. 
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Many textbooks of quantitative analysis contain labora- 
tory directions that include steps without theoretical 
foundation, and operations that are time-consuming 
without yielding improved results. This article points 
out, with supporting experimental data, a number of such 
cases in the gravimetric determination of tron. 
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HE TYPE of laboratory instruction, or pro- 

cedures, given in most textbooks of quantitative 

analysis is largely responsible for the stigma of 
superficiality which courses in analytical chemistry 
so often bear. Essential steps are listed without any 
indication of their significance; unnecessary operations 
are included; precautions are advised which may intro- 
duce additional sources of error outweighing their ad- 
vantages; and, when precautions are recommended, the 
magnitude of the errors they are intended to reduce is 
not indicated. 

These defects cannot be tolerated if,a course in 
analytical chemistry is to serve its rightful purpose as a 
means of investigation of chemical principles. Conse- 
quently, a study is being made of those determinations 















LABORATORY INSTRUCTIONS 
for STUDENTS of QUANTI- 
TATIVE ANALYSIS 


I. The Gravimetric Determination of Iron 


A. H. KUNZ anno G. STERLING BAILEY 


University of Oregon at Eugene and Oregon State College at Corvallis 


commonly included in most courses in quantitative 
analysis, in order to overcome the objections. 

Despite the fact that the gravimetric determination 
of iron by precipitation with ammonia has given way to 
the faster, and usually more reliable, volumetric meth- 
ods, almost all textbooks of quantitative analysis 
include this determination. Since the usual directions 
for the analysis of iron are especially illustrative of the 
defects cited above, this determination was chosen for 
the first study. 


REVIEW AND CRITICISM OF PRESENT METHODS 


Ferrous ammonium sulfate, or mixtures of this salt 
and potassium sulfate, are commonly used for the iron 
analysis. An appropriate quantity is’ weighed out, 
dissolved in dilute hydrochloric acid, and the iron is 
oxidized to the ferric state with nitric acid or bromine 
water. Ferric hydroxide is then precipitated with 
ammonia, either by addition of the ammonia to the 
iron solution or vice versa. Those procedures recom- 
mending the latter, more cumbersome method of pre- 
cipitation are silent about the magnitude of its advan- 
tages. 
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Some textbooks are especially insistent that freshly 
distilled ammonia solution be used because of the 
danger of precipitating, during the course of the deter- 
mination, some silica dissolved from glass bottles. 
Others are content with filtered solutions and some do 
not even mention that precaution. Avoidance of re- 
distillation is desirable if no advantage results from it. 

After the precipitated ferric hydroxide settles, it 
is washed one or more times by decantation, dissolved 
with acid, and reprecipitated. The theory of the 
double precipitation is made clear but again the mag- 
nitude of the advantages which will be apparent in the 
final results is not noted. 

Before reprecipitation, reoxidation of ‘“‘any iron re- 
duced by the filter paper’ is advised by some authors. 
Experimental proof of its necessity is required. The 
reprecipitated hydroxide is washed, first by decantation 
and then on the filter, until free of chlorides. This 
operation, although it insures the removal of sulfates, 
causes the student to assume that the presence of chlo- 
rides is detrimental. One author! goes so far as to ex- 
plain that on subsequent ignition the ferric oxide reacts 
with ammonium chloride to produce volatile ferric 
chloride. 

Instructions for the remaining operations of drying, 
igniting, and weighing the precipitate are quite uni- 
form and free from objections. 

The non-uniform portions of the above procedure 
which have been investigated are: 

1. Comparison of use of ammonia solutions which 
have stood in glass bottles with the use of solutions 
prepared by the absorption of ammonia gas in water 
contained in paraffin- or rubber-lined vessels. 

2. The advantages of double precipitation. 

3. Comparison of precipitation of ferric hydroxide 
by addition of the ammonia to the ferric salt with the 
reverse method. 

4. The necessity of washing free of chlorides. 

5. The possibility of reduction of ferric iron by filter 


paper. 
EXPERIMENTAL DATA AND DISCUSSION OF RESULTS 


Pure ferrous ammonium sulfate was used for the first 
four points of this study. Either an approximately 
1 or 2.5-gram sample was weighed out for each deter- 
mination and dissolved in dilute hydrochloric acid. 
After oxidation with bromine water the solution was 
diluted to 200 ml., heated to boiling, and the ferric 
hydroxide was precipitated by the addition of a slight 
excess of ammonia solution which had been prepared 
and kept in a paraffin- or rubber-lined bottle. The 
ferric hydroxide was washed twice by decantation with 
100-ml. portions of hot water containing a drop of 
ammonia solution. After solution in acid, the ferric 
hydroxide was again precipitated and washed in the 
same manner, transferred to the filter, and washed free 
of chlorides. The dried precipitate was ignited to con- 
stant weight. 

1 Poporr, ‘Quantitative analysis,” P. Blakiston’s Son & Co., 
Philadelphia, 1927, p. 124. 
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The combined filtrates were evaporated to small 
bulk, filtered, and barium sulfate was precipitated by 
adding the sulfate to 250 ml. of boiling solution con- 
taining a slight excess of barium chloride and 1 ml. 
6 N hydrochloric acid.? 

This procedure was employed throughout with the 
exceptions noted. No precautions were omitted even 
though successive portions of the investigation indi- 
cated they were unnecessary. : 

The ferrous ammonium sulfate was analyzed volu- 
metrically, after reduction with stannous chloride and 
with zinc, with a potassium permanganate solution 
which in turn had been standardized with both U. S. 
Bureau of Standards sodium oxalate and iron wire. 
The percentage of iron conformed with that required 
by the formula FeSO, (NH4)2SO.°6H20. 


TABLE 1 
DETERMINATION OF IRON AND SULFATE IN FERROUS AMMONIUM SULFATE 


Vessels App. Wt. 
for Sample, No. Fe 
Method Fe(OH); g. Det. 
Theoretical 
Pyrex 
Pyrex 
Pyrex 
Pyrex 
Pt. 
Pt. 
Pyrex 
Pyrex 
Pt. 
Pt. 
Pyrex 
Pyrex 14.33 A 
Pt. 14.29 4 
Pyrex 14.28 . 


Double precipitation, adding to ferric solution ammonium 
hydroxide stored thirty days in glass. 

Double precipitation, adding to ferric solution ammonium hy- 
droxide stored seven days in glass. 

Double precipitation, adding to ferric solution ammonium hy- 
droxide stored in paraffin- or rubber-lined bottle. 

Same as C, using one precipitation. 

Double precipitation, adding ferric solution to ammonium 
hydroxide from paraffin- or rubber-lined bottle. 

Double precipitation, washing free of sulfates only. 


Mean % No. SOs Mean% 
Fe Det. SO4 


14,24 
14.45 
14.38 
14.32 
14.37 
14.29 
14.40 
14.31 
14.35 
14,28 
14.37 
14.30 


49.00 


_ 


NHOWONOPNHOCHR ARH DORODWR’ 


49.06 
49.21 
49.22 
48.83 
49.05 
49.17 
49.07 


. NEUEN EYEE t ee: 
AONCMOMNOMOUAMNO: 


ehh ohokohelokelololel--i-. 
to 
on 


49.20 


7 BOO wp 


From the results presented in Table 1 it is apparent 
that: 

1. The use of ammonia solution which has been in 
contact with glass is very detrimental to the gravi- 
metric iron determination. Even when silica-free 
ammonia solution is used, the calculated percentage of 
iron is high, presumably from silica derived from glass 
vessels used in the analysis. 

2. The substitution of platinum vessels for Pyrex 
provides but little improvement in the iron analysis 
and decidedly increases the calculated percentage of 
sulfate. When platinum ware is used, the barium 
sulfate has a violet tinge, probably due to the formation 
of a platinum compound from the reduction of the 
ferric iron, which is then adsorbed. This may also 
account for the high iron value. 

3. In all cases, the smaller samples show a greater 
percentage of iron than the larger samples. 

4. No significant advantage can be found for double 
precipitation of ferric hydroxide. 

2 PoporF AND NEUMAN, Ind. Eng. Chem., Analyt. Ed., 2, 
45 (1930). 
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5. No advantage is realized by employing the more 
cumbersome method of adding the ferric solution to the 
ammonia. 

6. The presence of chlorides is not detrimental in 
the ignition of ferric hydroxide. 


To prove even more definitely that there is no 
possibility of loss of iron by volatilization when ferric 
hydroxide is ignited in the presence of ammonium chlo- 
ride, equal volumes of ferric chloride solution were pre- 
cipitated with ammonia in the usual manner. Three 
of the samples were filtered, dried, and ignited without 
washing. Two samples were washed free of chlorides 
before ignition. Table 2 shows no significant varia- 
tion in the final results. This is in agreement with the 
conclusions of Dandt.* 


TABLE 2 
IGNITION OF Fe(OH): WITH AND WITHOUT WASHING FREE OF CHLORIDES 
Method No. of Det. Mean g. Fe 
Washed 2 0.2903 
Unwashed 3 0.2901 





To show that there is no possibility of reduction of 
ferric ion by the filter paper, a quantity of shredded 
filter paper was shaken up with a solution 0.1 M with 
respect to ferric chloride and 0.5 M with respect to 
hydrochloric acid and allowed to stand for ten days. 
Portions of the solution, after filtering out shredded 
paper and adding preventive solution, were titrated 
with potassium permanganate. Other portions were 
boiled fifteen minutes before filtering and titrating. 
In no case was more permanganate used than the 
volume required in a blank run. Since these condi- 
tions are more severe than those existing during the 


3 Danot, Ind. Eng. Chem., 7, 847 (1915). 
uUu 
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analysis, the ‘‘reoxidation of any iron reduced by the 
filter paper’ is obviously a misleading expression, 
tending to give a false impression of the oxidation- 
reduction potentials in the system involving ferric iron 
and cellulose. 

Silica determinations made on ignited ferric oxide 
residues show that silica is responsible for the apparent 
high iron percentage when Pyrex vessels are used for 
the precipitation of ferric hydroxide. The residue was 
dissolved in hydrochloric acid and the silica filtered off 
and volatilized with hydrofluoric acid in the usual 
manner. Correcting for the silica, the calculated per- 
centage of iron is in satisfactory agreement with the 


theoretical. 
TABLE 3 


CORRECTION FOR SILICA DISSOLVED FROM PyREX VESSELS 





% Fe 1 Fe 
Before correcting After correcting 
for SiOz for SiOz 
14.37 14.22 
14.37 14,22 
14.44 14.26 
14.42 14.22 





CONCLUSIONS 


The gravimetric determination by precipitation with 
ammonia is unsatisfactory for accurate work unless 
silica determinations are made on the ferric oxide. 

The determination of iron and sulfate in ferrous 
ammonium sulfate is an unsatisfactory example for 
illustrating the value of double precipitation. Any 
sulfate retained by the ferric hydroxide is not significant 
with respect to the high sulfate percentage; and is not 
significant to the iron value because the sulfate is 
volatilized on ignition of the ferric hydroxide. 

Many of the precautions advised in the gravimetric 
determination of iron are not well founded. 





EFFICIENT dispersion of a gas in a 
liquid is readily accomplished by introduc- 
ing the gas through a hollow stirrer. The 
agitation of the stirrer insures a large 


MIXING GASES WITH LIQUIDS 
EUGENE W. BLANK 
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stirrer by means of two or three holes in 


as no solid product is formed as a result 
of the reaction between the gas and liquid 


! the wall of the hollow stirrer rod. So long 








contact of the two phases and rapid ab- 


this arrangement of apparatus gives very 





sorption of the gas is a result. The ac- 
companying figure shows an adaptation of 
a familiar set-up to such work. The gas is 
introduced into the inner chamber of ‘a 
mercury seal from which it passes into the 



















T good results. Accidental clogging of the 
outlets of the stirrer results in the mer- 
cury of the mercury seal acting as a relief 
valve. 
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HE HIGH-PRESSURE hydrogenation of organic 
| wna constitutes an important. field of 

industrial and organic chemical research. The 
design, operation, and maintenance of equipment for 
this purpose is a field of chemical engineering work 
which employs an increasingly large number of chemical 
engineers. The training of the chemical engineering 
student should not only include lectures describing the 
industrial high-pressure hydrogenation processes but 
should also allow the student to carry out some experi- 
ment in which this technic is used. An industrial chemis- 
try experiment on the hydrogenation of vegetable oils at 
atmospheric pressure was not successful with all oils; 
however, hydrogenation in a pressure bomb constructed 
from pipe fittings gave good results. This indicated 


the need for a better-constructed piece of apparatus. 
The object of this paper is to show the type of pres- 
sure hydrogenation apparatus that can be constructed 


as a senior thesis problem in chemical engineering. 
It is patterned after commercial types of apparatus 
now on the market and its 

construction represents a 

very considerable financial 

saving. 


A survey of the literature or a 


Aeotylene 


pressures. Provision for operation at either constant 
volume or pressure made it necessary to provide flexible 
tubing between the bomb and the hydrogen tank, and 
also limited the type of agitation to a rocking motion. 

The design of the bomb is very similar to that of 
Adkins. The bomb parts were machined from chrome- 
nickel steel, S. A. E. 3140. The bomb differs slightly 
from that of Adkins in having the bottom of the bomb 
squared so it will fit into a corresponding socket made 
from half-inch steel plate, thus furnishing a holder for 
the bomb while opening and closing. The assembled 
bomb, heating element, rocker arms, and insulating 
shell are shown in Figure 1. The copper liners de- 
scribed by Adkins are not used in this apparatus; how- 
ever, they can easily be added if desired. 

To provide agitation the bomb was constructed with 
extended arms for rocking. The axis of rotation was 
passed through the experimentally determined center of 
gravity. The heating element was wound around the 
section of the bomb below the rocker arms. The 
rocking mechanism is seen 
in Figure 2. The bomb 
rocks through a total angle 
of 45° at speeds between 20 
and 100 cycles per minute. 
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Screws Cennector 
showed several designs. teas Wosbee 
Undoubtedly the best is 
that of Adkins (1), repre- 
senting the two commercial 
types on the market (2), 
(3). Several types are de- 
scribed by Ellis (4). Peters 
and Stanger (5) also de- 
scribe a useful autoclave. 
A general description of 
high-pressure equipment 
and technic has been given 
by Dilley and Edwards (6). 
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The general specifica- 
tions for the bomb were a 
capacity of 500 cc. and an 
operating pressure of 2000 
pounds per square inch. 
By not exceeding this pres- 








Copper gaskets are made 





by cutting rings from a 21/2- 
inch copper pipe mounted 
inalathe. The gaskets can 
be easily cut with ridges to 
fill the grooves in the bomb 
head and shell. It is nearly 
as satisfactory to cut off thin 
rings without the ridges and 
to soften them by heating 
followed by sudden cooling. 
The copper flows into the 
grooves under the applied 
pressure. 

The entire apparatus is 
controlled from a remote- 
control switchboard con- 
nected by a long five-wire 
cable. The switchboard, 
Figure 3, contains two large 
switches with lamp-bank 
connections in series, one for 
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sure it is possible to use 
standard copper tubing and 
valves designed for higher 
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the heater circuit and the 
other for the rocker motor. 
There are two large D’Ar- 
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sonval-type panel meters. One is a sensitive Weston 
meter used either as the thermo-couple meter for 
temperatures up to 200°C., or, in connection with a 











FIGURE 2.—CoMPLETED BoMB AND AGITATION ASSEMBLY 


thermo-shunt, as an ammeter for the heater circuit. 
The other meter is a less sensitive meter used for 
indicating temperatures above 200°C. 


COST OF THE APPARATUS 
In the design of the apparatus the utilization of 


(1) Apxins, Ind. Eng. Chem., Analyt. Ed., 4, 342 (1932). 

(2) AMERICAN INSTRUMENT Co., Aminco Hydrogenation Ap- 
paratus, Bull. 1700. 

(3) BurceEss-Parr Co., Apparatus for Catalytic Hydrogena- 
tion, Bull. E-13. 

(4) Exuis, ‘““Hydrogenation of organic substances,” D. Van 
Nostrand Co., New York City, 1930. 
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standard fittings was 
kept in mind. The 
result was that pur- 
chases amounting to 
only $17.25 were 
made. The value of 
the equipment al- 
ready on hand was 
estimated at approxi- 
mately $32.00. This 
includes a value of 
$10.00 each for the 
two meters. 
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FiGuRE 3.—CoONTROL BOARD 


The apparatus is 
operated in the manner described by Adkins (1). The 
catalyst used is nickel supported on infusorial earth (7) 
or the Raney catalyst (8). 


SUMMARY 


An apparatus has been described which may be con- 
structed by a student as a chemical engineering thesis 
or advanced design problem. The cost of such an 
apparatus is nominal in comparison with the com- 
mercial types. Operation is very successful over the 
range of pressures for which the apparatus was designed. 


(5) PETERS AND STANGER, Ind. Eng. Chem., 20, 74 (1929). 
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COOLING EFFECT of EVAPORATION. A LECTURE DEMONSTRATION 


HE FOLLOWING experiment for producing a 

lowering of temperature by the evaporation of 

ether has been found convenient because of the 
simple method of disposing of the ether vapor. 

An ordinary gas-collecting bottle (260 cc., wide- 
mouthed) is filled almost half full of ether and fitted 
with a stopper bored to hold a test-tube, an inlet tube, 
and an outlet tube. The test-tube extends into the 
ether as far as possible, the inlet tube extends almost to 
the bottom of the bottle, and the outlet tube extends 
just through the bottom of the stopper. The inlet 
tube is connected to the gas jet, and the ether caused to 
evaporate by bubbling gas through it. The outlet 
tube is connected to a Bunsen burner where the mix- 
ture of gas and ether vapor is burned. + 

A thermometer, and 5 to 10 cc. of water are put into 
the test-tube. If the part of the test-tube filled with 





ALTON L. MARKLEY 


Skidmore College, Saratoga Springs, New York 


water is completely immersed in ether the water will 
freeze solid in about 30 minutes. If the test-tube is 
removed and held in a stream of water for a few seconds 
the ice will be loosened and may then be withdrawn as 
a chunk on the end of the thermometer. 

A record of the drop in temperature may be put on 
the board, readings being taken every few minutes. 
The temperature usually drops several degrees below 
the freezing point before ice forms, and consequently 
the phenomena of undercooling and the liberation of 
heat during crystallization can also be demonstrated. 
The effect of different solutes on the freezing point 
may also be shown by this experiment, as suggested 
by Hauben.? 


1 HAUBEN, SAUL S., “A demonstration of cooling by evapora- 
tion,” J. Cuem. Epuc., 9, 1115 (June, 1932). 




















































MATHEMATICAL PROBLEM PAGE 


Directed by PAUL C. CROSS 


Gates Chemical Laboratory, California Institute of Technology, Pasadena, California 


PROBLEMS 66-70 


OLUTIONS of the following problems will be given 
in the May issue. 





66. Given that (cos ¢ + isin ¢) = — sing+icos¢ 
where 7 = (—1)'”, show that 
cos ¢ + isin @ = e*. 

67. Show that cos ¢ = (e% + e~*)/2, and sin ¢@ = gq. 
(e* — e-*) /2i. 

68. Acomplex numberx + izy, | 
where x and y are real ‘3 
numbers and i = (—1)"",  & : 70. 





may be represented as a ¢ 
vector in the xy plane from X=rcos¢ 
the origin to the point(x,¥). 

a+ bi =c+ dif and only ifa = candbd =d, 
(a+ bi) = (c+ di) =@+o4+ (6 + di, 





(a + bi)(¢ + di) = (ac — bd) + (ad + be)t. 

(Multiply algebraically and substitute —1 for 7?.) 

(a) Show that x + zy may be written re’* and give 
rand ¢intermsofxandy. (ris known as the 
modulus or magnitude and ¢ as the angle or 
argument of the complex number.) 

(b) Prove De Moivre’s formula, 

(cos ¢ + isin ¢)” = cos md + 7 sin nd. 
From a consideration of the complex numbers 
e*, ec, and e+, derive the formulas for cos 
(@ + 6) and sin (¢ + @) in terms of the sines and 
cosines of ¢ and 0. 

The conjugate y (or y*) of a complex number y is 

a complex number obtained from y by changing 

the sign of the coefficients of 7. 

(a) Show that y + y and wy are real numbers, 
and that y — ~ is a pure, imaginary number. 

(b) Determine when yy is equal to y?. 


SOLUTIONS OF PROBLEMS 61-65 
[J. Cuem. Epuc., 11, 186 (March, 1934) ] 


61. Let » = 1 in each observation 63. 
py v pr? 
0.17 0.005 0.000025 
0.16 0.015 0.000225 
0.20 0.025 0.000625 
0.12 0.055 0.003025 
0.17 0.005 0.000025 
0.17 0.005 0.000025 64. 
0.23 0.055 0.003025 
0.18 0.005 0.000025 
Zpy = 1.40 Zpv? = 0.0070 =p = 8 
(a) do = Lpy/Sp = 1.40/8 = 0.175 
(b) (n — 1)2p = 7:8 = 56 
ro = 0.6745(0.007/56)3 = + 0.0075 
62. (a) Dpy = 4044.931, 2p = 54 ay = 74.906 
(b) 9 v pu? 
0.013 0.000169 0.000507 
0.009 0.000081 0.001134 65. 
0.007 0.000049 0.000392 
0.018 0.000324 0.001620 
0.006 0.000036 0.000216 
0.001 0.000001 0.000006 
0.006 0.000036 0.000216 
0.011 0.000121 0.000726 
Zpv? = 0.004817 


re = 0.6745(0.004817/7-54)! = +0.0024 
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=p = 6, Zpx = UC = 100.7, Spy = UK = 3.667, 
(Spx)? = 10140, Spx? = EC? = 2024, pry = ECK = 
60.33 


D = 6.2024 — 10140 = 2004 

a = (8.667-2024 — 100.7-60.33)/2004 = 0.672 

dz = (6-60.83 — 100.7-3.667)/2004 = —0.0036 

K = 0.672 — 0.0036C. 

From the results of problem 63 

C K (calc.) v pu? 
6.3 0.649 0.028 0.000784 
11.6 0.630 0.020 0.000400 
14.2 0.621 0.002 0.000004 
17.3 0.610 0.003 0.000009 
21.6 0.594 0.037 0.001369 
29.7 0.565 0.028 0.000784 

Tpv? = 0.00335 


r, = 0.6745(0.00335-2024/4-2004)! = +0.020 
re = 0.6745(0.00335-6/4-2004)} = +0.0011 
(The ratio r2/az is so large partly because a2 is so small.) 


Let a be an arbitrary value of y. 
For >p(y — a)? to be a minimum 


4 eply — a)?) = —2zpy + 2a>p must be zero, 


2 
Zep — a)*) = 2p must be positive. Thus 


2aoZp = 2Zpy, — ao = (Zpy)/(Zp). 
This is the expression for the arithmetical mean. 
=p is positive because every p is positive. 
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KEEPING UP WITH CHEMISTRY 


De-inking and reprocessing paper accomplished by new 
method. S. D. Weis. Chem. & Met. Eng., 40, 634-7 (Dec., 
1933).—Numerous processes for the liberation and removal of 
the carbon-black pigment are known. Some paper-making 
plants have used fibrous raw materials from paper stock recovered 
from publications printed on paper composed of cellulose fibers 
free from lignin. A much larger tonnage of printed paper con- 
tains groundwood pulp, the fibers of which contain some ligno- 
cellulose. It is much more difficult to remove printing ink from 
this type of paper. 

A dischargeable printing ink based upon a pigment consisting 
of the iron lake of hematin has been developed. This ink can be 
successfully bleached by sulfur dioxide. In some grades of 
printing paper as high as 80% of the recovered stock can be used 
to replace a like quantity of virgin pulp. J. W; Ek. 

Jewels of the machine shop. Anon. Ind. Bull. of Arthur D. 
Little, Inc., 84, 2-3 (Dec., 1933).—Hard metal compositions as 
substitutes for drilled diamonds of the black or ‘‘carbonado” 
type are now emerging from the experimental stage to one of 
great commercial possibilities. The General Electric Company, 
The Carboloy Company, The Fansteel Products Company, 
The Ramet Corporation of America, and the Vanadium Alloys 
Steel Company have entered into a five-party agreement pro- 
viding for the cross-licensing of products. Tungsten carbide, 
a hard alloy, was found to be well adapted for cutting hard 
abrasive materials such as cast iron, ceramics, hard rubber, 
asbestos, etc. It was not well adapted for the cutting of tough 
steels, either hardened or annealed. The metal tantalum solved 
this problem, again in the form of a carbide. These hard metal 
compositions may be as important to industry as was the pro- 
duction of high-speed steels early in the present century. 

G. O 


Cashew-nut paint. Anon. Ind. Bull. of Arthur D. Little, 
Inc., 84, 4 (Dec., 1933).—Dr. M. T. Harvey has spent years 
experimenting with the unusual liquid that comes from the peri- 
carp or shell of the cashew nut, adapting it for use as a coating 
to such an extent that a line of products called Harvels has 
resulted. The Harvel coating products are not offered as general 
household varnishes and paints, but as specific coatings to do 
certain things not satisfactorily done by other paints or varnishes. 
One important use is the painting of all types of cement surfaces 
where they are subject to continual wetting. These products are 
also used for coating metal, wood, concrete, etc., in industrial 
plants where ordinary paints may not withstand the corrosive 
agents or influences found in such places. They appear to be 
well adapted for ship-bottom paint. They have been selected as 
the ideal coating for wooden laboratory table-tops. Harvel 
varnish is used on the paper inserts of bottle caps because it can 
withstand acids, alkalies, alcohol, and oils without softening or 
wrinkling. It is also useful in baked-on enamels for metals. 
Special Harvel products have been developed for non-coating 
uses. One form is used as a binder for the manufacture of heavy- 
duty brake blocks, such as are used on the Greyhound buses and 
on large street railway buses. Another form makes possible the 
public-address-system horns which are said to be the only 100% 
moisture-resistant horns on the market. The cashew nut grows 
in a leathery-skinned shell at the end of a swelling on the stem, 
which looks like a juicy fruit. The apple, as it is called, is not 
only edible but delicious, if sometimes astringent. It is used by 
the Brazilians to make their soft drink, cajuda, and also a strongly 
flavored wine. It belongs to the botanical family, Anacardiacee, 
or cashew-sumac group of plants, and is a native of the oo 


Recent developments in nitrogen fertilizers. C. L. BURDICK. 
Chem. & Met. Eng., 40, 638-41 (Dec., 1933).—Urea is the most 
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recently developed nitrogen fertilizer. The fundamental reac- 
tion representing the synthesis is 2NH; + CO, == (NHs3)2CO, 
== (NH2)2,CO + HO. These reactions do not go to comple- 
tion in either direction. Asa result the product put on the mar- 
ket is a urea-ammonia liquor and runs 32.5% urea, 28.9% am- 
monia, 18.1% ammonium carbamate, 20.5% water. Total 
nitrogen is 45.5%. It sells in the same price range as ammonium 
sulfate. ~ Werke 

Materials of construction trends. L. T. Worx. Chem. & 
Met. Eng., 40, 628 (Dec., 1933).—Reactions of certain chemicals 
upon the ordinary materials of construction have caused new 
materials to be developed. Among the metals are platinum, 
tantalum, and magnesium; improvement in formulation and 
fabrication in stainless steels; and alloys for use with hydrochloric 
acid. Electroplating of protective coatings, and fabrication of 
two metal layers is much used. 

Among the non-metals are a large number of plastics. Lami- 
nated wood and impervious textiles are some of the new applica- 
tions of plastic resins. Clay products are being molded thinner 
and enamels improved. Pyrex glass is being offered in larger 
and heavier sizes. J. W. H. 

OFHC, etc. Anon. Ind. Bull. of Arthur D. Little, Inc., 85, 
2-3 (Jan., 1934).—Metallurgy appears to have scored another 
commercial success of possible extended application. The new 
product is ‘‘OFHC,” the best known high-conductivity oxygen- 
free copper, containing no residual deoxidant. The reported ad- 
vantages are several: greater homogeneity and uniformity 
than that of ordinary copper, greater ductility, and unusual im- 
munity to the embrittling effects of reducing atmospheres at high 
temperatures; its performance under repeated stresses appears 
to be definitely superior. 

In the manufacture of ordinary oxygen-free copper the residual 
oxygen is removed by adding a deoxidant (usually phosphorus) 
to the ladle, but an excess of deoxidants necessary to remove com- 
pletely the oxygen present lowers the conductivity of the copper 
and tends to harden it. ‘‘OFHC’’ does not have to be deoxidized 
because its manufacture depends upon two elements of precise 
control to prevent oxidation and assure uniformity. First, the 
melting of the cathodes is carefully accomplished in an electric 
furnace under reducing conditions; second, the casting is done 
in an atmosphere free from oxygen (in vertical water-cooled 
molds). ‘ 

The greater ductility of ‘“OFHC” copper permits it to be 
drawn down without annealing to a greater degree than ordinary 
tough-pitch copper. Sheets, tubes, and wires made from it tend 
to be freer from surface defects. Its resistance to alternating 
stresses qualifies it for manufacture of armature wires, rail bonds, 
aircraft fuel lines, articles subject to repeated vibration. Its non- 
embrittling qualities make it useful for chemical equipment and 
for use in vacuum tubes. 

Today there are three types of high-conductivity oxygen-free 
copper, all depending upon precise metallurgical control. The 
first is so deoxidized by phosphorus that the ‘amount of phos- 
phorus remaining is too small to affect the copper. The second 
uses carefully measured quantities of lithium as a deoxidant to 
get a similar result. The third—more radical than these two 
methods—is a process to produce a homogeneous mass without 
melting. This is accomplished by sintering solid particles of 
cathode copper in a reducing atmosphere followed by extrusion. 

At present the price for “OFHC” ranges from $17 to $22 a 
ton. Possibly the greatest use of some of these coppers will be 
as premium-priced conductors of exceptional purity. Cables and 

related electrical products are so much more expensive than the 
copper they contain that increased purity—permitting less weight 
or greater capacity—is likely to be worth the cost. Of greater 
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interest, perhaps, is the application of these close control methods 
to other metals and to the metal industry generally. G. O. 
A starchless potato induced by the introduction of foreign en- 
zymes. R. F. Suir AND H. Hisspert. Science, 79, 78-9 (Jan. 
26, 1934).—A levan has been obtained by the action of B. sub- 
tulis. Introducing cultures of these bacteria into young potato 
plants over a considerable period of time caused them to produce 
tubers containing levan instead of starch. Hz. c. K. 


JouURNAL OF CHEMICAL EDUCATION 


The mechanism of the polymerization and depolymerization 
of olefins. F. C. Wuitmore. Science, 79, 45-7 (Jan. 19, 
1934).—The double bond upon ‘‘opening”’ creates a positively 
and negatively charged ion which may pick up a hydrogen ion 
leaving a positively charged ion. This may join with the positive 
valence of other ‘“‘opened”’ double bonds, thus making the process 
continuous. Polymerization is stopped by loss of a hydrogen 
ion regenerating the conventional double bond. B.C. 


HISTORICAL AND BIOGRAPHICAL 


Richard Kirwan, F.R.S., 1733-1812. W. H. BRINDLEY. 
Nature, 132, 157-8 (Dec. 23, 1933).—Kirwan, the Irish scientist, 
studied both chemistry and law and for a number of years prac- 
ticed at the Irish bar. From 1777-87 he lived in London in 
close contact with Cavendish, Priestley, Banks, and other eminent 
men. For reasons of health he then returned to Dublin, where 
he lived a more retired life. 

His many publications covered the fields of chemistry, geology, 
mineralogy, meteorology, etc., while his ‘‘Elements of Mineral- 
ogy,’’ 1784, the first systematic treatise on the subject in the 
English language went through several editions. 

A leading exponent of the phlogiston theory, he was at last 
converted by the arguments of the French school; and this left 
Priestley as the last defender of the Stahlian theory. 

“A true philosopher to the last, caring neither for riches nor 
for distinctions,’’ he died in Dublin, June 1, 1812. D. 


Scientific centenaries in 1934. E. C. Smitn. Nature, 133, 
13-4 (Jan. 6, 1934)—Among the many scientists listed are 
the following chemists: 

Gerorc Ernst STAHL (1660-1734), a physician who in 1698 
enunciated the phlogiston theory, which held sway for almost a 
century. 

Tuomas Henry (1734-1816), the secretary and president of 
the Manchester Literary and Philosophical Society, whose text- 
book on chemistry was edited by Benjamin Silliman for American 
use. 

Dmitri IVANOWITSCH MENDELEEFF (1834-1907) brought order 
among the elements with his periodic table (1869). 

CarRL SCHORLEMMER (1834-1906), an organic chemist at Owens 
College, Manchester, England, is known to several generations 
of American chemists as a co-author of Roscoe and Schorlemmer’s 
Chemistry. 

Among the American names (non-chemist) cited are: 

SAMUEL PIERPONT LANGLEY (1834-1906), a pioneer in aero- 
nautics and secretary of the Smithsonian Institution. 


CHARLES AuGusTuS YouNG (1834-1908), the astronomer of 
Princeton University. 

Major JOHN WESLEY PowELL (1834-1902) of the U. S. Bureau 
of Ethnology and the U. S. Geological Survey. FB. B.D: 

Freshman chemistry in America in 1850. M. J. McHenry. 
Sch. Sci. & Math., 34, 11-20 (Jan., 1934).—Taking as a basis 
for his review, textbooks on elementary and theoretical chemistry 
of the following authors and times: Comstock, 1846; Fownes- 
Bridge, 1850; Draper, 1853; Gray, 1848; Kane-Draper, 1842; 
and Silliman, 1846, McHenry very methodically and carefully 
covers the years 1800 to 1850 as regards the nature of the chem- 
istry teaching and the subject matter. He concludes that the 
freshman of 1850 had a mass of facts in several fields offered him; 
that he had some well-defined theories to guide him, and that he 
was able to pursue a course possessing distinctly modern ten- 
dencies. .H.G. 

Chemistry in the pulp and paper industry. F. W. 

Rep. New Eng. Assoc. Chem. Teachers, 35, 17-21(1933) _—Paper 
making is an art dating into antiquity in its utilization of natural 
fibers for producing a sheet of paper suitable for writing or print- 
ing. The fibrous raw material, such as ramie, various grasses, 
and later old rags, was beaten to a pulp with water by mortar 
and pestle. The beating process caused the hydration and fi- 
brillation of the cellulose materials, covering the fibers with a 
gelatinous layer which on subsequent drying cemented them to- 
gether into a strong sheet of paper. 

Beating was a laborious hand process of low capacity, and the 
forming of the sheet was a heavy, wet job. In the eighteenth 
century mechanical developments in the form of the stamp mill 
and Hollander beater replaced the hand beating. 

Due to the development of the Hollander beater and the Four- 
drinier machine the demand for paper-making materials was 
greatly increased and about 1850 chemists started work on the 
problem of supplying a new fibrous material. Several years 
later the soda process was developed for producing white pulp 
from wood. QC; 


ADMINISTRATION PROBLEMS AND DEVICES; CURRICULA 


Educational discussion. The colleges and national recovery. 
R. L. Keviey. Bull. Am. Assoc. Univ. Profs., 19, 478-82 (Dec., 
1933).—A reprint. The colleges themselves have not recovered. 
Most of them are dazed by a series of unexpected blows, but most 
of them are on their feet and are striving to save themselves and 
to render service to the community. The fact that the colleges 
may keep clear of the NRA structure is a great gain. It en- 
ables them all the more effectively to render service to the govern- 
ment and to the nation. Their first duty is to stick faithfully 


to their job. A large institution has a recent increase of 2000 
students with a budget less than that of the previous year. Of 
231 institutions reporting, 185 have been obliged to reduce sal- 
aries. In 44, the salaries remain the same, and in 2, salaries have 
actually been increased since 1929. The NRA aspires to foster 
fair competition but unfortunately some colleges have been guilty 
of unsportsmanlike and unprofessional practices, especially in 
the matter of undercutting the rates of tuition, which, as is well 
known, are unusually far below the cost of college —— 
Jiti: G. 


PROFESSIONAL 


Academic freedom and tenure. A committee report. Bull. 
Am. Assoc. Univ. Profs., 19, 472-7 (Dec., 1933).—Following com- 
plaints of dismissals from the faculty of Texas Christian College, 
Fort Worth, Texas, the committee interviewed 28 persons, over 
half of whom were members of the permanent faculty. At 
Texas Christian College no trouble whatever appears to have 
arisen respecting academic freedom. The fundamental difficulty 
respecting tenure was precipitated or at least intensified by the 
progressive shrinkage of enrolment and removals since 1929. 
The numerous dismissals of 1933 were preceded by a succession 
of salary cuts. Since the committee’s regional report, some ac- 
tion has been taken with respect to possible beneficial changes in 
the University’s methods, such as reinstatement of some of the 
dismissed teachers; appointment of a faculty committee, a move 
which looks forward to an increased faculty participation in the 
university’s affairs; and a revision of the contract form announc- 
ing a purpose to retain all members rendering efficient service, 
promoting them as merit and circumstances warrant and estab- 
lishing genuine security of tenure and intellectual ae ss ae 

j.. a. G. 


New professional responsibilities for chemical engineers. 


H. C. PARMELEE. Chem. & Met. Eng., 41, 16-7 (Jan., 1934).— 
Chemical engineering marches on, professionally as well as tech- 
nically. Today it is accepted as a distinctive branch of engineer- 
ing and its exponents are recognized as substantial members of 
the engineering profession. The American Institute of Chemical 
Engineers is a member of the Engineers’ Council for Professional 
Development. This council will function through four commit- 
tees: on student selection and guidance, on engineering schools, 
on professional training, and on professional recognition. This 
is the best-codrdinated effort thus far made to gain for engineers 
in the future a group identity that will be recognized not only by 
the profession but also by the public. J. W. eh. 
Chemical industry must face new labor problems and policies. 
E. C. Ecxer. Chem. & Met. Eng., 41, 14-23 (Jan., 1934).— 
American chemical industry, in common with all other large- scale 
industries, is facing serious changes in relation to labor of all kinds. 
The author believes that in this re-alignment the technical man 
may find himself ‘‘the forgotten man.”” Headvocatesa more vigo- 
rous and determined policy in this connection and through new 
organizations, if the already existing professional societies do not 
quickly grasp the opportunity. J. WH: 








THE LABORATORY WorRKSHOP. A SIMPLE COURSE IN APPARATUS 
MAKING AND THE USE oF Toots. E. H. Duckworth, B.Sc., 
A.R.C.S., Inspector of Science and Technical Education, 
Colonial Service, Nigeria; and R. Harries, City and Guilds 
(Engineering) College, Imperial College of Science and Tech- 
nology, London. G. Bell & Sons, Ltd., London, 1933. xi + 
246 pp. 8 Plates. 428 Figs. 14 X 22cm. 10/- net. 


The purpose of this book, as stated by the authors, is that it 
“may encourage the design and construction of home-made ap- 
paratus not only because of the pleasure and advantages which 
the use of a laboratory workshop brings, but also because in these 
times when economy is urged and the allocation of money for 
scientific apparatus is all too small, self-help of this kind seems 
the only way in which efficient teaching is to be secured.” Sug- 
gesting possible uses of the laboratory workshop, the authors 
further knowingly remark: ‘‘Most science masters have had the 
experience of delving into cupboards and finding a dusty collec- 
tion of broken balances, galvanometers and such-like that are 
no longer in use owing to the lack of some small screw or essential 
part,” and pointing out the need for training in manual dexterity 
state: ‘‘The wide development of science in schools has given 
the opportunity for a new type of workshop, where science and 
handcraft are happily linked together, and where students can 
learn that general handiness with tools for accurate working in 
both wood and metal, which is of value, not only to the future 
science worker, but to any man or woman living in the present 
age of mechanism.”’ 

The task set for themselves by the authors is well performed. 
The book is informative, suggestive, and inspirational. The head- 
ings of the twelve chapters suggest the scope and content of the 
subjects treated. These are: I, The Selection and General 
Equipment of a Laboratory Workshop; II, Tool Equipment; III, 
Materials; IV, How to Mark Out, Cut, File, Drill, and Bend 
Sheet Metal, Rod, Strip, and Tube; V, Screw Cutting; VI, 
Soldering; VII, Woodworking; VIII, Electric Wiring and the 
Laboratory; IX, Miscellaneous Processes—The Cutting, Drill- 
ing, and Grinding of Glass; X, Drawings and Designs; XI, Ap- 
paratus Designs; XII, More Apparatus Designs. An appendix 
contains a good bibliography of books and periodicals for the 
workshop library, and an adequate index renders details readily 
accessible. 

The treatment of subject matter is exhaustive and highly de- 
tailed. Tools are listed and illustrated and their dimensions and 
sizes are exactly specified. Materials and supplies are described 
in detail. The proper quality and sizes, as of sheet metal, rods, 
bars, tubing, angles, channels, screws, bolts, rivets, nails, solder, 
abrasives, cements, solvents, etc., are described and in many 
cases sources are mentioned and approximate prices stated. 
Paragraphs and figures are numbered and cross references, which 
occur constantly throughout the book, serve to coérdinate details. 

The 428 figures are of the type of first-class engineering draw- 
ings, and the plates are well chosen and well prepared. Drawings 
and printing are clear, and the arrangement and format are at- 
tractive. No errors of importance are noted. 

Not every science laboratory may have a completely equipped 
workshop, but every worker who is concerned with the design, 
construction, care, repair, or use of scientific equipment may find 
a wealth of helpful and suggestive information in this book. 


ANTIOocH COLLEGE Wn. A. HAMMOND 


YELLOw SPRINGS, OHIO 


LIFE AND EXPERIENCES OF A BENGALI CuHeEmisT. Prafulla 
Chandra Réy. Chuckervertty, Chatterjee & Co., Ltd., Cal- 
cutta, India, 19382. x + 557 pp. 14 X 22cm. 7s. 6d. 


In the preface Professor Ray says: ‘While a student at 
Edinburgh I found to my regret that every civilized country, 
including Japan, was adding to the world’s stock of knowledge; 
but that unhappy India was lagging behind. I dreamt a dream 
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that, God willing, a time would come when she too would con- 
tribute her quota. 

‘“‘Half-a-century has since then rolled by. My dream I have 
now the gratification of finding fairly materialized. A new era 
has evidently dawned upon India. Her sons have taken kindly 
to the zealous pursuit of different branches of science. May the 
torch thus kindled burn with greater brilliance from generation 
to generation.” 

The book has two themes: a scientific and a political one. 
The author is intensely interested in the development of pure and 
applied chemistry in India. He is also an ardent politician, 
preaching at all times the doctrine of India for the Indians. He 
admires the English as chemists and hates them as a ruling class. 
It is permitted to the reader to like parts of the book and not to 
be enthusiastic over others. 

Prafulla Chandra Ray was born in 1861. His father, though 
a Hindu, learned Persian, which was then the court language, and 
had a smattering of Arabic. The son was interested at first 
in Latin and in English literature. The change to chemistry 
came after entering the Metropolitan Institution of Pandit 
Iswarchandra Vidayasagar. The chemistry professor was Mr. 
(afterward Sir Alexander) Pedler. 

Ray won a Gilchrist Scholarship and left India for Edinburgh 
in 1882. At Edinburgh he worked under Crum Brown. Two 
of his fellow students were James Walker, who was the first 
Englishman to work with Ostwald, and Alexander Smith, later 
professor at Chicago and Columbia. 

Ray wondered whether he too should take up physical chem- 
istry but was advised by Professor Dittmar of Glasgow to be a 
chemical chemist first. He received his doctor’s degree in in- 
organic chemistry in 1887. In 1888 Ray returned to Calcutta 
and in 1889 he was appointed temporary assistant professor at 
the Presidency College. 

Ray felt that “in Bengal the one thing needed was not so much 
the establishment of Technological Institutes as the initiative, 
the dash, the pluck, the resourcefulness in our youths that go to 
the making of a business man, an entrepreneur, or a captain of 
industry. The college-bred youth has been found to be a hope- 
less failure; there is no driving power in him; at best he can only 
shine as a tool or an automaton.”’ 

To remedy this Ray started a small chemical factory which he 
ran as an adjunct to his teaching. At first they made sodium 
phosphate from the bones of cattle and such pharmaceuticals 
as Syrup Ferri Iodidi, Liquor Arsenicalis, Liquor Bismuth, Spiritus 
Aethert Nitrosi, etc. Bottles were bought second-hand in the 
bazaar. The selling was a difficulty because people said: ‘‘Im- 
ported drugs from firms of established reputation command a 
ready sale, whereas indigenous drugs would be refused by our 
customers.” 

The impossible happened. All difficulties, including the lack 
of capital, were finally overcome arid now the Bengal Chemical 
and Pharmaceutical Works employs two thousand hands and 
has perhaps the biggest sulfuric acid plant in India. 

In 1894 the chemical department moved into new buildings. 
Soon after this Ray discovered mercurous nitrite. The investi- 
gation of this substance and its numerous derivatives and also 
of the nitrites in general meant one hundred or more papers. 
This should have kept Ray busy; but that was not the case. He 
found time to write a ‘‘History of Hindu Chemistry” which was 
a masterpiece. ; 

In 1916 Ray joined the newly founded University College of 
Science as the first holder of a Professorship of Chemistry. In 
1921 chairs in Applied Chemistry and in Physical Chemistry 
were established. It is not too much to say that the gratifying 
development of chemistry in India in the last forty years is due 
directly and indirectly to Ray. This would be a marvelous thing 
for anybody to have done; but it is the more remarkable when 
one considers that Ray has been what most of us would call an 
invalid all his life. When thirteen years old he had a bad attack 
of dysentery which became chronic, making him a permanent 
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valetudinarian with impaired digestive organs. He was a vic- 
tim of indigestion, diarrhoea, and, later on, of insomnia. He has 
had to submit to the most rigid observance of diet and regimen. 

All this, however, was only half of Ray’s life. To him the 
political side was equally important. As a boy he had been 
attracted to the Brahmo Saraj movement which aimed at the 
abolition of the caste system, the removal of social inequalities 
(including the social relations between Englishmen and Indians), 
and the uplifting of women by the spread of education among 
them. While a student in Edinburgh Ray wrote: ‘We find 
there is a tendency among a certain class of writers to single out 
some of the worst types of Mohammedan despots and bigots, and 
institute a comparison between the India under them and the 
India of today. This is very fair, no doubt; but will the Mo- 
hammedan rule suffer by comparison with ours? It is forgotten 
that at the time when a Queen of England was flinging into flames 
and hurling into dungeons those of her own subjects who had the 
misfortune to differ from her on dogmatic niceties, the great 
Mogul Akbar had proclaimed the principles of universal tolera- 
tion, had invited the moulvie, the pandit, the rabbi, and the 
missionary to his court, and had held philosophical disquisitions 
with them on the merits of their various religions.” 

Ray was responsible for Gandhi’s first appearance on a Calcutta 
platform. This was in 1902 and even at that time “‘the ideas of 
Satyagrapha and Passive Resistance which were destined to be 
such potent factors after a generation had already germinated.”’ 
It seems to be quite certain that the English in India have been 
unwise in the extent to which they blocked the rise of Indians in 
the Civil Service. On the other hand Ray does not draw a 
flattering picture of the Bengali. Part of the general misunder- 
standing is that Ray focuses on the special Bengali and the 
English Government on the average Bengali. 


CoRNELL UNIVERSITY WILDER D. BANCROFT 


ITHACA, NEW YORE 


HyprIDES OF BoRON AND SiLicon. Alfred Stock, Professor of 
Inorganic Chemistry, Technische Hochschule, Karlsruhe. 
Cornell University Press, Ithaca, New York, 1933. vi + 250 
pp. 28 Figs., 8 plates. 15.5 X 23cm. $2.00. 


Professor Stock, the George Fisher Baker Non-resident Lec- 
turer in Chemistry at Cornell University in 1932, presented a 
series of lectures describing the results of his investigations, ex- 
tending over a period of more than twenty years, on the prepara- 
tion, the chemical and physical properties, and the structure 
of the hydrides of boron and silicon. It is indeed gratifying to 
see these lectures collected as a unit which maintains the excel- 
lent standards established by the previous lecturers of this series. 
The value of the text is augmented through the careful revision 
by Professor J. Papish and Dr. W. J. O’Leary of the preliminary 
translation made by Cleveland Abbe, Jr. 

The aims and accomplishments of the author are admirably 
expressed in the following lines which are quoted from his chapter 
entitled Retrospect: ‘In nature boron’s dominating affinity for 
oxygen restricts it to the monotonous réle of boric acid and the 
borates, and prevents it from competing with carbon, its neighbor 
in the periodic system. 

“It is very stimulating to observe the change from the rich 
chemical possibilities of carbon, the fountain of terrestrial life, 
as one passes to its three neighboring elements boron, silicon, and 
nitrogen... . 

‘To be sure, the three refractory non-metals carbon, boron, and 
silicon are so strikingly similar in their elemental form that even 
the older chemistry included them in a limited group. Their 
chemical behavior, however, showed hardly any recognizable 
similarities. Carbon had the greatest mobility and diversity, 
while silicon and boron were unvarying and restricted in their 
reactions. But today it is known that in the latter two elements 
there also slumber rich chemical possibilities which are not avail- 
able in nature because of the great affinity of silicon and boron 
for oxygen—possibilities which can be wakened only by the re- 
sources of the laboratory.” 

An introductory lecture is given in the series on The Present 
Status of the Natural Sciences which is exceedingly interesting. 


It demonstrates the author’s clear and broad concepts of the 
problems confronting science. It is followed by a single chapter 
on the investigations of the hydrides of silicon. These hydrides 
are prepared by the action of hydrochloric acid solution of mag- 
nesium silicide, Mg2Si, which gives rise to the formation of the 
well-defined compounds, SiHy, SigHs, SisHs, SigHio, and at least 
two other higher hydrides. The halogen substitution products 
present another interesting series of compounds, while the oxygen 
and nitrogen derivatives are unique in their chemical and physical 
properties. Due to the pronounced affinity of silicon for oxygen, 
the chemistry of these hydrides is by no means as extensive as 
that of the analogous compounds of carbon. Carbon stands 
alone in its ability to form a large number of different types of 
stable combinations with other elements. 

Attempts are made to explain the formation of these hydrides 
by the reaction mentioned above, but it appears that there is 
not at present any mechanism entirely free from criticism. 

The greater part of the book is confined to the studies of the 
hydrides of boron. These compounds are prepared in a manner 
analogous to the preparation of the silicon hydrides, that is, 
through the action of hydrochloric acid on magnesium boride. 
Several hydrides have been established here, namely, B2He, 
BeHw, BsHo, BsHu, BeHio, and BioHu. An extensive account 
is given of their chemical and physical properties. It is also 
interesting to learn that BH; has never been prepared and prob- 
ably does not exist. Thus a study of the chemistry of these 
hydrides may lead to some very interesting results relative to 
our concepts of valence. The hydrides mentioned above do 
not appear to behave in accordance with the expectations of the 
normal valence relations. Accordingly, much of the work in 
this field has been directed toward a solution of these valence 
problems. Some studies have been made with the alkyl deriva- 
tives of boron to aid this problem. 

One is at once impressed by the unique methods employed to 
prepare and study the hydrogen compounds of boron and silicon. 
Here Stock has contributed outstanding and invaluable tools 
for the worker who is required to study the properties of sub- 
stances in the absence of air and moisture. Much of this tech- 
nic is already in use in many of our academic and technical labora- 
tories; and without it, many research problems would be greatly 
handicapped today. Mention may be given here to only a few 
manipulations, such as the mercury float-valve, special contain- 
ers for storing gases, vessels for the determination of the vapor 
density of a substance in the absence of lubricants, the floating 
balance for density and pressure measurements, shaking devices, 
the determination of the melting point of a substance im vacuo at 
low temperatures, low-temperature fractional distillation and 
condensation, the use of the vapor-pressure thermometer, and 
many methods for carrying out reactions im vacuo at low tem- 
peratures. These manipulations are thoroughly described and 
illustrated in the Appendix of the text. Complete references to 
the literature are also given. 

This book should be in every library and in the hands of work- 
ers interested not only in the hydrides of these metals, but in 
the physical and chemical properties of substances which can- 
not be studied under the usual laboratory conditions. 


UNIVERSITY OF CHICAGO WarREN C. JOHNSON 
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Prattz & Baugr, INc., 300 Pearl Street, New York City, 
announces the publication of a new 28-page booklet, No. U-3, 
on the “Zsigmondy Ultrafiltration Apparatus and Membranes.” 
These membranes, which are made from cellulose esters, have 
been used extensively in all branches of science for work in 


ultrafiltration, electroultrafiltration, dialysis, electrodialysis, 
osmosis, and other work requiring semipermeable membranes 
of graduated porosity. The booklet contains a survey of work 
that has been done in the field as well as a bibliography of 124 
literature references. A second publication is a 14-page listing 
entitled ‘“‘Gruebler-Hollborn Stains and Preparations for Micros- 
copy.’ Copies of this catalog and list will be sent on request. 








PROFESSOR HERBERT FREUNDLICH 
1880- 


Author of the classical “‘Kapillarchemie’’ and of numerous other 
books and articles on colloid chemistry. (Photograph by Professor 
C. W. Foulk of The Ohio State University, summer of 1932, at the 
Kaiser Wilhelm Institute, Berlin-Dahlem.) 
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EDITOR’S OUTLOOK 


URNING THE CLOCK BACK. One of the most 
(ian of human weaknesses is the wistful urge 

to turn backward the flight of time. In its more 
primitive and obvious manifestations this yearning 
has been remarked by all of us. 

Which of us does not number among his acquaintances 
at least one professional alumnus? His college years 
were to him the brightest period of his life. He haunts 
the scenes of his former glory on every possible oc- 
casion—a tangible, audible wraith, bent on reinhabiting 


a world that no longer exists. The professional 
fraternity brother will be recognized as a subspecies. 
The professional veteran is another variation of this 


pathetic and numerous class. He foregathers in large 
numbers at national conventions and with grim en- 
thusiasm attempts to relive the one dramatic episode 
of his otherwise drab career. 

These cases are readily diagnosed even by the most 
inexpert clinicians and they are, on the whole, rela- 
tively harmless. There are, however, subtler and 
less generally recognized forms of the golden-age 
complex. 

On every hand exhorters urge us to go back to this or 


that—‘‘back to the faith of our fathers,’ ‘back to 
rugged individualism,” “back to Jeffersonian democ- 
racy,” “back to subsistence farming,”’ ‘“‘back to educa- 
tional essentials,’”’ “back to first principles” (whatever 
they may be). Unfortunately for our exhorters, there 
is no going back. Whatever uncertainty there may be 
as to the direction of ‘‘time’s arrow’ in the realm of 
mathematical physics, there is none whatever in 
practical everyday affairs. 

Even if it were possible to do so the advantages of 
“going back’’ are largely illusory. Man’s environment 
has always been too complex to permit his complete 
mastery of it. The problems of earlier ages seem 
relatively simple to us only by benefit of hindsight. 
We think it would be easy to solve the problems of two 
generations ago only because we have seen how our 
grandfathers and our fathers solved them. Any fool 
can stand an egg on end today, but there was a time 
when it took a clever fellow to do it. 

The real trouble with our backward-urgers is that 
they imagine we can somehow reverse the clock to the 
place where the ability to stand eggs on end will make 


wise men of us all. It won’t work. 





PHILATELY SERVES CHEMISTRY 


HAROLD F. SCHAEFFER 


Waynesburg College, Waynesburg, Pennsylvania 


The fact ts pointed out that many high-school and 
college students pursue philately as a hobby, and it is sug- 
gested that this interest be enlisted as an aid in the teach- 
ing of chemistry. By means of a number of definite ex- 
amples this paper endeavors to demonstraie that it is 
possible to select a series of postal issues which can be 
used to stimulate interest in a variety of subjects en- 
countered in a chemistry course. 
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T IS USUALLY conceded to be good pedagogy for an 
I instructor to associate the subject taught with 
something in which the student has already ac- 
quired an interest. Should the interest be of sufficient 
proportions to have developed into a hobby, so much 
the better. Within the past few years philately has 
greatly increased its popularity among people of all 
ages and classes. A fair proportion of stamp col- 
lectors are of high-school and college age. Most of 
the students who are not pursuing philately as a hobby 
will show signs of interest when certain stamps are 
brought to their attention. Why not, therefore, em- 
ploy stamps to enlist further 
interest in chemistry? 

When launching a new 
class in chemistry reference 
is often made to the fact 
that the science was an out- 
growth of alchemy. It 
would seem only natural 
for a student to wonder how 
alchemy had its origin and 
how its name was derived. 
In a measure, this can be 
given an interesting expla- 
nation with the aid of cer- 
tain stamps. 

According to many au- 
thorities alchemy reached 
Europe by way of ancient Egypt, that mysterious land 
of the sphinx and pyramids and derived its name from 
the ‘Black Land’ of the Nile. (Plate 1.) The 
Egyptian deity Thoth was the god of wisdom, the 
reputed inventor of the arts and sciences. There- 
fore, according to one tradition, he is credited with the 
founding of alchemy. This deity was frequently rep- 
resented as possessing a human body, but having the 
head of an ibis, the bird which was sacred to Thoth 
(Plate 2). In some respects Thoth was the Egyptian 
equivalent of the Greek Hermes. The former was ap- 
parently considered the more potent and venerable, 
and so he was sometimes honored with the appellation 


PLATE 1 


Sphinx and pyramids of Egypt. 
dawn of alchemy. 


“Hermes Trismegistos,’’ signifying ‘‘the thrice greatest 
Hermes.” 

Tradition has it that Hermes Trismegistos inscribed 
the basic secrets of alchemy on an emerald tablet, 
which he presented to Sarah, wife of the patriarch Abra- 
ham. While all trace of the Emerald Tablet has been 
lost, the original text was supposed to have survived. 
Three versions are presented in Dr. Tenney L. Davis’ 
essay in the August, 1926, JouRNAL OF CHEMICAL 
EpucaTION (pp. 863-75). 

We pay homage to Hermes whenever we employ the 
term “hermetically sealed,” which had its origin in the 
fact that the alchemists frequently placed the seal of 
Hermes on flasks of preparations they had made. 

As a rule we think of the alchemists as being pri- 
marily interested in the transmutation of base metals 
into gold. Many of these men were extremely patient 
in their endeavors. Such a man was Hermann Boer- 
haave (Plate 3). He was a believer in alchemy and he 
kept a quantity of mercury heating for a period of 


jifteen years in order to determine whether it would 


To further illustrate Boerhaave’s 
persistence it might be 
stated that he distilled an- 
other sample of mercury 
over five hundred times to — 
learn whether its volatility 
would be affected. His text, 
““Elementa Chemiae,” pub- 
lished in 1724, was for a 
long time considered one of 
the chief authorities on 
chemistry. 

In most chemistry courses 
the first element discussed 
in detail is oxygen. Al- 
though this gas was not iso- 
lated until the eighteenth 
century it is interesting to 
find that Leonardo da Vinci, nearly three centuries 
before, had made the significant observation that the 
air contains at least two components, one of which 
supports combustion. Although known to many people 
only as a painter and sculptor, Leonardo was rather ver- 
satile; not only art, but mechanics, mathematics, and 
the sciences in general, came within his realm (Plate 4). 

The Russian, Michajlo Lomondésov, showed by 
experiment that when metals are calcined (or oxidized) 
they combine with some component of the air. His 
country honored him when celebrating the two- 
hundredth anniversary of the Russian Academy of 
Sciences (Plate 4). 


undergo any change. 


These may have seen the 
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Since hydrogen is our lightest gas, it naturally re- 
minds us of balloons and dirigibles. On this subject 
interesting postal issues are quite abundant. Although 
hydrogen was discovered in 1776 and was used in a 
balloon as early as 1783, the dirigible balloon had to 
wait for the twentieth century for successful develop- 
ment. What funny 
little craft those first 
ships were! (Plate 5.) 

A Brazilian, Santos 
Dumont, constructed 
more than a dozen 
small airships. Dame 
Fortune appeared to 
have a grudge against 
Dumont, for he ex- 
perienced nearly every 
kind of accident. His 
ships came down in 
the most inappro- 
priate places, and on 
one occasion the fire 
department had to 
rescue him from the 
side of a building in 
Paris. During 
another flight he 
nearly collided with 
the Eiffel Tower. 
Fortune smiled upon 
Dumont at last. In 
1901, in ship “No. 6,” 
he rode to triumph 
by circling that same 
Eiffel Tower and win- 
ning a German prize 
of a hundred thousand 
francs. The speed of 
the flight, seven miles 
in less than half an 
hour, may not seem 
very thrilling to us 
now, but gasoline en- 
gines were in their in- 
fancy during the open- 
ing years of this cen- 
tury. 

Dumont’s airship 
was limited in size 
because it was of the non-rigid type. The buoyant 
gas was contained in a single elongated gas bag. 
Count von Zeppelin, a retired German army officer, 
was another man who experimented with airships in 
the early years of the present century, but he made 
larger craft practical by placing the gas in a number 
of separate containers. These were mounted in a rigid 
metal framework. Zeppelin’s name is now perpetuated 
in the type of airship he originated. Undoubtedly the 
most famous airship is the Graf Zeppelin (Plate 6). 
Although we do not ordinarily hear very much about 


PLATE 2 


Upper: A Greek conception of 
the god Hermes. 
Lower: The Egyptian god Thoth. 
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Left: The Sun. Helium was discovered on the sun before 


it was known on our earth. 
Right: Hermann Boerhaave, eighteenth century Dutch 
chemist and author of the text, ‘‘Elementa Chemiae.” 


the airships of Russia, the number of Zeppelin stamps 
issued by this country would indicate that its rulers 
have been duly impressed with the importance of such 
craft (Plate 7). 

To help impress the laws of Charles and Boyle prob- 
ably no stamps could serve better than those of Belgium 
which represent Prof. Piccard’s stratosphere balloon. 
Ordinarily, upon hearing the word ‘“‘balloon’’ we 
visualize a craft supported by a well-inflated gas bag, 
usually spherical in shape. What a contrast between 
this image and the ungainly shape of the first craft to 
penetrate to the stratosphere. Of course, there are 
reasons. May it not be possible that finding out why 
Piccard started with such an unconventional shape, 
can serve as the desired sugar-coating for the gas-law 
pill? (Plate 5.) 

While on the sub- 
ject of gases we may 
note that the inert 
gas helium was first 
observed in the corona 
of the sun during an 
eclipse. Although 
there is no_ postal 
issue celebrating the 
discovery of this ele- 
ment, there are at 
least stamps which 
represent the sun, 
from which the gas 
received its name 
(Plate 3). 

** * * 

Upper: Portrait of 
Leonardo da Vinci, who 
observed that air is made 
up of more than one com- 


ponent, and that one of 
these cannot support com- 
bustion. 
Center: Model of da 
Vinci’s flying machine. 
Lower: Michajlo Lom- 
onédsov and the building 
of the Russian Academy 


of Sciences. PLATE 4 





May, 1934 


Proceeding to carbon, we naturally think of coal, 
since this is our source of coke. The much-discussed 
Saar Valley here provides us with a very good picture 
of a colliery shafthead (Plate 8). One of the dreaded 
dangers lurking in many coal mines is methane gas, or 
fire-damp. Before the nineteenth century many a 
coal miner fell victim to disasters 
caused by lanterns coming into 
contact with explosive mixtures of 
methane and air. The safety lamp, 
evolved by Humphry Davy, mini- 
mized this danger. The ‘‘Sicher- 
heitsmann,”’ or safety man, with his 
lantern (Plate 8), would no doubt 
lend interest to a lecture demonstra- 
tion of the principle of Davy’s 
safety lamp. 

Students of organic chemistry are 
well aware that until Wéhler’s syn- 
thesis of urea it was generally be- 
lieved that organic compounds could 
not be synthesized from their ele- 
ments or from inorganic compounds 
because there was no process by 
which the laboratory could introduce 
the requisite “vital force.” Even 
after the publication of Wé6hler’s 
synthesis there was many a doubt- 
ing Thomas. The French chemist, Marcelin Berthelot 
(Plate 9), was one of the most ardent opponents of 
the vital force theory. To add more weight to his 


Left: 


Center: 


Letter carried by the Graf Zeppelin, a highly successful dirigible. 


opposition he carried out researches in which he 
demonstrated the actual syntheses of numerous organic 
compounds. 

Water is frequently referred to as the universal sol- 
vent, and it is employed in far larger quantities than any 
other solvent. Ethyl alcohol, however, enjoys the dis- 
tinction of being the most extensively used manufactured 
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solvent. Louis Pasteur (Plate 9) was probably the first 
to investigate alcoholic fermentation in such a way as 
to understand very thoroughly what was taking place 
during the process. Although Pasteur made important 
contributions to chemistry, his popular fame was no 
doubt based upon his researches in the realm of bac- 
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PLATE 5 


Santos Dumont’s airship and the Eiffel Tower. 

Right: Airship of Auguste Severo, a less fortunate countryman of Dumont. 
was killed in May, 1902, when the ‘‘Pax” exploded and fell in flames near Paris. 
This ship measured nearly a hundred feet in length. 

Prof. Piccard’s stratosphere balloon. 


Severo 


teriology. A disease which was taking a heavy toll of 
silkworms in southern France (Plate 9) had much to do 
with laying the groundwork for Pasteur’s later re- 
searches in bacteriology. 

It is safe to say that no other 
organic compound is manufactured 
in such a high state of purity in 
such large quantities as is sucrose. 
While Cuba supplies much of the 
western world’s sugar, we must not 
lose sight of the fact that sugar is 
produced in other parts of the 
globe also. Even far-away Africa 
has its sugar mills (Plate 10). 

Palm oil (Plate 11), which is a 
liquid fat, is presumably one of the 
important raw materials entering 
into the manufacture of some widely 
advertised soaps. African natives 
obtain one grade of palm oil by 
heating the fruit of the tree in 
water. The oil, which separates 
and rises to the surface, is then 
skimmed off. This can be used as 
a food fat. Besides being used in 
the production of soap, palm oil is also employed in the 
manufacture of candles. During war times glycerin 
was an important by-product in the soap industry. 

The subject of oils brings us to one which is highly 
important, not so much for its actual food value, as for 
its vitamin content. Cod-liver oil (Plate 11), which 
was a common household medicament in grandmother’s 
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PLATE 7 
A Few RussIAn DIRIGIBLES 


Upper left: Emphasizing the feasibility of Arctic explora- 
tion by airship. 
& Lower left: 
to the Steppes. 

Right: An airship over the Lenin Mausoleum. 


Symbolizing air communication from Tundra 





PLATE 8 


Above: 


Right: A mine “safety man” with a Davy safety lamp. 


Colliery shafthead over a coal mine in the Saar district. 
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time, has now acquired the approval of the medical 
profession. 

Time was when cotton was—merely cotton. It was 
a natural fiber which served as raw material from which 
to produce cloth. This is no longer the case entirely. 
The cotton plant (Plate 12) nowadays supplies the raw 
material from which a large array of products is manu- 
factured by chemical means. The cotton wool is prin- 
cipally cellulose, one of the polysaccharides. Products 
now made from it are used to put a beautiful and dur- 
able finish on your automobile; the transparent wrap- 
pings on our present-day packages, as well as the film 
used in your camera, trace their origin to cellulose—or 
cotton; the ladies’ dresses—and even their fingernail 
polish—are made from cellulose compounds. 

In closing our brief survey of organic chemistry let us 
consider oil. So frequently do we hear of exploring 
parties finding American oil cans in remote corners of 
the world that we are prone to forget that other 
countries engage in the production of petroleum 
products. Plate 11, which depicts oil wells of seldom- 

heard-of Azerbaidjan, 
may help correct this 
notion. 

If any nation ever en- 
joyed a practically com- 
plete monopoly of an 
important commodity of 
world trade for many 
decades, this may be 
said of Chile. Chile salt- 
peter, or sodium nitrate, 
served as the most im- 
portant source of nitrates 
for a very long time. So 
intimately was the pros- 
perity of the country 
linked with its nitrate 
exports that in 1930 a 
set of three stamps was 
issued to commemorate 

‘ the fact (Plate 13). 


PLATE 9 


Left: 


Center: Louis Pasteur. 


Stamp of Lebanon, showing a silkworm cocoon, a silkworm on a mulberry leaf, and the adult moth. 


Right: Portrait of Marcelin Berthelot. 
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PLATE 10 
CARBOHYDRATES 


Left: View of a sugar mill in Africa. Center: Cuba, an important western source 
of sugar. Right: A native method of preparing cassava. 
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Codfish, a valuable source 


Petroleum oil, 
of an oil rich in vitamins. 


Oil wells in the Orient. African natives extracting palm oil, a fat. 
PLATE 11 


OILs 


PLATE 12 
CELLULOSE 


Left: Native woman spinning cotton. 
Above: An Egyptian version of the cotton plant. 
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Upper left: Hydroelectric plant on the 
Shannon River in Ireland. 

Upper right: Alessandro Volta. 

Lower row: Three Chilean stamps cele- 
brating the importance of the nitrate 
industry. 


+++ + 


Of the metals utilized by prehis- 

a toric civilizations, copper, gold, and 
silver were the first known. Silver, 

it is claimed, was known as early 
as 4500 B.c., and the other two 
antedated silver. On Plate 14 is 
shown an illustration of a silver 
coin of the ancient city of Amathus 
on the island of Cyprus. Copper 
was probably the first metal appro- 
priated by man, but its uses were 
limited because it was too soft for 
tools and weapons. The impor- 
tance of copper increased when 
someone discovered that the addi- 
tion of tin would yield hard bronze 
(Plate 15). So important do his- 
torians consider the influence of 
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PLATE 13 


Dependence upon South America 
for its nitrate supply has not always 
been satisfactory to the rest of the 
world. Since there is an abundance 
of nitrogen in the atmosphere it 
was only natural that attempts 
were made to combine it with other 
elements. The Birkeland-Eyde 
process, the earliest practical solu- 
tion of the problem of atmospheric 
nitrogen fixation, required cheap 
electricity. The hydroelectric power 
station on the Shannon River in 
Ireland (Plate 13) is typical of the 
type of plant required to supply 
the current used in the fixation of 
nitrogen by this process. 

Before the world was ready for 
the conversion of steam or water 
power into electricity, countless ex- : nll 
periments had to be conducted Ait ‘i 
with current produced by chemical eer - . 4 | - i 
means. In this field Alessandro gr = ‘ ee” 
Volta (Plate 16), who invented the 
Voltaic pile, was one of the pioneers. 


++ + + 


Upper left: Mazda, God of Light. 
According to the Zoroastrian belief the 
forces of light, under Mazda, were waging 
a constant battle against the powers of 
darkness. 

Upper right: Russian conception of a 
blast furnace. 

Lower left: Map of Cyprus, from which 
the metal copper derived its name. 

Lower right: Silver coin of the ancient 


city of Amathus. PLaTE 14 
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Upper left: The war god, Mars, representative of iron. 

Upper right: Ancient Turkish blacksmith, Boz Kurt, and 
the supernatural wolf. When a Turkish tribe was almost 
annihilated in battle a few found refuge in a valley entirely 
surrounded by high mountains. They and their descendants 
thrived here but eventually became too numerous for the 
available resources. Unless they could find an escape 
through the mountain wall they were threatened with famine 
and misery. One day a she-wolf appeared which was not 
afraid of mankind. She led some men to a small hole in the 
mountain wall through which streams and fertile valleys 
could be seen. Boz Kurt (or Bozcourt) soon made iron 
hammers, picks, shovels, etc., with which the hole was en- 
larged into a gateway through which the tribe escaped from 
their restricted valley. 

Lower left: Iron crown of Stephan of Hungary. 

Lower right: Statue of Liberty. Example of a modern 
work in bronze. 

++ + + 


bronze on man’s early progress that the term “bronze 
age” has been adopted to indicate a certain period. 
During the bronze age, the isle of Cyprus (Plate 14) 
was especially important and prosperous because it 
supplied a large proportion of the world’s copper. In 
fact, we still pay homage to Cyprus when we speak of 
copper, inasmuch as the name of the metal is derived 
from the name of this island. The bronze of Cyprus 
(about 2000 B.c.) contained about ten per cent. tin. 

People commonly think of gold as the most valuable 
of metals. It may therefore appear odd that at various 
times silver was more precious than gold. This was 
true in ancient Egypt as well as in other countries. 
In our own century platinum (Plate 16) is more costly 
than gold. In some ways this is unfortunate because 
of the numerous technical applications of platinum. 

No doubt the metal which has proved most useful in 
the past is iron. Early in its history the metal was 
considered very precious. When it became abundant 
iron superseded bronze in the manufacture of utensils, 
implements, and weapons. When this change oc- 
curred the “iron age” in man’s progress began. AI- 
though this age appeared at different dates among 
various peoples, it covered, roughly, the ten centuries 
preceding the Christian era. The fact that the al- 
chemists assigned to iron the same symbol which desig- 
nated the planet Mars (associated with the Roman war 
god, Plate 15) would indicate the importance of this 
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PLATE 15 


metal in the manufacture of weapons. Although not 
considered a noble metal, iron has crowned the head of 
more than one ruler (Plate 15) and the blacksmith’s 
trade was a highly respected one for many centuries. 
However, the production of cheap iron in enormous 
quantities really began with the modern blast furnace 
(Plate 14). 

If iron is our cheapest metal, aluminum is the most 
abundant metal in the earth’s crust. The history of 
man’s progress in his methods of isolating this metal is 
an interesting one. Although at one time so expensive 
that it was employed in jewelry, aluminum is now con- 
sidered an indispensable metal for countless everyday 
purposes. Its lightness and strength, coupled with 
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PLATE 16 
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Russian stamp depicting the construction of a dirigible. 
A South American platinum mine. 


Center: 


Part of the light metal framework can be seen at right. 
Right: Norwegian radium hospital. 
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PLATE 17 


Upper left: Indian mining gold. Lower left: Panning gold 
in French Guiana. Upper right: Chinese conception of the 
god Mercury. Lower right: Ancient Greek version of Mer- 
cury. 


freedom from corrosion in ordinary air, render this 
metal and its alloys extremely important in the con- 
struction of dirigibles (Plate 16). 

The only metallic element which is not a solid at 
ordinary temperatures is mercury. This silvery liquid 
metal has no doubt fascinated people ever since its 
discovery. While not known so early as some of the 
other metals, this liquid silver did succeed in be- 
coming associated with the ancient deities. Toward 
the end of the fifth century or early in the sixth the 
Romans identified the Greek Hermes with their own 
Mercury (Mercurius, god of the merchants). Thus it 
was that quicksilver became associated with the 
“messenger of the gods”’ (Plate 17). 

Of all the metals, the one which has the highest melt- 
ing point is tungsten. The refractory character of the 
metal was long a bar to its fabrication, but with the 
development of ductile tungsten manufacturers of in- 
candescent electric lights abandoned the use of carbon 
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filaments and the word ‘‘Mazda” came to be almost 
synonymous with tungsten. It is hardly likely that 
very many people who use the word realize that 
Mazda was the ancient Zoroastrian god of light (Plate 
14). 

Of the more modern elements, radium has probably 
received more publicity in popular articles than any 
other. The best known of the highly radioactive ele- 
ments, it was also the first to be put to many practical 
uses. Radiumtherapy (Plate 16) is only one of its 
applications. 


The foregoing does not purport to outline an entire 
course in general chemistry; that is not necessary. 
This paper should serve to indicate, however, what can 
be done. The collection of stamps used herewith does 
not exhaust the possibilities by far. Many other good 
stamps are available and new issues are forthcoming 
every year. Silicates, drugs, dyes, gems—nearly all 
types of chemicals and many processes are represented 
somewhere. It must be remembered, however, that 
one must be alert to recognize issues which have chemi- 
cal significance, because many stamps bear no label or 
title. It is true that some very desirable designs may 
have to be ignored on account of their prohibitive 
cost. Those illustrated in this paper are not very ex- 
pensive. Very few cost as much as fifty cents each, 
while many range in price from one to five cents each. 

A convenient method for showing a small group of 
stamps to a class is to have the stamps mounted on a 
large card and covered with Cellophane. In this 
form the stamps can be passed around without being 
soiled or damaged. It is usually desirable to pass a 
magnifying glass around with the card because the 
beauty of some designs becomes more evident when 
viewed through a lens. 
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I do not know anything, except it be humility, so valuable in education as accuracy. Direct lies told to 
the world are as dust in the balance when weighed against the falsehoods of inaccuracy; and accuracy can be 


taught. 


Sir Arthur Helps 
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N THIS paper I shall show that certain problems of 
interest to chemists can be solved readily by a non- 
mathematical consideration of the qualitative 

changes in the chemical potential with increasing alka- 
linity or increasing acidity. If we add oxygen to any 
oxide, we are adding a negative element and the oxide 
becomes more acidic and less basic. 

Roscoe and Schorlemmer (1) say that “‘it is a general 
rule that the acid-forming oxides of a metal contain 
more oxygen than the basic oxides of the same metal. 
Thus Bi,O3 is a basic oxide, while Bi,O; is a weak acid- 
forming oxide; again VO is a basic oxide, while V20; 
yields a strong acid which forms stable salts.” 

This generalization is repeated in connection with, 
and amply supported by, readily accessible detailed 
discussions of data relating to chromium (2), titanium 
(3), uranium (4), molybdenum (5), manganese (6), 
tungsten (7), vanadium (8), bismuth (9), (10), anti- 
mony (11), and lead (12). 

Three oxides of tin are recognized: stannous oxide, 
SnO; stannic oxide, SnO2; and tin peroxide, SnO;. The 
first two are both basic- and acid-forming oxides and the 
third is only acid-forming. We have stannous and 
stannic chlorides, and stannites, stannates, and per- 
stannates. The stannates are more stable than the 
stannites and stannic chloride is hydrolyzed much more 
readily than stannous chloride. 

Murray (13) has proved the non-existence of copper 
quadrantoxide, Cu,O, and Mellor is a bit skeptical 
about Cu;O, so the oxides in good standing at present 
are Cu.0, CuO, CurOs, and CuO. Mellor (14) says 
that cupric oxide is a stronger base than cuprous oxide; 
but this must be a slip of the pen, because cupric oxide 
is more acidic since a sodium cuprite, Na,CuOs, seems 
to exist (III, 145). Since calcium cuprate, CaCu,Q,, 
is believed to have been prepared, CuO; is also an acid- 
forming oxide, as it should be. 

The change to an acid-forming oxide will take place 
more readily in an alkaline solution than in an acid one 
because the alkali will tend to neutralize the acid. 
Consequently alkali must raise the chemical potentials 
of the lower oxides and acid must raise the chemical 
potentials ot the higher oxides. Since the lower oxides 
are reducing agents relatively to the higher oxides and 
since the higher oxides are oxidizing agents relatively 
to the lower oxides, it follows that alkalies raise the 
chemical potential (electromotive force) of a reducing 
agent and acids raise the chemical potential (electro- 
motive force) of an oxidizing agent. This has been 
known for over forty years (15). If we mix a reducing 
agent and an oxidizing agent in an alkaline or an acid 
solution, the alkali will make the reducing agent more 


powerful and the oxidizing agent less powerful, while 
the acid will act in the opposite way. Whether the 
reaction will take place more readily in an alkaline or in 
an acid solution depends on whether the chemical 
potential of the reducing agent changes more than the 
chemical potential of the oxidizing agent in passing 
from an alkaline to an acid solution. It is well known 
that alkaline pyrogallol is more effective in determining 
oxygen than neutral or acid pyrogallol and conse- 
quently we deduce that alkali boosts the chemical 
potential of pyrogallol more than it lowers the chemical 
potential of oxygen. This has been confirmed experi- 
mentally by Mr. P. A. Hansen, whose work will be 
published later. 

It is also well known that organic developers are more 
effective in developing photographic films when used in 
alkaline solution. Consequently we deduce that alkali 
affects the reducing potential of hydroquinone, etc., 
more than it does the oxidizing potential of silver 
bromide. This is also true experimentally. 

From these facts it follows, other things being equal, 
that a basic oxide will be oxidized more readily in an 
alkaline medium. This offers an explanation for the 
surprising fact discovered by Bancroft and Nugent (16) 
that the degree of oxidation of an oxide of manganese 
dissolved in a borax melt in contact with air increases 
continuously with increasing alkalinity. In the ac- 
companying table are given Nugent’s data for the 
amounts of available oxygen per gram of manganese in 
melts of different proportions of Na,O and B,O3. 

AVAILABLE OXYGEN IN BORATE MELTS 

A = mol per cent. Na2O in borate melt 

B = grams available oxygen per gram manganese 

0.000 5 0.143 
0.020 0.135 
0.020 0.145t 
0.059 0.141t 
0.085 0.150t 


0.083 0.144 
0.102 


* Anhydrous borax, NazB207. 
t MnO; = 0.1456 g. available oxygen per gram manganese. 


It seems probable that one should use a distinctly 
alkaline glass with plenty of manganese if one wishes to 
duplicate the pink windows of Beacon Street. 

There is no evidence in the color of the'melt or in the 
graph of the data for any substance between manganous 
oxide and manganic oxide and yet the pressure relations 
studied by Meyer and Rétgers (17) are conclusive as 


to the existence of Mn;O, as a stable solid phase. The 
most probable explanation of the apparent discrepancy 
is that Mn;QO, is, as most people have assumed, an inter- 
mediate oxide and its formula should be written MnO-- 
Mn,O;. In the concentrations in question this oxide 
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is dissociated in the melt practically completely into 
MnO (colorless) and Mn.O; (pink) or into the corre- 
sponding borates. 

Bancroft and Nugent (18) found precisely similar 
results for precisely similar reasons in the case of copper 
oxide in borate melts. When cupric oxide was added to 
a borate melt in air containing 4.6 mol per cent. Na,O, 
21 per cent. of the copper was present in the cuprous 
state. With about 21 mol per cent. Na,O the cuprous 
copper fell to about 4 per cent. This accounts for the 
different behavior of copper oxide in the Egyptian and 
Persian glazes as opposed to the Italian glazes. The 
Egyptians used a glaze rich in soda and obtained a blue, 
because the copper was present almost completely as 
cupric salt. The Italians used a lead glaze which was 
much less alkaline, and enough of the cupric oxide 
changed to cuprous oxide to give a green color. 

I hope before long to have similar data in regard to 
other elements so as to show that the phenomena are 
entirely general. As a matter of fact these data of 
Nugent were not necessary. There are plenty of data 
in the literature to show that a lower oxide in an alka- 
line solution is oxidized fairly readily by air; but no- 
body seems to have seen the significance of this. The 
following quotations will be conclusive. 


“Chromic oxide is unchanged when heated alone in air, the 
hydroxide is not so stable, and in presence also of certain metallic 
oxides under appropriate conditions of pressure, oxygen is read- 
ily absorbed. A mixture of chromic oxide with an alkali or an 
alkaline earth can be completely oxidised by oxygen at a red 
heat, whilst if oxygen is supplied to the alkali-fusion in the form of 
potassium nitrate or chlorate, the reaction takes place even more 
readily, yielding a yellow, soluble mass of an alkali chromate. 

“Alkaline solutions of chromic salts are easily oxidised to 
chromates by chlorine, bromine, hydrogen peroxide, persulphates, 
and a number of other oxidising agents: 


CreO; + 1OKOH + 3Br,. = 2K2CrO, + 6KBr + 5H20. 


Acid solutions are also susceptible to oxidation, though less 
easily, by potassium permanganate, lead dioxide, manganese 
dioxide, ceric nitrate, and particularly by persulphates (19).” 

“According to Saxon traces of chromic acid are formed by the 
anodic oxidation of chromic oxide in pure water. . . . Much more 
rapid oxidation ensues in the presence of calcium or potassium 
hydroxide (20).” 

‘“‘When titanium sesquioxide is shaken with milk of lime in the 
presence of oxygen it is oxidised to the dioxide. More oxygen 
is absorbed than is necessary for this change, whilst hydrogen 
peroxide is formed in amount corresponding to the whole of the 
oxygen absorbed. Water must therefore take part in the reaction, 
and the phenomenon is probably a case of autoxidation.” 

“‘The manganese monoxide obtained by reducing a higher oxide 
at low temperature in hydrogen was found by Wright and Menke 
not to be spontaneously oxidised in air unless free alkali is pres- 
ent; but, if a trace of alkali be present, the monoxide takes up 
oxygen from the air and acquires a brown or black film. . . . While 
crystalline manganous hydroxide alters very slowly in air, the 
oxidation proceeds rapidly in the presence of alkali... . When 
manganosic oxide is heated with alkali carbonate and nitrate out 
of contact with air, the nitric oxide is given off: 6Mn;0, + 
2KNO; = 9Mn,0; + K20 + 2NO (23).” 


In alkaline solutions manganese hydroxide in mass or 
colloidally dispersed is oxidized quantitatively (22) to 
Mn,O; or to MnO, depending on conditions. By the 
action of potassium cyanide on manganous carbonate 


JOURNAL OF CHEMICAL EDUCATION 


one gets potassium manganocyanide, which oxidizes in 
the air to potassium manganicyanide, from which hy- 
drous manganic oxide, Mn.O;, can be obtained by 
hydrolysis. 

We know also that a ferromanganese anode in caustic 
potash goes direct to permanganate. This is not quite 
analogous because the anode may be equivalent to 
highly active oxygen. 

“Mitscherlich prepared potassium manganate, K2MnQ,, by 
heating a mixture of any oxide of manganese with potassium 
hydroxide, carbonate and nitrate, or a mixture of potassium 
hydroxide and chlorate. . . . According to Chevillot and Ed- 
wards, a mixture of 44 parts of manganese dioxide with four times 
its weight of potassium hydroxide absorbs 9.4 to 10.4 parts of 
oxygen when it is heated in oxygen gas. .. . According to Mitscher- 
lich, if manganese dioxide is heated with the alkali hydroxide in 
a closed vessel, the oxygen required for the formation of the man- 
ganate is derived from the manganese dioxide: 3MnO, = 
Mn,0; + MnOs.... 

“According to Askenasy and Klonowsky, the potassium man- 
ganate of the highest degree of oxidation which can be prepared 
by the oxidation of an excess of the lower oxides of manganese 
in the presence of potassium hydroxide, in an atmosphere con- 
taining oxygen, contains a small excess of that alkali. The re- 
sults obtained by starting with manganese dioxide or with man- 
ganese hemitrioxide are almost the same. In both cases the 
quantity of manganate formed increases as the temperature 
rises up to the point at which the pressure of the oxygen is equal 
to the dissociation pressure of the manganate; at higher tem- 
perature the manganate is, of course, decomposed. In air the 
best temperature is about 600°; in oxygen it is near 700°. Using 
an excess of manganese oxide, some 60 to 65 per cent of the po- 
tassium hydroxide employed is converted into manganate under 
the best conditions” (23). 

Bismuth tetroxide, Bi.O,, can be obtained by melting 
the trioxide with an excess of alkali hydroxide while 
exposed to the air. According to Rose, Frémy, and 
Mitscherlich the alkaline solution of antimony trioxide is 
oxidized by exposure to the air, and the antimonites are 
oxidized when fused with alkali hydroxide in air. 

Since oxygen is a weaker oxidizing agent in alkaline 
solutions and since the reaction between the basic 
oxides and oxygen take place more readily in alkaline 
solutions, we are not accurate theoretically in saying 
that oxygen oxidizes these basic oxides. It is the basic 
oxides which are activated and which reduce oxygen. 
Under ordinary conditions it does not make much 
difference which one says; but there are a number of 
cases in which it is the oxidizing agent that is activated 
and it will simplify matters a good deal if we are clear 
on the theory. 

The organic chemists do a good deal of oxidation with 
alkaline permanganate, which seems to the physical 
chemist at first sight to be a barbarous thing to do, 
because alkaline permanganate is a much weaker 
oxidizing agent than acidified permanganate. The 
matter is of course determined in part by the question 


-of possible secondary reaction due to alkali or acid; 


but there will be advantages in the use of alkaline 
permanganate in case the organic substance is activated 
sufficiently by alkali. 

Donath and Ditz (24) say that, in general, sulfuric 
acid solutions of potassium permanganate act less 
strongly on organic substances than does alkaline per- 
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manganate and they give the true reason, without 
understanding it—that the oxidation products are 
mostly of an acid nature. 

On the other hand, benzene is oxidized much more 
readily by acid permanganate than by alkaline per- 
manganate. According to Mellor, acyl compounds 
are oxidized more readily by acid permanganate than 
by alkaline permanganate. The alkaloids are often 
oxidized with acid permanganate. 

Chromic acid is an oxidizing agent of an entirely 
different type from permanganate. Potassium di- 
chromate does not react with hydrogen set free electro- 
lytically at a platinum cathode, while a mixture of 
chromic acid and sulfuric acid is a powerful oxidizing 
agent. We oxidize organic substances with alkaline 
permanganate solutions; but nobody would think of 
substituting an alkaline chromate solution. On the 
other hand, a strongly alkaline solution of permanganate 
will oxidize green chromic oxide to chromate. 

While the metallic oxides are oxidized more readily 
by air in an alkaline medium, that is not true of iodides. 
Air will oxidize hydriodic acid to iodine; but it will not, 
under ordinary conditions, oxidize neutral or alkaline 
potassium iodide to iodine, hypoiodite, or iodate. 
Alkaline permanganate will not oxidize oxalic acid; but 
acidified permanganate will. 

The theory as outlined in this paper makes it possible 
to put the chemistry of hydrogen peroxide on a more 
rational basis. This will be discussed in a later paper. 
I hope also at some time to show that Lenssen (26) 
would probably have cleared up the whole subject 
nearly seventy-five years ago if he had done electro- 
motive force measurements on his reducing and oxidizing 
agents under conditions of varying alkalinity and acidity. 

The general conclusions of this paper are: 

1. The lower oxides of a metal are more basic and 
the higher oxides are more acidic. 

2. Since the higher oxides are more acidic the pres- 
ence of alkali will facilitate the oxidation of the lower 
oxides if other things are the same. 

3. When added to fused boric acid in contact with 
air, every oxide of manganese goes down to manganous 
oxide. With increasing alkalinity the manganous oxide 
passes through the Mn.,0; and MnO, stages up to 
Mn0O3. 

4. When cupric oxide is added to fused boric acid in 
contact with air, there is more cuprous oxide formed 
than when more alkali is present. As has been 
pointed out previously this is why the alkaline glazes of 
the Egyptians and Persians are colo1ed blue by copper, 
while the less alkaline lead glazes of the Italians are 
colored green. 

5. A similar behavior is to be expected with other 
metallic oxides, such as vanadium, uranium, etc. 

6. Air oxidizes hydriodic acid to iodine; but will not 
under ordinary conditions oxidize neutral or alkaline 
sodium iodide to iodine, hypoiodite, or iodate. 

7. Since the lower basic oxides are reducing agents 
relatively to the higher acid-forming oxides of the same 
metal, we may say generally that alkali raises the 
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chemical potential (electromotive force) of a reducing 
agent and decreases that of an oxidizing agent. 

8. It has been known for over forty years that an 
alkali increases the electromotive force of a reducing 
agent and decreases the electromotive force of an 
oxidizing agent; but the reason for this has not hitherto 
been clear. 

9. Whether the reaction between a reducing agent 
and an oxidizing agent will take place better in an 
alkaline or an acid solution depends on the relative 
displacements of the reduction potential and oxidation 
potential by alkali and acid. 

10. Alkaline pyrogallol is more effective than 
acidified pyrogallol in reducing oxygen or the silver 
bromide of a photographic film. 

11. Acyl compounds and benzene are oxidized more 
readily by acidified permanganate than by alkaline 
permanganate; but the reverse is true for many 
organic compounds. On the other hand, acidified per- 
manganate oxidizes oxalic acid and alkaline permanga- 
nate does not oxidize sodium oxalate. 

12. Alkaline chromate solutions have practically no 
oxidizing power under ordinary conditions, so oxidations 
of organic compounds, excluding photochemical oxida- 
tions, are practically always carried out with some form 
of acidified dichromate solution. 

13. Permanganate and dichromate represent two 
extreme types of oxidizing agents. Permanganate can 
be used in many cases either in alkaline or acid solutions, 
dichromate only in acid solutions. Under the influence 
of light dichromate is an oxidizing agent, but not an 
alkaline chromate solution so far as I know. 

14. The first draft of this paper was written before 
Lenssen’s papers were discovered. The fundamental 
principles as developed here are those of Lenssen. 
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A STORY of INDIUM 
SIDNEY J. FRENCH 


Colgate University, Hamilton, New York 


T IS AN INTERESTING fact that out of four ele- 
mentary textbooks of chemistry recently examined 
only one carried a reference to the element indium. 

This one reference stated in part, “One family of the 
[third] group includes aluminum together with the very 
rare elements gallium and indium . . . Aluminum is the 
only one of these metals that need be further discussed in 
this text.” Events move so rapidly in the field. of 
science that today’s truth is tomorrow’s lie, for indium 
is no longer a ‘‘very rare’ element. The writer has 
before him a five-gram sample of this beautifully soft 
lustrous metal which was recently cut with a penknife 
from a hundred-gram ingot. Ten years ago, or even 
five, this small sample would not have been available at 
any price. 

In 1924, an order was placed with a prominent New 
York chemical supply company for a_ substantial 
quantity of indium. After several months of corre- 
spondence with foreign sources, one gram of the metal 
was located and purchased, it being all that was then 
available in the world. It was valued at ten dollars a 


gram, the price being considerably higher than that of 


platinum. In 1932, Mr. William S. Murray displayed 
before the Rotary Club of Utica, New York, an ingot of 
indium weighing more than three thousand grams and 
valued at more than twenty thousand dollars. Today, 
this same quantity of indium can be purchased for 
less than three thousand dollars. The potential supply 
of indium has risen from a few grams to more than two 
million grams in ten years while the price has fallen ten- 
fold. Back of this rise and fall is a romantically in- 
teresting story of hardship, courage, and chemical 
acumen. , 

It is indeed a coincidence that aluminum and indium 
should belong to the same chemical family, for in many 
respects the stories of their development parallel one 
another. As aluminum burst forth on the world in 
commercial quantities at the turn of the century to take 
its place with the abundant metals, so indium blossoms 
forth a third of a century later to take its place with 
the nobler metals. In each case, about seventy years 
have elapsed between the isolation of the metal and its 
commercial development. Both metals were made 
commercially possible in answer to real needs. Just as 
aluminum had a struggle to find a place for itself in the 
commercial world because its previous high price had 
precluded experimentation with it, so indium faces that 
same struggle today but with fine prospects of soon 
finding its place in the sun. Unlike aluminum, which 
was known to be present in the earth’s crust one hun- 
dred years before it was actually isolated by Oersted 
and by Wohler, indium was both discovered and iso- 
lated in the same year (1863) by Reich and Richter. 


Its identification as well as its name came from the 
beautiful indigo-blue line which it so prominently 
displays in its spectrum. Its commercial development 
came as the result of the knowledge that it should be a 
valuable stabilizer of non-ferrous metals much as 
chromium is a stabilizer of the ferrous metals. 

Mr. William S. Murray has been the dynamic force 
behind this commercial drama of indium and to him 
must be accorded all the honor due a pioneer. True, 
many other explorers have contributed much but he and 
his co-workers alone have carried the fight through all 
of its phases to commercial success. Mr. Murray was 
born in western Pennsylvania in 1887. His college 
education was obtained at Colgate University where he 
studied chemistry under Professors Joseph Frank Mc- _ 
Gregory and Roy B. Smith. Professor McGregory 
once said of him, “‘He couldn’t be kept within the con- 
fines of any course so we just gave him a laboratory desk 
and didn’t bother him.” This method of training 
proved eminently satisfactory for native curiosity and 
will to investigate grew unstunted. 

In 1924, Mr. Murray and his colleagues had reached 


the conclusion, after a series of investigations with 


various metals, that indium should have valuable 
properties in stabilizing non-ferrous metals. When the 
effort to purchase considerable quantities failed so 
completely, the little group was forced to decide either 
to abandon the project or to start out on a long, difficult 
search for an element which was considered by most 
authorities to be non-existent in commercial quantities. 
They chose the harder path and the seareh began. It 
became a hunt which dragged out into years bringing 
forth many failures and disheartening results. More 
than once, trivial incidents turned defeat into success. 

The first step was to locate, if it existed, an ore 
which contained paying quantities of indium. In this 
search, the spectroscope became the ‘‘piéce de resis-— 
tance.”” Sample ores of zinc, lead, silver, and gold 
were begged, bought, and borrowed. Each in turn 
appeared before the spectroscope and each in turn 
announced to the anxious observers that indium was 
not present. True, they saw the blue line of indium 
many times but always faintly. The thrill that comes 
to scientists seldom in a lifetime must have stirred this 
little group of pioneers when, after the study of hun- 
dreds of negative samples, they saw inscribed before 
their eyes the intense, unwavering blue line announcing 
that indium was present and in paying quantities. 
Fortunately, the sample was labeled, showing the area 
from which the ore had come. The first step seemed 
solved. 

A train dropped Mr. Murray in the heart of a mid- 
western state. There he set up his spectroscope in a 
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garage and began a systematic analysis of the ores of the 
region. But as ore after ore was examined with nega- 
tive results, hopes began to fall. Finally the conclusion 
was reached that the sample was not correctly labeled 
for no ores showing more than a trace of indium could 
be found in the region. Had it not been for the memory 
of one man the search must have ended here. This 
man, having known the area intimately for many years, 
recalled that at some previous time several shipments of 
ore from other areas had been mixed and sent out with 
the local ores. He recalled further that the foreign ore 
bore a marked resemblance to the sample. The search 
was off to a new start. This time it landed the investi- 
gators at the mouth of an abandoned prospect mine. 
The mine was explored and samples studied. Indium 
was present and in paying quantities. The local area 
proved to contain very definite and persistent quanti- 
ties of indium ore. To date, some thirty-five thousand 
tons of the ore have been blocked out and analyzed to 
show an average yield of 1.93 ounces of indium per ton. 
The total extent and depth of this particular vein are 
still unknown. 

Next came the technical task of determining a suit- 
able method for refining the ore. The literature on 
extraction and purification was scanty and conflicting. 
Known methods were wasteful and adapted to securing 
only small amounts of the metal. To assist in this 
technical work Mr. Daniel Gray was called in. Mr. 


Gray is a graduate of James Milliken University and 


has been deeply interested in chemistry since the age of 
ten. The problems called for 
boldness and imagination. 
Mr. Gray possessed both. 
The ore was a very complex 
one containing sulfides of lead, 
zinc, iron, copper, silver, and 
gold as well as indium. An 
experimental plant was set up. 
The ore was ground and treated 
by the flotation process to 
separate the concentrates from 
the gangue. Concentrates of 
zine and lead-silver were ob- 
tained. It was found that the 
indium was present in the zinc 
concentrate. In the refining 
process first used, the zinc con- 
centrate was roasted in the 
presence of sodium chloride 
since it was found that indium 
chloride fumed at the roasting 
temperature. The fumes were 
caught in a Cottrell precipita- 
tor, dissolved, and the indium 
plated out. This method was 
soon replaced by a simpler one 
not involving the use of a 
Cottrell. The‘ concentrate 
was roasted and the soluble 


DanigEL GRAY portion dissolved in sulfuric 


WILLIAM S. MurRAY AND MoreE THAN Two HuNDRED 
Firty Ounces OF INDIUM METAL 


acid. From this solution, the indium was either plated 
out by metallic displacement or thrown out by neutral- 
ization of the acid. The impure indium was dissolved, 
purified, and again plated out. The process as now 
used produces indium of a purity higher than ninety- 
nine per cent. Mr. Murray and Mr. Gray now hold 
basic patents in several countries for the refining of 
indium. The field was such a pioneer one that the 
French patents were granted without question and 
little of a conflicting nature was found in the American 
patent records. 

There still remained one difficult problem to solve. 
If the metal were to be used to stabilize non-ferrous 
metals, a suitable plating bath must be devised. The 
investigations of Thiele, Dennis and Gear, Mather, 
Kollock and Smith, Westbrook, and others on this 
subject were carefully studied and it was found that 
none of the suggested methods was ideal. The double 
cyanide bath usually used for such purposes promised 
to be satisfactory provided a suitable stabilizing vehicle 
in the nature of a very weak organic acid could be found 
to insure a firmly adhering, fine-grained deposit. A 
large number of such vehicles were tried and of them it 
was found that glycine (amino acetic acid) was the most 
satisfactory. This compound was, however, rare and 
expensive. Efforts to produce glycine cheaply met 
with little success. Again progress was barred and the 
successful commercial plating of indium might have been 














Dr. McGrecory (LEFT) AND Mr. Murray 


Between these men is a one-gram sample of indium (the 
size of the original sample obtained ten years ago from 
Germany) and a larger sample (the first produced by Mr. 
Murray in this country). 


retarded many years had it not been for the active 
imagination of Mr. Gray. In casting about in his mind 
for cheaper materials, he suddenly had the happy 
thought that common sugar would do the trick as well 
as glycine. Sugar was tried and proved to be entirely 
satisfactory. How often in the history of scientific 
achievement have the simpler methods. been among the 
last to be tried. Gray’s stabilization of the indium 
plating bath has made indium plating a commercial 
fact. The plate obtained in the bath is uniform, soft, 
and gray. When the plated metal is subjected to heat 
treatment, the plate diffuses into the metal giving a 
hard stabilized surface resistant to oxidation and tarnish. 

The final chapter on indium will be written during the 
next decade. The supply has increased immeasurably 
and the price has fallen tenfold during the past decade. 
The scientific public is rapidly becoming indium con- 
scious. The field of usefulness of the metal is still 
limited by the fact that indium has not heretofore been 
available for experimental purposes. So rare has the 
metal been, that two very prominent chemists when 
recently shown pure samples of it failed to identify it, 
though one recognized it to be anelement. In Septem- 
ber, 1933, Mr. Murray presented a paper on indium and 
displayed samples of the metal before the Industrial 
and Engineering Division of the American Chemical 
Society at Chicago. Keen interest was shown in this 
new metal. 

The properties of the metal indicate some of its 
probable fields of usefulness. In addition to its value as 
a stabilizer of non-ferrous metals, it should form many 
valuable and important alloys with the nobler metals 
as well as with some of the more active and abundant 
metals. The relative lightness and firmness of its 
alloys with silver suggest its use in dental work in place 
of the heavier and more expensive gold. It is not even 
beyond the bounds of reason to imagine ourselves some 
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day on the indium monetary standard. Its use for 
stabilizing silver in automobile headlight reflectors to 
prevent the rapid fall in headlight efficiency has been 
suggested. Its long liquid range from 155°C. to about 
1450°C., together with its high coefficient of expansion 
suggests its use in pyrometers for measuring high 
temperatures. Little is accurately known regarding 
the salts of indium. The metal has a valence of three 
and is active enough to dissolve in strong acids. A 
number of interesting and relatively stable salts can be 
formed. So far as is now known, salts of indium are not 
toxic to the human system. They show promise of 
considerable usefulness in the field of medicine. In 
fact, the successful treatment of African sleeping sick- 
ness with indium salts has already been reported. A 
complete and valuable bibliography on indium has 
recently been prepared under the direction of Dr. John 
B. Ekeley of the University of Colorado. 

This infant metal has now passed through the first 
two stages common in the life history of new metals, 
discovery and isolation, and commercial development, 
and has entered the third stage, commercial exploita- 
tion. It is no longer a “very rare” element known only 
as a name or number and gazed upon only by a very few 
favored scientists. It will probably become as well 
known by name and appearance to the layman in the 
next decade as chromium has in the last, due largely to 
the exacting efforts and enthusiastic energy of Mr. 
Murray, Mr. Gray, and their colleagues. 


SOME COMMONLY ACCEPTED FACTS CONCERNING INDIUM 


Atomic weight 114.8 

Atomic number 49 

Isotopes 115 

Ionizing potential, volts (gas) 5.76? 

Atomic radius (Wyckoff) 1.40 A.U. 

Ionic radius (In*+*+*) .95? 

Melting point 155°C. 

Boiling point 1450°C.? 

Electrode potential In ——= Intt+* + 3e- 0.38? volt 

Coefficient of cubical expansion X 105 cm. 12.5 

Atomic volume 15.1 

Density 7.3 

Crystal lattice Face centered? 

Position in electromotive series Between Cd and TI? 

Valences 3 and 1 (and 2?) 

Color Silver-white 

Hardness Range of lead 

Ductility Very ductile and 
malleable 

8.37 X 10~-* ohms at 
0°C.? 

The metal alloys well with a number of non-ferrous metals. 

The metal dissolves in mineral acids but not in alkalies. 

Two oxides of formulas In,O; and In3O, are recognized. 

Sulfides, InS (brown) and In,S; (yellow), are known, the latter 
being soluble in dilute mineral acids. 

Trihalides, the dichloride, InCl, and double halides, such as 
KsInCl, are known. InCl; is volatile at 600°C. 

The element forms sulfates, Ins(SO,)3, and alums (though not 
as readily as aluminum), also double sulfates of the type 
M2tSO4,M2tt+*(SO,4)3-8H20. 

The hydroxide is somewhat amphoteric and the salts moder- 
ately hydrolyzed in solution. 

In solubility, the salts resemble those of aluminum but are less 
hydrolyzed. 


Resistance 





SUPPLYING the CHEMICAL 
MAN-POWER jor the NEW ERA’ 
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and discuss some thoughts which have been suggested 

in part bythe exhibits at the Chemical Exposition and 
in part by the rapid changes which are taking place in 
our whole economic life. It is really with some hesita- 
tion that I—practically a layman, so far as teaching is 
concerned—venture to suggest to a group of experts in 
the teaching field, some of the things which appeal to 
me as requiring increased emphasis in the new era which 
lies ahead; and in doing so I am not unmindful of the 
fact that it is usually the old maids who think they 
know the most about bringing up children. On the 
other hand, in studying problems in manufacturing 
plants, I almost always find something worth while in 
the ideas of even the humblest workman about a proc- 
ess in connection with which he is employed—ideas 
which not infrequently lead to overcoming important 
difficulties. In the same way, even though you may 
not agree with my suggestions, I hope that they may at 
least stimulate your thinking and lead, perhaps, to some 
really significant advances in the art of training the 
chemists and chemical engineers that it is your task to 
supply for the new era. 

Reference to a ‘‘new”’ era implies that another era has 
gone before. In the case of chemistry, the era which is 
coming to an end, and in which chemists have been in 
great demand, began in 1914. Prior to that, the im- 
portance of the chemist in industry was seldom recog- 
nized. In fact, even as late as 1912 the prospectus of 
the department of chemistry of one of our large 
eastern universities frankly stated that there was very 
little opportunity for the chemist in either industry or 
business, and that about the only reason for studying 
chemistry, if one was not planning to teach it, was with 
the hope that the analytical or control laboratory might 
serve as a stepping stone to a more important executive 
position. 

Although the war changed all this, nevertheless, there 
are still many places where the chemist and the chemi- 
cal engineer are regarded as the efficiency expert was in 
Colorado recently. He had been sent out into the 
mountains to advise the miners. He arrived on a 
particularly cold wintry day, and as he was being driven 
out to the mines by one of the old miners, the latter 
spread a buffalo robe over the knees of both to keep out 
the cold. The efficiency expert, noticing that the fur 


I: IS A PLEASURE to meet with you this afternoon 


* Presented before a joint meeting of the Chemistry Teachers’ 
Club of New York and the New Jersey Teachers Association at 
a luncheon at the Chemists’ Club in New York og December 9, 
1933. 

{ President, Gustavus J. Esselen, Inc., Chemical Research and 
Development, Boston, Mass. 


side was out, remarked to the miner that he ought to 
turn the robe over. ‘“‘Don’t you know,” he said, ‘“‘that 
it is warmer to have the fur next the body?” The old 
miner followed the suggestion and began to chuckle as 
he drove along. This chuckling irritated the efficiency 
expert, and finally he said with much show of dignity, 
“What are you laughing at? Are you laughing at 
me?” “Ohno,” replied the miner, ‘I was just thinking 
of the poor buffalo. What a fool he was all his life, 
that he did not know a simple thing like that.” 

During the last three years there have been. frequent 
discussions as to whether or not we were training too 
many chemists and chemical engineers, and whether it 
would be possible to find useful occupations for all our 
graduates in these subjects. Of course, it has been 
difficult for the recent graduate to find a position during 
the last three years, but this situation is already on the 
mend, and we can confidently say that in the new 
economic era which is just beginning, we are still going 
to need chemists and chemical engineers quite as much 
if not more than we have during the period since the 
war. Chemistry today is interwoven as an indispensa- 
ble part of our business and industrial fabric. The 
automobile alone requires either directly or indirectly 
232 chemicals in its manufacture. In fact, anyone 
with even an elementary knowledge of chemistry 
knows that without this science, the modern automobile 
would not be possible. 

Moreover, we are going to rely on the chemist and 
chemical engineer even more than in the past for the 
dévelopment of new industries to increase the oppor- 
tunities for earning a livelihood or to compensate in 
part, at least, for those jobs which have been eliminated 
by the increased efficiency of machines or chemical 
processes. Chemists have done this in the past with 
rayon and synthetic resins, to mention only two of the 
more outstanding examples, and the varied exhibits at 
the Chemical Exposition indicate that they are still 
continuing in this work. 

In the new era, however, it may be advantageous to 
place the emphasis in the training of our chemists in a 
slightly different place. Hitherto, in the majority of 
instances there has been a stringent limitation of time. 
From now on, however, this time limitation may not be 
so important. Just as it appears that the workers in 
the future will be able to increase the proportion of their 
time devoted to non-labor pursuits, so it should be 
possible for those who are training themselves for tech- 
nical positions to increase the proportion of their lives 
which they devote to study and preparation. This in 
turn will make it possible to include in the cyrriculum 
many things for which there has not been time hitherto. 
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It follows, also, that when the chemist gets out into 
industry, he, too, will have more time really to live, and 
it therefore becomes more important than in the past 
that he should know how to live, that he should have an 
appreciation of the beautiful in literature, in art, and in 
music. I have long felt that an ideal scheme of training, 
for any engineering or technical work, would consist of 
three or four years of broad academic training, followed 
by four or three years of intensive graduate study and 
research in one’s chosen field. 

There has, of necessity, been a tendency in recent 
years to include in the chemical engineering curriculum 
little which did not have a direct bearing on one’s future 
work. Under the new scheme of things, however, it is 
to be hoped that the teacher, whether in school or in 
college, will have an opportunity to inculcate some of 
those intangible things which are not to be learned from 
the textbook. I have in mind, for example, imagina- 
tion. Necessity may be the mother of invention, but 
imagination is the father. You may say that imagina- 
tion cannot be taught, but surely it can be stimulated. 
Obviously this must be done within reason, and not 
carried to the extreme of enthusiasm displayed by the 
bald-headed optimist, who, after purchasing a bottle of 
hair-restorer in a drug store, stopped on his way out and 
remarked, ‘‘You better give me a comb and brush, 
also.” 

One of the best ways of obtaining a background on 
which to project a fruitful imagination is by visiting 
industrial plants. Even better—because so con- 
veniently concentrated—is the Chemical Exposition 
and the admirable courses of study which are given in 
connection with it. An hour spent in studying the 
“Children of Depression’ arranged by the American 
Chemical Society would give one an excellent idea of 
the practical results of properly applied imagination. 

Imagination can be of service in two ways. It can 
foresee a need and develop a way of filling it. Or 
when a specific problem is presented by an industrialist 
or forced upon the attention by some process difficulty, 
it can visualize possible ways of solving the problem. 

Next comes the task of formulating the problem and 
here, again, the student needs training, and training 
which he cannot get from the textbook. It must 
come from the teacher. The proper formulation of a 
problem requires clear thinking. Professor Bancroft 
has well emphasized the desirability of formulating 
every problem as a series of alternatives, one of which 
can be eliminated at each step. This again requires 
imagination. At the start it is desirable to have the 
alternatives as groups of possibilities—either this or 
that. As the work progresses, the alternatives are 
gradually reduced to finer limits until the determination 
of the last pair solves the problem. 

The successful chemist and chemical engineer of the 
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new era must not merely be able to solve problems 
presented to him, he must also be alert to recognize 
“situations” which need attention. For years we have 
used trees as a source of cellulose, but have calmly— 
almost without a thought, except when government 
inspectors objected—allowed the non-cellulosic portion 
to run to waste, in spite of the fact that this amounted 
to almost as much of the tree as was recovered for 
useful purposes. There have, to be sure, been empirical 
attempts from time to time, to find industrial uses for 
evaporated sulfite waste liquor, but it is only within the 
last year or two that there has been in this country any 
systematic, fundamental study of lignin and related 
substances. Incidentally, the work which the Forest 
Products Laboratory is doing along these lines is of 
great importance and should yield results of which 
industry no doubt will be glad to take advantage. 

Increased emphasis should also be placed on report 
writing. It is unfortunately true that very few recent 
graduates are able to write a report which means any- 
thing to a business man. As a scientific article it may 
be fine, but usually it does not tell the business man 
what he wants to know. It lacks the essentials of clear 
thinking, expressed in the minimum number of words, 
in good English. 

It probably goes without saying nowadays, that some 
time should be found in the curriculum for training in 
economics, presented in such a way that it becomes a 
working tool for the man when he gets into industry. 
He must not build a pulp mill and expect to run it with 
half of its water supply coming from city mains two 
miles away, just because at the moment the city has a 
certain surplus beyond its own requirements. Nor 
must he think that the cost of a product is determined 
by adding up the prices of the various raw materials as 
calculated from quotations in some current trade 
paper. 

Today—thanks to the lessons taught us by the World 
War and to the ability of American chemists and 
American chemical industry—our country is very 
nearly self-contained. To realize this, one has only to 
compare our present situation as regards nitrogen, 
potash, rayon, dyes, medicinals, synthetic camphor, and 
synthetic rubber, with what it was in 1914 when we 
were dependent upon Chili for our nitrates, on Germany 
for our potash, dyes, and medicinals: and on Japan for 
our camphor. It now devolves upon the chemist to 
keep our country self-contained. Those who have been 
following recent economic trends realize that there is a 
universal tendency for all countries to become more and 
more self-contained. This means, in general, increas- 
ingly diminishing opportunities for foreign trade. In 
keeping with this trend it is important that we keep in 
the vanguard of the technical procession. We are 
there now. We must stay there. 
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This paper describes the beginning of the Chandler 
Chemical Museum and tts development, the housing of the 
exhibits, their scope and spheres of usefulness, and the 
direction of growth of the Museum. 
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HE CHANDLER MUSEUM was started by 

Professor Charles F. Chandler in order, as he said, 

“to show my boys’ the things he talked about 

in his many lectures. He began to collect material for 

* Presented before the Division of Chemical Education of the 
A. C. §. at Chicago, September 12, 1933. 


+ Professor of Chemical Engineering, Columbia iaaiias 
ft Student Curator of the Museum. 


the Museum about 1865, and for half a century he 
bought rare and interesting exhibits of chemicals and of 
products of various chemical industries. Many times 
he bought the exhibit out of his own pocket and again 
a great amount of the material was donated by the 
chemical industries. The Museum was first located in 
the old buildings of the University on 49th Street but is 
now installed in the east end of Havemeyer Hall. 
Until his death in 1923, Professor Chandler took great 
delight in keeping up the Museum. In 1924, Professor 
S. A. Tucker was appointed Curator. He was suc- 
ceeded by Dr. Ellwood Hendrik in 1928. At present 
the curatorship is divided between two graduate 
students in the Department of Chemical Engineering. 
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One enters the 
Museum from the 
main floor of Have- 
meyer Hall and 
is immediately im- 
pressed by a large 
portrait of Dr. 
Chandler which 
hangs at the end 
of the main aisle. 
The material of 
the Museum is 
kept in large glass 
cases, twelve feet 
long, seven feet 
high, and three 
feet deep. Each 
case is made of 
oak frame, and 
constructed with 
three full-length 
doors on each side of the case. The wooden shelving 
is supported by iron brackets, which in turn are fastened 
to oak uprights. The entire construction is solid 
and very durable, and at the present time the cases are 
being made dust-tight. 

The floor plan of the Museum is shown in the accom- 
panying figure to give the reader an idea of its size and 


CHARLES F, CHANDLER 
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IN DEVELOPMENT OF THE MOTION PICTURE ART THE EARLY 
PosITIVES WERE ON GLASS 


This is an example of the art about 1876. 


of the location of the exhibits. Some of the material 
exhibited is as follows: a sample of nearly every in- 
organic salt, a collection of about four thousand two 
hundred organic chemicals, one thousand of which were 
first developed in the laboratories of Columbia Uni- 
versity; exhibits of animal, vegetable, and petroleum 
oils, and essential oils; explosives dating back to those 
used in the Civil War; tanning and fertilizer exhibits; 
a large assortment of resins, varnishes, and pigments; 
a comprehensive electrochemical exhibit; colloids; 
ceramics; a collection of the earliest photographs, in- 
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cluding a rare exhibit of early daguerreotypes; an 
excellent exhibit of the rare earths; early gas and elec- 
tric lamps; a complete set of pre-war German dyes; 
and last but not least a large collection of synthetic 
dyes, including the original mauve dye made by Sir 
W. H. Perkin. 

During the World War the dye exhibit was carefully 
gone over and duplicate samples were set aside. At 
that time the only synthetic dyes were those of German 
origin, and so the duplicate samples were sold to a large 
chemical organization for standards of comparison. 
Later, the use of the entire set of dyes was requested by 
the United States Government. The German dye 
patents had been confiscated and the samples of those 
dyes in the Chandler Museum were the only samples 
upon which to check the patent processes. However, 
after the close of the war they were returned and are 
now on exhibit. This illustration of the use of the 
Museum points out the great service that can be ren- 
dered to industry and to the government in time of 
war or emergency. 

While the direc- 
tion of develop- 
ment has tended 
toward the indus- 
trial aspect, the aca- 
demic side has not 
been neglected. 
There are numer- 
ous purely chemical 
exhibits on display. 
A very complete ex- 
hibit of the frac- 
tional crystalliza- 
tion of some of the 
rare earths occupies 
a prominent place 
in one of the cases, 
along with radioac- 
tive material and 
X-ray pictures 
made by that ma- 
terial. 

The organic ex- 
hibit is one of the 
chief attractions of 
the Museum. In 
the total collection 
of organic material 
there are about four 
thousand two hun- 
dred samples, all of 
which are classified and tabulated according to group- 
ings and derivatives. This wealth of material is used 
frequently by research workers. It has always been 
the policy of the Museum to give small quantities of 
any of the chemicals for purposes of standardization or 
comparison. This facility is used not only by the re- 
search workers of Columbia University but by many 
commercial research organizations. As an illustration 


PORCELAIN DECORATIVE PIECE 
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of this fact one of the large research organizations was 
seeking a dye that could be used to tint glass. The 
glass was to restrict certain wave bands of light in the 
green and yellow and to permit the remainder of the 
visible spectrum to pass freely. By simply going 
through the very 
extensive exhibit of 
ultramarine pig- 
ments with a pocket 
spectroscope a few 
were selected which 
upon further inves- 
tigation led to de- 
velopment of the 
desired pigment. 
This again demon- 
strates the value of 
such a chemical col- 
lection to the ad- 
vancement of mod- 
ern research. All 
of this is in addi- 
tion to the daily 
display of material 
in the classrooms 
for lecture and dem- 
onstration pur- 
poses. 

In the case de- 
voted to photog- 
raphy there is an 
important exhibit. 
One of the best 
collections of da- 
guerreotypes in this 
part of the country 
is housed here. The 
first portrait from life by photography was made on 
the roof of one of the buildings of Columbia Univer- 
sity in 1840 by Professor Draper. A collotype of this 
daguerreotype is now on exhibition. The collection 
contains many original daguerreotypes in different sizes 
and shapes and a few unexposed daguerreotype plates. 

There is also a collection of cameras and equipment 
dating from the middle of the nineteenth century. 
One of the prize possessions is a combination speed 
cameta which ‘‘snaps’’ six pictures in ten minutes, 
provided the subject is in bright sunlight. The 
cameras, plate holders, and other darkroom equipment 
come from all parts of the world. One of the out- 
standing pieces is the camera owned by Karl Klietsch, 
a pioneer photographer of Germany. ’ 

Other types of photographic processes represented 
are leicht paus, ambrotype, woodburytype, talbotype, 
collotype, ferrotype, and platinotype. 

Some of the single pieces in the Museum have in- 
teresting histories and just to mention a few serves to 
show the value of the collections. 

In the ceramic cases there are a few prize specimens, 
chief among them a glazed pitcher made by Boettcher 
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at Meissen in Saxony just before he discovered how to 
make hard porcelain about 1704; and a plaque of 
Wedgwood pottery entitled ‘‘Dancing Nymphs’’ that 
cannot be duplicated today, since present-day artisans 
have lost the art of producing such delicate and artistic 
workmanship. 


APPARATUS OWNED AND USED BY JOSEPH PRIESTLEY 


Our earliest piece is a platter made in Lexington, 
England, from imported China clay in 1700. Also 
on display are specimens of Crown Derby, Royal 
Worcester, Coalport, and Spode from England; a large 
collection of Bleek ware from Ireland; hard porcelain 
from the imperial works at Vienna; pieces from the 
Royal Bavarian Factory at Munich; Royal Berlin and 
Meissen ware from Germany; pieces from St. Peters- 
burg, Stockholm, Copenhagen, Limoges, and Sevres, 
and many samples of Chinese and Japanese porcelain. 

Another interesting specimen is a Roman lead water 
pipe of about 50 a.p. made by Gaius Poppaeus Hermes, 
freed slave of the Empress Poppae Sabina, wife of Nero. 

Original and personally used pieces of apparatus of 
Joseph Priestley, of about 1774, and of Louis Pasteur, 
while Dean of the Faculty of Sciences at the University 
of Lille, 1856 to 1858, are also on display. A miniature 
knife made of Faraday’s steel, a collection of meteorites 
and meteoritic iron, ancient glass of Cyprus, and a 
Jacobite toasting goblet of about 1700, are a few of the 
many interesting specimens that compose a part of the 
Chandler Chemical Museum collection. 

The material was gathered with the primary purpose 
of illustrating chemical lectures, but that objective was 
soon reached and the material now includes not only the 
finest classroom exhibits but also rare and costly 
objects that would be impossible to replace. For 
instance, there is a tea service formerly the property of 
one of the Czars of Russia. It is said that he ordered 
it coated with silver, and had given the silversmith the 
silver bullion which was to be melted and in which the 
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porcelain was to be dipped. However, the silversmith 
obtained platinum from the Ural Mountains which 
afforded a plentiful supply, coated the tea set with 
platinum, and pocketed the silver plus his fee. Another 
unique exhibit is the collection of experimental electric 
bulbs used by Edison in his early work at Menlo Park. 
One is impressed with the many and varied shapes of 
bulbs used in the experiments. 

Lately the work of the curators has been the rear- 
rangement of some of the exhibits to show their relation 
to other exhibits. This involved cleaning each of the 
samples and the renovation of the cases. The shelves 
and cases have been painted with a titanium paint to 


As JEwetry Has LATELY BEEN GOING THROUGH THE 
SYNTHETIC RESIN AND CHROMIUM PLATE FASHIONS, SO IN 
A Past GENERATION ALUMINUM JEWELRY WAS “THE 
THING” 


prevent discoloration by fumes from the many labora- 
tories in the building and from the ever-present vapors 
of the chemicals on display. The entire work has been 
directed toward making the Museum as attractive as 
possible to induce the students to consult the Museum 
as well as their textbooks for information. In fact, it 
seems less a Museum than a library of chemical ex- 
hibits where one can see the products as they really are. 
Many of the exhibits are planned to show stages of 
manufacture from raw material to finished product in 
such industries as glass, porcelain, rubber, petroleum, 
textiles, tanning, metals and alloys, and others too 
numerous to mention here. 

To be effective the Museum must keep abreast of the 
times and display new products of the large and im- 
portant chemical manufacturers. New specimens are 
constantly arriving and it is now a problem where to 
place them in the limited space available. The work 
of rearranging the Museum is going on quite rapidly, 
and it is hoped that it will become a more important 
source of information to students and to researchers in 
industry whom it has served so well in the past. 





COLLOIDS i BIOCHEMISTRY* 


An Appreciation of Thomas Graham 


ROSS AIKEN GORTNERT 


The University of Minnesota, St. Paul, Minnesota 


Thomas Graham (1805-1869) has been rightly called 
the father of colloid chemistry, but his works are so widely 
scattered through various periodicals and copies of his 
“Collected Works’ are so rare that apparently very few 
people have taken the vrouble to read all of the papers which 
he published in various scientific periodicals. A careful 
perusal of these papers reveals the fact that Graham’s 
interest in colloid chemistry grew out of his studies on 
diffusion, and that tn his forty-six published papers he had 
but a single objective, namely the elucidation of the phe- 


+~+ + 


HE CENTURY OF PROGRESS EXPOSITION 
is one of the factors which induced the chemists to 
hold the fall meeting of the American Chemical 

Society in Chicago. For chemical science it certainly 
has been a century of progress, for it was only a 
little over a hundred years ago (1828) that Wohler 
synthesized urea from ammonium cyanate and demon- 
strated for the first time that a vital force was not 
necessary for the formation of “organic’’ compounds. 

Organic chemistry had its beginnings in biochemistry, 
and the early organic chemists were intensely interested 
in the chemistry of the fats, carbohydrates, pigments, 
proteins, etc. In the majority of cases, however, the 
naturally occurring organic compounds proved to be too 
complex for the earlier organic technics, so that “‘pure”’ 
organic chemistry turned aside to study synthetic 
reactions and group behavior. Only recently have the 
leaders in organic chemistry returned to the original 
plan, and the acclaim which greets such names as 
Willstatter, Hans Fischer, Windaus, and Karrer attests 
the success which is being made in the structural chem- 
istry of compounds formed by living organisms. 

It is much less than a century ago that the great 
triumvirate of van’t Hoff (1882-1911), Ostwald (1853- 
1932), and Nernst (1864—) is credited with laying the 
foundations of modern physical chemistry. What a 
structure has been erected thereon! The progress of 
our present material civilization is in no small measure 
due to the developments in physical chemistry and its 
ally—applied physics. On every hand we meet with 
the comforts, conveniences and, we now believe, neces- 
sities that have grown from the applications of the 
knowledge gained in research in physical chemistry. 


* Presented at the ‘‘“Symposium on the Century of Progress 
in Colloid Chemistry” at the Chicago meeting of the American 
Chemical Society, Colloid Division, Tuesday, September 12, 
1933. 

} Professor of Agricultural Biochemistry. 


nomena underlying the process of diffusion. Apparently 
Graham spoke a language which was but little understood 
by his contemporaries, and for that reason many of his 
observations were either overlooked or ignored. In all of 
his published papers are many comments on the effect of 
this or that particular phenomenon on life processes, and 
this paper is designed to call attention to some of the out- 
standing statements and contributions which Graham 
made in the field of colloid chemistry as applied to living 
processes. 


++ + 


Contemporary with the fathers of organic chemistry 
(Wohler, 1800-1882; Liebig, 1803-1873) another 
chemist was blazing new trails. Thomas Graham was 
born December 21, 1805, and died September 16, 1869. 
His researches lay almost exclusively in the field of 
physical chemistry, although he had died before any of 
the physical chemistry triumvirate had begun to 
publish. If anyone can be truly said to be the father of 
physical chemistry, that credit should go to Thomas 
Graham. A perusal of his collected papers,' comprising 
46 titles in all, reveals a continuity in objectives, a 
persistence in following up details, a scientific imagina- 
tion far in advance of his time, an ability in apparatus 
technic, and an uncanny clearness of interpretation of 
experimental data, all of which leaves the reader more 
and more amazed at the things which he accomplished 
and the views which he expressed. It is no wonder that 
the name and works of Thomas Graham have not 
received the credit which they deserve. He lived and 
thought so far in advance of his time that full apprecia- 
tion could only come after the passage of many years, 
and even today this remarkable, man does not receive 
the credit which I believe is his due. 

Graham has been rightly called the “Father of 
Colloid Chemistry.’ His Bakerian lecture “On the 
Diffusion of Liquids,’’? delivered Dec. 20, 1849, and 
which required seventy-eight printed pages (a lecture 
which would probably be unduly long for our modern 
audiences) may be regarded as the beginning paper in 
colloid chemistry. However, it is only the summary, 
and the philosophical discussion, of his researches on 
diffusion which began with his first paper, at the age of 


1 “Chemical and physical researches of Thomas Graham.”’ 
Collected by R. ANGus SmiTH and printed for presentation only 
by Edinburgh University Press, 1876, lvi + 660 pp., 1 portrait. 

2 GraHAM, Tuomas, Phil. Trans., 1850, pp. 1-46, 805-36; 
tbid., 1851, pp. 483-94; [Ann., 77, 56-89, 129-60 (1851); Phil 
Mag., 37, 181-98, 254-81, 341-9 (1850) ]. 
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21, entitled ‘‘On the Absorption of Gases by Liquids,’’* 
which paper led rapidly into his studies of diffusion, 
first with gases in 18294 and later with liquids and fi- 
nally culminated with his paper® in 1861 entitled ‘‘Liquid 
Diffusion Applied to Analysis’’ which is essentially 
modern in its colloid terminology and colloid-chemical 
viewpoint. In almost every paper of Graham’s we 
find that he is investigating the phenomena of diffusion, 
and in following wholeheartedly this one objective in 
all of its ramifications he uncovered fact after fact so 
that when the proper time came his conception of the 
colloidal state of matter rested upon a firm experi- 
mental foundation. 

I am supposed to speak on ‘‘Colloids in Biochemis- 
try” but I believe the purpose of this symposium will 
be better served by the devotion of the major portion of 
my time to calling attention to some remarkable com- 
ments which Graham made regarding colloid chemis- 
try in general and especially the réle of colloids in living 
processes. 

In 1830, when Graham was only twenty-five years 
old, he published a paper in the Quarterly Journal of 
Science,® entitled ‘‘The Effects of Animal Charcoal on 
Solutions.”’ This paper is an outstanding contribution 
in the field of adsorption. He notes that bone black 
had already been used to decolorize sirups in the process 
of sugar manufacture, but that hitherto the only study 
which had been made of bone black was in connection 
with the removal of colored matters from solution. 
He therefore studied the action of animal charcoal, de- 
ashed by boiling with dilute hydrochloric acid until 
silica only remained in the ash, and followed by com- 
plete washing to the absence of acid reaction, on a 
number of solutions, mostly of the inorganic type. In 
this paper he shows that such charcoal removes the blue 
color from ammoniacal copper solutions and that the 
copper cannot be removed from the charcoal by subse- 
quent extraction with strong ammonia. He points out 
that silver is adsorbed from a solution of silver nitrate 
and that crystals of metallic silver appear on the surface 
of the charcoal; that iodine is removed from a solution 
of iodine and potassium iodide and that the carbon can 
be dried at a relatively high temperature without the 
appearance of iodine vapors. If, however, the iodine- 
charcoal mixture be heated strongly in a closed flask 
the iodine sublimes, but later, on cooling, the charcoal 
readsorbs the iodine vapors. He found that the char- 
coal adsorbs chlorine from a solution of the gas in 
water but that on the surface of the charcoal the chlo- 
rine is converted into hydrochloric acid. However, 
perhaps the most striking comment in this entire paper 
is his vision, in that early period of chemical science, as 
to the effect of adsorption on procedures in analytical 
chemistry. He states: 


The same property is possessed by other solid bodies, in a state 
of minute division, as when newly precipitated, although not in 


3 GRAHAM, THOMAS, Annals of tes 12, 69-74 (1826). 
4 GRAHAM, THOMAS, Quart. J. Sci., 2 4-83 (1 829). 

5 GRAHAM, Tuomas, Phil. Trans., 1861, pp. 183-224. 

6 GRAHAM, THOMAS, Quart. J. Sci., 1, 120-5 (1830). 
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so great a degree. And, in analytic researches, its interference 
must be guarded against, as it may contribute, in some cases, to 
increase the weight of precipitates. 


Certainly no modern text in the field of analytical 
chemistry can state the facts more succinctly than this, 
and in many texts describing analytical procedure the 
possibility of adsorption is still wholly ignored. 

Graham’s 1861 paper’ shows that he had a clear-cut 
appreciation of the differences which exist between the 
colloidal and the crystalloidal states of matter, and 
interwoven with his comments on his experimental data 
we find him philosophizing on the probable effects of 
such phenomena in living process. Thus he states: 


I may be allowed to advert again to the radical distinction 
assumed in this paper to exist between colloids and crystalloids 
in their intimate molecular constitution. Every physical and 
chemical property is characteristically modified in each class. 
They appear like different worlds of matter, and give occasion to 
a corresponding division of chemical science. The distinction 
between these kinds of matter is that subsisting between the 
material of a mineral and the material of an organized mass... . 
The phenomena of the solution of a salt or crystalloid probably 
all appear in the solution of a colloid, but greatly reduced in de- 
gree. The process becomes slow; time, indeed, appearing essen- 
tial to all colloidal changes. . . . It may be questioned whether a 
colloid, when tasted, ever reaches the sentient extremities of the 
nerves of the palate, as the latter are probably protected by a 
colloidal membrane, impermeable to soluble substances of the 
same physical constitution. 


And in commenting on the fact that the colloids appear 
to possess high molecular weights: 


The inquiry suggests itself whether the colloid molecule may not 
be constituted by the grouping together of a number of smaller 
crystalloid molecules, and whether the bases of colloidality may 
not really be this composite character of the molecule. 


In these quotations we see his primary interest in the 
phenomena of diffusion and his keenness in suggesting 
what appears to be certainly the reason that colloid sols 
and gels are essentially tasteless. The fact that strych- 
nine and quinine adsorbed on hydrous aluminum 
silicates are tasteless is a relatively recent’ (1913) 
observation. These quotations have been almost 
universally interpreted to mean that Graham believed 
that there was a sharp discontinuity between colloids 
and crystalloids—that these represented different kinds 
of matter. Such, however, was not Graham’s view. 
He recognized that one and the same substance may, 
under different sets of conditions, be either colloidal or 
crystalloidal. Thus he says (1861): 


A departure from its normal condition appears to be presented 
by a colloid holding so high a place in its class as albumen. In 
the so-called blood-crystals of Funke, a soft and gelatinous 
albuminoid body is seen to assume a crystalline contour. Can 
any facts more strikingly illustrate the maxim that in nature 
there are no abrupt transitions, and that distinctions of class are 
never absolute? 


As early as 1854 Graham® observed that animal 
membranes, gelatin, etc., remove water from strong 
™Lioyp, J. U., “Concerning the alkaloidal oy hydrous 


aluminum silicate,” Circular, Cleveland, Ohio (Oct. 1, 1913). 
8 GRAHAM, THOMAS, Brit. Assoc. Rept., Part 2, p. 69 (1854). 
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alcohol and concentrate the alcohol. He states: 
“There can be no doubt, therefore, that gelatin per se 
separates water from alcohol.’’ His interest in diffu- 
sion phenomena then comes to the fore, and he points 
out that exposure of dilute alcohol in a bladder to the 
atmosphere causes the water to pass through the mem- 
brane and evaporate from the surface of the bladder, 
its place being constantly supplied with fresh water 
from the dilute alcohol within, thus concentrating the 
alcohol within the bladder. He explains this as being 
due to the fact that water will wet the animal mem- 
brane, whereas alcohol is much less efficient in wetting 
this substance. 

This interest in diffusion and the application of 
diffusion phenomena to physiological processes runs 
through many of his papers. Thus in 1850 he? says: 


Chloride of sodium appears 20 times more diffusible than 
albumin. . . . The experiment appears: to promise a delicate 
method of proximate analysis peculiarly adapted for animal fluids. 
The value of this low diffusibility in retaining the serous fluids 
within the blood-vessels at once suggests itself. 


In the same paper he suggests that diffusion may well 
be a factor in plant nutrition. 


The mode in which the soil of the earth is moistened by rain is 
peculiarly favourable to separations by diffusion. The soluble 
salts of the soil may be supposed to be carried down together, to 
a certain depth, by the first portion of rain which falls, while 
they find afterwards an atmosphere of nearly pure water, in the 
moisture which falls last and occupies the surface stratum of the 
soil. Diffusion of the salts upwards into this water, with its 
separations and decompositions, must necessarily ensue. The 
salts of potash and ammonia, which are most required for vege- 
tation, possess the highest diffusibility, and will rise first. The 
preéminent diffusibility of the alkaline hydrates may also be 
called into action in the soil by hydrate of lime, particularly as 
quicklime is applied for a top-dressing to grass lands. 


And in 1861 in speaking of the coefficient of diffusion 
he states: 


It is easy to see that such a constant must enter into all the 
chronic phenomena of physiology, and that it holds a place in 
vital science not unlike the time of the falling of heavy bodies in 
the physics of gravitation. 


Graham’s studies in diffusion led to his speculating 
on the nature of osmosis and the mechanism whereby 
water moves across an osmotic membrane. Several 
years ago when I wrote a text on biochemistry I thought 
I was formulating a more or less novel illustration of 
the mechanism of this water flow by suggesting hydra- 
tion and dehydration of the opposite sides of the mem- 
brane with a consequent unbalanced hydration equi- 
librium within the membrane.’ However, Graham in 
1861 had stated the hypothesis even more clearly than 
I. He says: 


It now appears to me that the water movement in osmose is 
an affair of hydration and of dehydration in the substance of the 
membrane or other colloid septum, and that the diffusion of the 
saline solution placed within the osmometer has little or nothing 
to do with the osmotic result, otherwise than ag it affects the 


® GorTNER, R. A., ‘“‘Outlines of biochemistry,” John Wiley & 
Sons, Inc., New York City, 1929; cf. p. 246. 
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This portrait was used as the frontispiece to Graham’s 
selected works (Ref. 1) published by the University of 
Edinburgh as presentation copies. Another portrait 
showing Graham as a younger man appeared on page 
2815 of the December, 1930 JouRNAL. 


state of hydration of the septum. . . . The degree of hydration of 
any gelatinous body is much affected by the liquid medium in 
which it is placed. . . . Hence the equilibrium of hydration is dif- 
ferent on the two sides of the membrane of an osmometer. The 
outer surface of the membrane being in contact with pure water 
tends to hydrate itself in a higher degree than the inner surface 
does, the latter surface being supposed to be in contact with a 
saline solution. When the full hydration of the outer surface 
extends through the thickness of the membrane and reaches the 
inner surface, it there receives a check. The degree of hydration 
is lowered, and water must be given up by the inner layer of the 
membrane, and it forms the osmose. . . . The inner surface of 
the membrane of the osmometer contracts by contact with the 
saline solution, while the outer surface dilates by contact with 
pure water. Far from promoting the separation of water, the 
diffusion of salt through the substance of the membrane appears 
to impede osmose, by equalizing the condition as to saline matter 
of the membrane through its whole thickness. ' 


And in the same paper: 


The substances fibrin, albumen, and animal membrane swell 
greatly when immersed in water containing minute proportions 
of acid or of alkali, as is well known. On the other hand, when 
the proportion of acid or alkali is carried beyond a point peculiar 
to each substance, contraction of the colloid takes place. Such 
colloids as have been named acquire the power of combining with 
an increased proportion of water, and of forming superior gelati- 
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nous hydrates, in consequence of contact with dilute acid and 
alkaline reagents. . .. When so hydrated and dilated, the colloids 
present an extreme osmotic sensibility. Used as septa, they ap- 
pear to assume or resign their water of gelatination under in- 
fluences apparently the most feeble. It is not attempted to ex- 
plain this varying hydration of colloids with the osmotic effects 
thence arising. Such phenomena belong to colloidal chemistry, 
where the prevailing changes in composition appear to be of the 
kind vaguely described as catalytic. To the future investiga- 
tion of catalytic affinity, therefore, must we look for the further 
elucidation of osmose. 


Graham of course knew nothing of the Donnan 
equilibrium. Thermodynamics was far in the future; 
nevertheless from his studies of diffusion and colloid 
behavior he predicted fairly exactly the mechanism for 
. the secretion of hydrochloric acid by the gastric mucosa. 
In his 1861 paper he wrote: 


The secretion of free hydrochloric acid during digestion—at 
times most abundant—appears to depend upon processes of 
which no distinct conception has been formed. But certain 
colloidal decompositions are equally inexplicable upon ordinary 
chemical views. To facilitate the separation of hydrochloric 
acid from the perchloride of iron, for instance, that salt is first 
rendered basic by the addition of peroxide of iron. The com- 
paratively stable perchloride of iron is transformed, by such treat- 
ment, into a feebly-constituted colloidal hydrochlorate. The 
latter compound breaks up under the purely physical agency 
of diffusion, and divides on the dialyser into colloidal peroxide of 
iron and free hydrochloric acid. The super-induction of the 
colloidal condition may possibly form a stage in many analogous 
organic decompositions. 


In 1864 Graham introduced the now universally used 
terms of “‘sol,’”’ ‘“‘gel,’’ and “‘peptization’”’ and in each 
instance commented on analogies to physiological 
processes. Thus, in a paper dealing with the properties 
of silicic acid he says:!° 

If I may be allowed to distinguish the liquid and gelatinous 

hydrates of silicic acid by the irregularly formed terms of hydrosol 
and hydrogel of silicic acid, the two corresponding alcoholic bodies 
now introduced may be named the alcosol and alcogel of silicic 
acid. 
Graham then continues to investigate the behavior of 
silica gel in replacing the liquid with other liquids such 
as alcohol, ether, benzene, carbon bisulfide, glycerol, 
concentrated sulfuric acid (in which case the gel is 
successively placed in stronger and stronger acid until 
concentrated acid is reached), and he points out that in 
each case no permanent compound is formed but that 
we are still dealing with jellies of silicic acid. He 
further points out that sulfuric acid can be exchanged 
for nitric, acetic, formic acids, etc. He then makes the 
following general comment: 


The production of the compounds of silicic acid now described 
indicates the possession of a wider range of affinity by a colloid 
than could well be anticipated. The organic colloids are no 
doubt invested with similar wide powers of combination, which 
may become of interest to the physiologist. The capacity of a 
mass of gelatinous silicic acid to assume alcohol, or even olein, in 
the place of water of combination, without disintegration or 
alteration of form, may perhaps afford a clew to the penetration 
of the albuminous matter of membrane by fatty and other insol- 
uble bodies, which seems to occur in the digestion of food. Still 
more remarkable and suggestive are the fluid compounds of silicic 


10 GRAHAM, THomas, J. Chem. Soc., 17, 318 (1864). 
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acid. The fluid alcohol-compound favours the possibility of the 
existence of a compound of the colloid albumin with olein, soluble 
also and capable of circulating with the blood. The feebleness of 
the force which holds together two substances belonging to dif- 
ferent physical classes, one being a colloid and the other a crystal- 
loid, is a subject deserving notice. When such a compound is 
placed in a fluid, the superior diffusive energy of the crystalloid 
may cause its separation from the colloid. Thus, of hydrated 
silicic acid, the combined water (a crystalloid) leaves the acid 
(a colloid) to diffuse into alcohol; and if the alcohol be repeatedly 
changed, the entire water is thus removed, alcohol (another 
crystalloid) at the same time taking the place of water in combi- 
nation with the silicic acid. . . . The process is reversed if an alco- 
gel be placed in a considerable volume of water. 


And in the same paper, in speaking of the formation of 
sols of silicic acid, Graham states: 


The solution of these colloids, in such circumstances, may be 
looked upon as analogous to the solution of insoluble organic 
colloids witnessed in animal digestion. . . . Liquid silicic acid may 
be represented as the ‘‘peptone”’ of gelatinous silicic acid; and 
the liquefaction of the latter, by a trace of alkali, may be spoken 
of as the peptization of the jelly. The pure jellies of alumina, 
peroxide of iron, and titanic acid, prepared by dialysis, are as- 
similated more closely to albumin, being peptized by minute 
quantities of hydrochloric acid. 


I was supposed to speak on ‘Colloids in Biochemis- 
try.’’ I have chosen to quote at length from the’ works 
of Thomas Graham. For fifty years after Graham’s 
death the phenomena of colloid chemistry were largely 
neglected as a separate field of study. In 1893, the 
year of the old Columbian Exposition, only two papers 
dealing with the properties of matter in the colloidal 
state appeared in the world’s literature. One of these"! 
dealt with colloidal gels of lead tartrate, barium sulfate, 
and lead sulfate, the other’? with the behavior of 
colloidal sols at the critical temperatures of the dis- 
persion media. 

Even ten years later in 1903 only 23 papers or patents 
dealing with colloids appear in the entire world chemical 
literature. Of these 23 titles, eight are either directly 
or indirectly associated with biochemical study. The 
names of W. B. Hardy, Jean Perrin, Wo. Pauli, G. 
Bredig, and Herbert Freundlich which appear this year 
bespeak the advent of a new era in the study of colloids. 

Pauli!* was initiating his studies of the interaction of 
proteins and electrolytes. Hardy'* showed that the 
electric charge on blood globulin was reversed in passing 
from an acid to an alkaline solution and that ‘radium 
rays’ (a particles ?) caused a coagulation of the electro- 
negative sol and an increased fluidity with less opales- 
cence in electropositive sols. Zacharias!® contended 
that textile fibers were colloids and regarded the dyeing 
process as an adsorption reaction. Ina patent applica- 
tion he uses colloidal tin oxide in the tanning of hides. 
Bock!* suggests that since HCN destroys the ability of 
colloidal platinum to decompose hydrogen peroxide, 
perhaps enzyme reactions may be analogous to the 


1 Scuirr, H., Chem.-Zig., 17, 1000 (1893). 

12 SCHNEIDER, E. A., Z. anorg. Chem., 3, 78 (1893). 

18 Pautt, Wo., Beitr. chem. Physiol. Path., 3, 225 (1903). 

14 Harpy, W. B., Proc. Cambridge Phil. Soc., [3], 12, 201 (1903). 
16 ZacHaRIAS, P. D., Z. Farb. Text. Chem., 2, 233 (1903). 

16 Bock, F., Oster. Chem.-Zig., 6, 49 (1903). 
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catalytic activity of colloidal metals. Garrett!’ in- 
vestigated the viscosity of some colloidal solutions 
including gelatin, albumin, and SiO, using both outflow 
and pendulum types of viscometers with temperature 
and concentration as variables. He suggests that sols 
such as these consist of two phases, one colloid-rich, 
the other colloid-poor, and finds that at a given con- 
centration temperature control alone is not sufficient to 
give reproducible viscometric values. 

Perrin’s'* paper is one dealing with the theory of 
colloidal sols in which he discusses electric charge, 
particle size, surface tension, cohesion and coagulation. 
Bredig!® discusses electrophoresis, Muller”® the classifi- 
cation of colloids, and Freundlich”! the flocculation of 
sols by electrolytes. 

Only one paper,”? and that dealing with a gold sol, 
is of American origin. 

In my undergraduate and graduate lectures in 
chemistry (1902-1909) I do not remember ever hearing 
the word “‘colloid’’ mentioned. Certainly it was never 
stressed as an important field of study. Today the 
behavior of colloid systems is taught in most under- 
graduate curricula. A knowledge of colloid chemistry 
is essential to an adequate understanding of the prin- 
ciples of physiology and biochemistry. 

Today the chemical literature of the world is replete 
with papers dealing with the behavior of colloid sys- 
tems. Medicine, industry, and the arts have profited 
greatly by advances in this field. Many of the technics 

17 GarreETT, H., Phil. Mag., [6], 6, 374 (1903). 

18 PERRIN, J., Compt. rend., 137, 564 (1903). 

19 Brepic, G., Z. Electrachem., 9, 738 (1903). 

20 MULLER, A., Z. anorg. Chem., 36, 340 (1903). 


21 FREUNDLICH, H., Z. physik. Chem., 44, 129 (1903). 
22 BLAKE, J. C., Am. J. Sci., [4], 16, 381 (1903). 
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of the other branches of chemistry and physics have 
been adopted by the colloid chemist to advance knowl- 
edge in his chosen field. The Nobel prize has been 
awarded to four men, Jean Perrin (1925-26), The 
Svedberg (1925-26), Richard Zsigmondy (1925-26), and 
our own Irving Langmuir (1932), who have made 
notable contributions to the theory and practice of 
colloid chemistry. No. longer does a scientist pri- 
marily interested in the study of the phenomena of 
colloidal systems have to defend himself from the ridi- 
cule of his fellow chemists. We have acquired a 
modicum of respectability. More and more the bio- 
chemist and the physiologist are coming to realize that 
all reactions of living organisms take place in matter in 
the colloidal state and that if the intimate problems of 
life are ever to be solved the solution can only come 
about through the aid of those who are versed in the 
intricacies of colloid behavior. 

Graham recognized this as early as 1861 and perhaps 
it is fitting to close this paper with another quotation 
from that master. In speaking of the properties of 
colloids as opposed to crystalloids Graham says: 


Their peculiar physical aggregation with the chemical indiffer- 
ence referred to appears to be required in substances that can 
intervene in the organic processes of life. The plastic elements 
of the animal body are found in this class. As gelatin appears to 
be its type, it is proposed to designate substances of the class as 
colloids, and to speak of their peculiar form of aggregation as the 
colloidal condition of matter. Opposed to the colloidal is the 
crystalline condition. Substances affecting the latter form will 
be classed as crystalloids. The discussion is no doubt one of 
intimate molecular constitution. . . . The colloidal is, in fact, a 
dynamical state of matter; the crystalloidal being the statical 
condition. The colloid possesses ENERGIA. It may be looked 
upon as the probable primary source of the force appearing in 
the phenomena of vitality. 





SIMPLE EQUATION FOR CONVERTING VOLUMES TO STANDARD CONDITIONS 
HOMER E. STAVELY 


Iowa State College, Ames, Iowa 


SIMPLE calculation shows that, at any tempera- 
ture, the volume of one cc. of gas at standard 
conditions will decrease by an amount equal to 

(1/760)(273/T) for each mm. decrease in pressure. 
Calculation of this difference for ordinary laboratory 
temperatures is as follows: 


Difference 
0.001233 
0.001229 
0.001225 
0.001221 
0.001217 
0.001213 
0.001209 
0.001206 


Temperature °C 


No such simple relation exists for the change in 
volume per degree at a given pressure: this difference 
changes with temperature, and will be equal to (p/760) 
(273) [1/T7(T + 1)]. The maximum variation for this 
difference for ordinary laboratory conditions is shown in 
the following table. 


>’ = 728 mm. p = 740 mm. 
0.00315 0.00321 
0.00296 0.00304 





18°C. 

25°C. 

Taking the change in volume per mm. pressure as 

0.0012, and the change per degree as 0.003, the empiri- 
cal equation may be derived: 


Vo = 0.9192 — 10-%[1.2(760 — p) — 3(24 — 4)], 


where Vo is the volume of one cc. of gas at standard 
conditions measured at mm. pressure and ‘°C. The 
constant 0.9192 is obtained by calculating the volume 
at 24°C. and 760 mm. 

This equation will give accurate results within 0.0002 
cc. in the range 18° to 25° and 728 mm. to 755 mm. 
Its value lies in the fact that it can often be solved 
mentally, or at least with very little arithmetical labor. 

For different ranges of temperature and pressure, 
other constants may be calculated, and a similar 
equation set up which will give accurate results within a 
limited range. 





DID PRIESTLEY RESIGN 
HIS FELLOWSHIP of the 


ROYAL SOCIETY? 


RONALD A. MARTINEAU DIXON OF THEARNE* 


Thearne Hall, near Beverley, England 


CHEMICAL EpucaTION, dated February, 1927, Dr. 

Tenney L. Davis, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, in his paper 
headed, ‘‘Priestley’s Last Defense of Phlogiston,” sets 
out the full titles of four American-published pamphlets 
by Priestley on “‘The Doctrine of Phlogiston” etc., 
dated 1796, 1797, 1800, and 1803 (the last being really 
issued in 1804 after the death of Priestley). Single 
copies of these pamphlets are stated by Dr. Davis to 
be held respectively by the Boston Public Library, the 
Harvard College Library, the Library of Congress, and 
the Library of the University of Pennsylvania. The 
pamphlets clearly state their author is “Joseph Priest- 
ley, LL.D., F.R.S. &c.&c.,’’ except that possibly the 
1803 pamphlet leaves out the last ‘‘&c.’’ 

Dr. Davis adds a note at the foot of the second page 
of his article: 

It is noteworthy that Priestley uses the letters F.R.S. after 
his name on the title pages of these pamphlets. The report 
that he resigned his membership in the Royal Society before he 
left England is, therefore, probably false. 


It is the object of this article to turn ‘‘probably”’ into 
certainly. 

Priestley relates: 

I found, however, my society much restricted with respect to 
my philosophical acquaintance; most of the members of the 
Royal Society shunning me on account of my religious or politi- 
cal opinions, so that I at length withdrew myself from them, 
and gave my reasons for so doing in the preface of my ‘“Observa- 
tions and Experiments on the Generation of Air from Water,” 
which I published at Hackney (2). 

Priestley’s “‘withdrawal’’ from the Royal Society 
would seemingly be about the years 1792-94. 

What does the term mean? 

Mr. G. C. Heseltine, in his recent book, acts as 
Priestley’s interpreter. He says: 

The Fellows of the Royal Society behaved so shabbily that he 
resigned his Fellowship (2). 

Miss Anne Holt, on the evidence of Rutt, merely 
writes: 

Even some of the Fellows of the Royal Society turned their 
backs on him (3). 

Sir Philip Hartog, giving his reference as Priestley’s 
“‘Memoirs,”’ says: 

He found that his colleagues of the Royal Society shunned him 
because of his religious and political opinions, and he was al- 
ready deeply hurt because they had rejected on political grounds 
his friend Cooper, whom he had proposed (4). 


ie THE Priestley Number of the JOURNAL OF 


* F.R.S. (Edin.), F.G.S., F.S.A. (Scot.), F.R.G.S. 


The late Sir T. E. Thorpe, F.R.S., has almost copied 
Priestley’s own words from his ‘‘Memoirs’’ for he only 
tells us: 

His position in the Society became eventually so irksome that 
he withdrew from it, as he explains in the preface to his “‘Ob- 
servations and Experiments on the Generation of Air from 
Water,” which he published in pamphlet form at Hackney, with 
a dedication to the members of the Lunar Society. 
Immediately following this, Thorpe quotes Priestley 
as writing in a letter to Withering, from Clapton: 

October 2, 1792: ... My philosophical friends here are cold 
and distant. Mr. Cavendish never expressed the least concern 
on account of anything I had suffered, though I joined a party 
with which he was, and talked with them some time. I do 
not expect to have much intercourse with any of them. 

In the same letter Priestley assured Withering: 

One of the things that I regret the most in being expelled from 
Birmingham is the loss of your company and that of the rest of 
the Lunar Society. I feel I want the spur to constant exertion 
which I had with you (5). 

Sir Oliver Lodge, F.R.S., once Principal of the 
University of Birmingham, does not provide us with 
any new matter when he, too, simply writes: 

Many of his associates in the Royal Society shunned him (6). 

Dr. Lyman C. Newell, of Boston University, U.S. A., 
states: 

. . certain members of the Royal Society, once his friends, 
now shunned him... . (6a). 

Mr. D. H. Peacock joins the chorus by also repeating : 

He was shunned by his old associates of the Royal Society 
(7). 

Professor Huxley, F.R.S., says: 

But even his scientific colleagues gave him a cold shoulder. . . 
(8). 

The Rev. George Dawson of Birmingham proposing 
the toast of ‘“‘The Learned Societies,’ at the luncheon 
held at Birmingham after the unveiling of the Priestley 
statue on August 1, 1874, the centenary of Priestley’s 
discovery of oxygen, said: 

. .. The Royal Society once turned the cold shoulder on 
Priestley when he most needed its aid; but the society was 
differently constituted now, and if Priestley came back again, he 
[Mr. Dawson] believed they [sic] would not do as they [sic] did 
before. (Cheers). He hoped that the society would continue to 
do good: and that above all things it would not allow that most 
beggarly and most degrading of all prejudices, the odium theo- 
logicum, to have anything to do with its councils. (Cheers) (9). 

Dr. Olding, in responding (Professor Huxley, F.R.S., 
being also present), said: 


... The Royal Society ... was the means of making known the 
great intellectual power of Priestley, and that his reputation be- 
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came as wide as the world. With regard to the circumstance 
alluded to by Mr. Dawson, that at the time of his troubles the 
Royal Society turned a cold shoulder to him, it was to be re- 
gretted that the views held by the men of Birmingham, but now 
repudiated, were shared in by a considerable number of the 
members of the Royal Society; but it was in their capacity as 
fellows of the society, as co-workers with Dr. Priestley, that 
they appreciated his labours so highly. . . (10). 


Fraser’s Magazine with reference to the same oc- 
casion and the same point, in a very long article, says of 
Priestley, in connection with the Birmingham riots: 


His scientific acquaintance of the Royal Society gave him the 
cold shoulder (11). 

The Daily News of the same period, on the occasion 
of the unveiling of the Birmingham statue, reviewing 
Priestley’s career prints: 

Unfortunately for himself, he was one of the men whom the 
French Republic, in the early days of its enthusiasm for universal 
brotherhood, had singled out, as it did Schiller, for the honour of a 
conferred citizenship. This fact told severely against Priestley, 
not merely in England but even in America, whither he emigrated, 
and where a sort of reaction against any sympathy with France 
had by that time set in among the more constitutional and less 
democratic of the politicians and the people. In England it 
operated against him, as has been well said, like ‘‘a sort of pro- 
scription,” and it virtually compelled him to withdraw from his 
position as a member of the Royal Society (12). 

Priestley in a letter to Dr. Withering, dated Clapton, 
Oct. 22, 1793, writes: 

. .. As to the Royal Society, I see myself regarded in so un- 
favorable a light by the more considerable members of it that I 
never go near them. Andrews [?] whom I think you saw at 
Birmingham, was rejected because he was understood to be a 
democrat in politics. John Hunter quietly canvassed against 
him, and gave Dr. Crawford that and no other reason for it (13). 

Priestley, in an earlier letter to Dr. Withering, dated 
Clapton, April 15, 1793, writes: 

... I cannot get so much time to myself as I wish, and I have 
little intercourse with the members of the Royal Society. On 
both these accounts I do less in my laboratory than I wish to do. 
The Lunar Society was an unspeakable advantage to me, and I 
am unable to replace it here . . . (14). 

Priestley, in another letter to Dr. Withering, dated 
London, Nov. 5, 1791, appears to be having a sly dig 
at his one-time friends of the Royal Society when he 
writes: 

. .. as long as I live I shall look back with pleasure and regret 
to our Lunar meetings, which I always enjoyed so much and 
from which I derived so much solid advantage. If I could find 
the same intelligence in any club of Philosophers here, I could 
not find the same frankness, which is the charm of all society... 
(15). 

Priestley, writing to Watt, on November 2, 1791, 
makes a similar-reference as follows: 

... you and all my friends of the Lunar Society. Such an- 
other I can never expect to see. Indeed, London cannot furnish 
it. I shall always think of you at the usual times of your meeting 
(16). 

From Northumberland County, U. S. A., Priestley 
writes again to Dr. Withering on Oct. 27, 1795: 

. .. More than ever do I regret the loss of the Lunar Society, 
where I spent so many happy hours, and for which I found no 
substitute even in London. . . (17). 4 

For our purpose the following two letters addressed, 
by Priestley, to Sir Joseph Banks, Bart., K.C.B., 
President of the Royal Society, have much interest: 
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72 St. Pauls, 25 April, 1790. 


Dear Sir: As I wish always to act with openness, and to 
avow the motives of my conduct, I cannot forbear to express 
my great dissatisfaction at the conduct of the Royal Society in 
the rejection of Mr. Cooper, recommended by myself and four 
other members, all men of science, and of respectable character. 
There is not, I believe, another example of a certificate so signed, 
and so slighted; the votes, as I hear, being twenty-four against 
him, and twenty for him. 

My mortification is the greater, because it was in consequence of 
my proposal that Mr. Cooper became a candidate; and as J was 
known to interest myself in the business, by writing in his favour 
to both the secretaries, and to my other friends in the Society, 
I consider the proceeding as including in it an intended affront to 
myself. 

Mr. Cooper, who was introduced to yourself, and whose merit, 
independent of his certificate, was attested by persons who have 
long known him, is a man equally distinguished for his knowledge, 
ability, and activity, and of all the petsons that I know, I think 
him the most likely to do honour to any society of which he shall 
become a member. 

I consider this business as the effort of party spirit, political 
or religious, highly unworthy of the Society, injurious to the in- 
terests of philosophy, and arising from principles which would 
equally lead to my own exclusion from the Society. But as I 
conceive it to be a matter in which you, Sir, had no concern, it 
does not, I assure you, diminish my respect for yourself, thinking, 
as I have always professed to do, that the Society is honoured by 
your being its President. 

Iam, Dear Sir, 

Yours sincerely, 
J. PRIESTLEY. 


To Sir Joseph Banks, Bart., Soho Square (18). 
++ oe oo + 


72 St. Pauls, 27 April, 1790. 


Dear Sir: I am far from having any design of bringing the 
rejection of Mr. Cooper by the Royal Society “‘before the Public,” 
or even of drawing you into a correspondence on the subject. 
I do not desire any answer to this letter. But for my own vindi- 
cation with respect to the former, I would observe that I have 
known Mr. Cooper eight or nine years; Mr. Kirwan and some 
others, who signed his certificate, have known him, I believe, 
longer, and we all consider him in the same light, as also do many 
others in and out of the Society. It is acknowledged that other 
persons may have known him longer and better. But then 
civility, I think, required that some of us should have been in- 
formed of their objections to him before the day of balloting, 
that they might either have been removed, or the certificate 
withdrawn; since the rejection of a candidate is an unpleasant 
thing, both to the person recommended and the persons recom- 
mending him. 

Dr. Crawford tells me that he had some conversation with 
yourself on the subject of Mr. Cooper not long before the ballot- 
ing, and he entertained no suspicion of any difficulty in the way of 
his election. Had the objections occurred on the very day of 
balloting, the Society, I doubt not, would have deferred the 
ballot till proper enquiry could have been made concerning 
them. 

But none of us having had the least intimation given us of 
any objection to Mr. Cooper, and having the highest opinion 
of his merit as a philosopher, naturally (tho’ perhaps not justly) 
concluded that the objection to him rose from some other source, 
and therefore, whatever it was, it was unworthy of philosophers. 

You say that “no token of Mr. Cooper’s scientific merit has 
hitherto been brought forward to the Society.” But is this the 
case of more than perhaps one in ten of the members, especially 
of gentlemen of fortune, and liberal education, like Mr. Cooper? 
He has, however, in his volume of Essays given proof of the 
greatest mental ability, and of his knowledge of chemistry, and 
how few are there in the Society whose merit of any kind, es- 
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pecially previous to their election, is known to the Society, or to 


the Public? 
I am with great respect, Dear Sir, 
Yours sincerely, 
J. PRIESTLEY 


Sir Joseph Banks, Bart., Soho Square (19). 


Dr. Henry Carrington Bolton comments: 


In consequence of the rejection of Mr. Cooper by the Royal 
Society, Dr. Priestley ceased sending his philosophical papers to 
that Institution. The disturbances in Birmingham intensified 
the growing distrust of the members of the Society, and their 
rejection of another candidate ‘“‘merely on account of his supposed 
political principles,’’ as Priestley claims, decided him ‘‘not to 
trouble the Society” with his scientific papers. Accordingly, 
he issued his ‘‘Experiments in the Generation of Air from Water’”’ 
in pamphlet form, preceded by a dedication to the Members of the 
Lunar Society, and dated Clapton, Nov. 16, 1793 (20). 

Dr. Bolton considers Priestley’s two letters to the 
President of the Royal Society as “‘rather sharp letters,” 
but adds that Dr. Priestley took “it much to heart that 
Mr. Cooper was rejected by the Royal Society” (21). 
For us to judge for ourselves what manner of man Mr. 
Cooper was we quote further from Dr. Bolton: 

Thomas Cooper, born October 22, 1759, died in South Carolina, 
May 11th, 1840, was an eminent natural philosopher, and later 
a politician. He sympathized with the liberal party in England, 
and after the outbreak in Birmingham in 1791 emigrated to the 
United States. There he filled successively the chair of chemis- 
try at Dickinson College, Carlisle; the chair of mineralogy and 
chemistry at the University of Pennsylvania; and the chair of 
chemistry in the College at Columbia, S. C. Of the latter in- 
stitution he became president in 1820. In 1834 he represented 
the people in the State Legislature. Though not eminent as a 
man of science, he was possessed of an active and comprehensive 
intellect (21). 

Thomas Cooper lived with Priestley for some time 
in the Northumberland, U. S. A., house. He was one 
of the witnesses to Priestley’s will, his name appearing 
in two places thereon (22). Dr. Edgar Fahs Smith 
writes of 

. the trust reposed by Priestley in his more turbulent 
countryman [Cooper] and the steadfast and sympathetic in- 
timacy that was continued to the closing scenes of Priestley’s 
life. All this is indicated, too, by the many Cooper pamphlets 
and books in the library of Priestley. . . these two men had much 
in common, though they were so different and in some respects 
so singular. Together they worked; together they rejoiced in 
the success of mutual efforts, and together they suffered (22). 
Cooper was present at Priestley’s wonderfully com- 
plete sort of death and, in the words of Dr. C. A. 
Browne, Bureau of Chemistry and Soils, Washington, 


DC., 

. .. made use of the laboratory after its owner’s death, and 
in 1811 performed a research there upon the production of potas- 
sium from caustic potash. In the same year Cooper accepted 
the professorship of chemistry in Dickinson College at Carlisle, 
Pennsylvania, and in entering upon his new duties negotiated 
with Priestley’s son for the purchase of some of his father’s 
scientific apparatus by the trustees of the college (23). 

Cooper would appear to have been entrusted, also, 
with the library and perhaps other apparatus of 
Priestley’s for sale when Priestley’s son returned to 
England but it is certain that the sale if any was 
not complete (23). Some of Priestley’s manuscripts, 
books, and instruments still remain in his old U. S. A. 


home. 
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To return to our main subject let us take up that 
great English newspaper The Yorkshire Post, published 
daily at Leeds, in Yorkshire, in the capital city of 
Priestley’s native county. We find that on the oc- 
casion of the recent celebration there of the bicentenary 
of Priestley’s birth, that great paper told its readers: 

. after his sympathy with the French Revolution had 
led to the wrecking of his house in Birmingham by a patriotic 
mob, he was compelled to resign from the Royal Society and 
eventually to emigrate to Pennsylvania. . . (24). 


Professor Robert Martin Caven, D.Sc., F.I.C., of the 
Royal Technical College, Glasgow, in his recent lec- 
ture and subsequent printed pamphlet, related and 
relates: 

. Even the Fellows of the Royal Society fought shy of 
Priestley, and he says “I found myself exposed to continual in- 
sult’’ (25). 


The Technology Review, of Cambridge, Massachusetts, 
in its March, 1933, issue, a copy of which was kindly 
sent by Mr. J. Rhyne Killian, Jr., the Editor, has an 
article on the “Bicentenary of the Firebrand Philoso- 
pher” (26). We read in this: 

. . The meeting house in which he preached was burned. . 


Priestley escaped to London .... Here his colleagues of the 
Royal Society refused to admit him to their meetings. wee 


The Editor, in a letter dated July 25, 1933, states this 
“article [is] by Professor Tenney L. Davis.” 

To come to a conclusion. It is obvious that lacking 
the facts the Priestley writers cannot tell us if Priestley 
did resign his Fellowship of the Royal Society after the 
Birmingham Church and King Riots. Priestley almost 
seems to indicate he did, but does not definitely say so. 
The Priestley writers have skipped the problem by 
only saying pretty much what Priestley himself did. 
They almost seem to indicate Priestley did so resign 
but they do not say so definitely. Except The York- 
shire Post and The Daily News and Mr. G. C. Hesel- 
tine. ... Mr. Heseltine definitely tells us that Priestley 
“resigned his Fellowship.”’ The Daily News states 
Priestley was ‘‘virtually compelled . . . to withdraw from 
his position as a member of the Royal Society.”’ 
The Yorkshire Post also says quite definitely ‘‘he was 
compelled to resign from the Royal Society.” 

“But Dr. Tenney L. Davis has drawn our attention 
to the fact that Priestley long after his departure from 
England, long after the Birmingham riot days, right 
up to his very last days, set down the letters “F.R.S.” 
after his name on the title pages of his last pamphlets. 
Dr. Davis then asks us is not “the report that he 
[Priestley] resigned his membership in the Royal So- 
ciety before he left England .. . therefore probably 
false?’ ‘‘False” is a harsh word in English ears. Let 
us change it to ‘‘mistaken.’’ Then let us say Dr. 
Davis is quite right in his surmise and that the Priestley 
writers and those others who may have spread ‘‘the 
report” have been or are mistaken. Priestley did not 
resign his Fellowship of the Royal Society, either be- 
fore or after the Birmingham Riots, nor did he either 
before or after he left England. 
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It is here: 


The Royal Society 
Burlington House 
London, W. 1. 
June Ist, 1933. 


The proof? Where is it? 


(COPY) 


Telephone 
Regent 5865. 


R. A. M. DIXON, Esq. 
Thearne Hall, 
nr. Beverley. 


DEar Sir: 

In reply to your query of May 27th., Joseph Priestley was 
elected a Fellow of the Royal Society on June 12th, 1766, and as 
far as our records show, remained a Fellow until his death in 1804. 

Trusting that this information will clear up your difficulty 

Iam, 
Yours faithfully, 
(signed) R. WINCKWORTH 
Assistant Secretary (27). 
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SUMMER COURSES IN CHEMICAL MICROSCOPY AT CORNELL 


COURSES in Chemical Microscopy will be given in 
the coming Summer Session of Cornell University, be- 
ginning July 9. Work on measurements, quantitative 
estimations, optical properties and growth of crystals, 
lens systems, illumination, ultramicroscopy and photo- 
micrography, and textile and paper fibers will be in- 
cluded in the general course, and a course in micro- 


scopic qualitative analysis will also be offered. The 
two courses may be taken together, or persons not 
desiring credit may arrange to cover, in less than the 
six weeks session, those portions of the work most 
suited to their needs. Further information may be 
obtained from Professor C. W. Mason, Baker Labora- 
tory of Chemistry, Ithaca, N. Y. 
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SPIRAL ARRANGEMENT (BAUMHAUER TYPE) 


HE ARRANGEMENTS classified in this division 
T are all flat spirals. Although two or three tables 
do not strictly comply with the definition, the 
authors have considered their general character such 
that ‘‘spiral arrangement” best describes them. Were 
it not for the fact that Hinrichs did not recognize the 
periodicity among elements, his “Chart of the Ele- 
ments” should surely have the honor of first place in 
the class of flat spiral arrangements. 
BAUMHAUER—1870 (71): Baumhauer’s spiral (Figure 
14) shows the elements arranged in order of increasing 
atomic weight be- 
ginning with H at 
the center. Simi- 
lar elements fall in 
line from the cen- 
ter to the periph- 
ery, causing the 
whole to be divided 
into seven seg- 
ments. Many of 
the chemical fami- 
lies are clearly 
shown, and in the 
more difficult 
arrangements, 
Baumhauer hasat- 
tempted to indi- 
cate relationships 
of elements by 
means of arrows. 


* This study was 
begun as a_bibliog- 
raphy prepared by 
the second author for 
a course in ‘Subject 
Bibliography,’’taught 
by Dr. Harriet Mac- 
Pherson, School of 
Library Service, Co- 
lumbia University. 
Parts I and II ap- 
peared in J. CHEM. 
Epuc., 11, 27-32 and 


217-23 (1934), FIGURE 


14,—BAUMHAUER’S SPIRAL 


VON HUTH—1884 (72): von Huth followed the plan of 
Baumhauer in developing a spiral in order of increasing 
atomic weights. From the center, seven radii diverge, 
each representing the location of a group of elements. 
Li is placed on the first radius, 7 mm. from the center; 
then Be on the second, at9 mm. The intersection of a 
radius by the spiral gives the location of an element. 
In the case of the “eighth group elements,’’ the clusters 
of elements are placed in a single position. The 
Mendeléeff families, or subgroups, are shown by listing 
the elements on each side of each radius, the ‘‘Iron- 
Platinum” and ‘‘Halogens’’ constituting the seventh 

radius. Von Huth 
also observed that 
his spiral could be 
divided into areas 
of ‘‘acid formers,” 
“indifferent ele- 
ments,” and ‘“‘base 
formers.”’ 


LOEW—1897 
(73): Loew repre- 
sented the posi- 
tions of elements 
by points on an 
Archimedean spi- 
ral in which V = 
¢ = V W, where 
“W”’ is the atomic 
weight, “‘V”’ the 
radius vector, and 
@ the polar angle. 
If the spiral is cut 
by a line passing 
through the ori- 
gin, the segments 
contain lists of ele- 
ments of which 
corresponding 
members form re- 
lated chemical 
groups, as P, As, 
and Sb, Bi. Fand 
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FIGURE 15.—ERDMANN’S SPIRAL TABLE 


A, however, are classified with the iron and platinum 


groups. The many exceptions make the usefulness of 
the system doubtful. 

STONEY—1902 (74): Stoney designed a logarithmic 
spiral, in which the atomic weights were indicated by 
volumes of concentric spheres; the radii of these 
spheres were used as radii vectors of a polar diagram. 
The author claimed that the spiral afforded the same 
information as the Mendeléeff table and noted the 
absence of elements on a particular sesqui-radius, the 
positions on which have sinte been filled by the “‘inert 
elements.” On the sixteen radii are shown a number of 
definite families, but a number of inconsistencies are 
very apparent; among these may be mentioned, F and 
Mn on the same radius; Na, Cu, Ag, Au; O, Cr, Mo, 
W, U. The quadrants are alternately labeled ‘“‘elec- 
tropositive” and ‘‘electronegative.”’ 

ERDMANN—1902 (75): Erdmann arranged the ele- 
ments around hydrogen in the clockwise direction 
(Figure 15) making one turn for a long period and one 
for the two short periods, thereby causing Na to fall on 
a radial line with Cu, Ag, Au. Each of the twenty 
radial lines locates a family, the distance from the 
center representing the atomic weight of each element. 
In this arrangement Co follows Ni; and Te follows I, 
thus causing Te to occupy a special radial line and to 
lose its connection with the sulfur family. 

RYDBERG—1914 (76): Rydberg’s spiral is not a spiral 
in the true sense of the term, but a series of concentric 
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circles. The ratios of the radii are 
1:4:9:16. Thecenter is occupied by 
E, and H is the first point on the first 
circle. The second circle contains the 
elements of the two short periods; the 
third, the elements of the two long 
periods; and the outermost circle, 
which is incomplete, consists of the 
Cs and the “‘87’’ periods. On the X- 
axis are placed the “‘inert elements.” 
Horizontal lines above and below the 
X-axis cut the circles at positions of 
elements of the same groups, as ar- 
ranged in Rydberg’s short-type table 
22). 

WELLS—1918 (77): The elements in 
Wells’ spiral are arranged in the an- 
gular order of their atomic numbers, 
and the distances from the center are 
proportional to the atomic weights. 
The periodicity is of eight instead of 
sixteen, as in the Stoney spiral (74). 
Each group is radially arranged; the 
sub-groups are slightly displaced as in 
the Mendeléeff tables. The eighth 
group and ‘zero group’ elements 
constitute a single group. 


NODDER—1920 (78) : Nodder claimed 
no essentially novel features for his 
spiral arrangement (Figure 16), which 

he stated “‘is practically the Harkins’ spiral arrange- 
ment (92) adapted for a representation in one plane.” 
Missing elements are indicated; dotted lines point out 
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FIGURE 16.—NoppER’s PERIODIC TABLE 
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FIGURE 17.—PARTINGTON’S PERIODIC ARRANGEMENT OF THE ELEMENTS 


interesting resemblances, such as Li 
and Mg; double circles represent 
pleiads of isotopes; and barbs are 
placed between elements out of 
order with respect to atomic weights. 


PARTINGTON—1920 (79) : The cen- 
tral portion of this spiral (Figure 17) 
is a simple arrangement with H at 
the.center and the elements enu- 
merated in a counter-clockwise direc- 
tion. The arrangement is divided 
into eight segments by eight radial 
lines, along which are placed the 
elements of families in order of in- 
creasing atomic weight. The posi- 
tion of rare-earth elements is indi- 
cated. The outer part of the spi- 
ral displays the Soddy-Fajans rela- 
tion between isotopes of radioactive 
elements in a unique diagrammati- 
cal manner. 


TANSLEY—1921 (80): Tansley’s 
spiral is divided by eighteen radii 
(subgroups), 20° each, giving each 
group equal importance. Unlike 
Stoney’s arrangement (74), the ele- 
ments are plotted, as they decrease 
in atomic weight, in a counter-clock- 
wise direction. The spiral starts 
with U at the center and ends with 
H at the end of the halogen radius. 
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The corresponding elements of the 
eighth group are given separate 
radii. The author concluded his 
discussion with, “A great amount 
of space is left for new elements.” 

STEWART—1928 (81): The ele- 
ments are arranged in a clockwise di- 
rection in order of their atomic 
numbers, starting with H at the 
center. The spiral is divided into 
eight segments. About the pole of 
the spiral, and through each mem- 
ber of the zero group, appear broken- 
line circles which mark the position 
of “‘isoteric forms of many of the 
elements whose atoms change dur- 
ing ionization, so that they have an 
extra-nuclear electronic arrangement 
similar to that of the particular 
zero group element through which 
the circle passes.” The rare-earth 
elements fail to fall into an orderly 
atrangement and the family rela- 
tionships, generally, are very ob- 
scure. 

HACKH—1929 (82): By means 
of a continuous clockwise curve, 
starting with H at the center, Hackh 





FIGURE 18,—JANET’s “‘HELICOIDAL CLASSIFICATION” 
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has caused seven major families to radiate into the 
upper half of the table in regular order. The long 
periods cause the elements in the middle zone to droop, 
forming two parallel lines for the K and Rb periods, 
while the rare earths cause the Cs period to droop still 
lower. By this arbitrary arrangement, the strong 
electronegative elements are found in the upper left 
region, while the weak negatives are in the lower left; 
the strong electropositive in the upper right, and the 
weak in the lower right. The amphoteric elements are 
in the lower part of the so-called spiral. The orbital 
arrangement of electrons is shown with the “inert 
elements” on the upper central radius. The tabular 
arrangement of Hackh’s table will be discussed under 
“Miscellaneous.” 

JANET—1929 (83): This spiral-like chart (Figure 18) 
appears to be a long chart shaped into a disc-like arrange- 
ment much as Courtines shaped his flat chart into a 
cylindrical arrangement (56). The “spiral,” separated 
on a line between F and Ne, instead of Ba and La, 
would appear like an improved Chauviérre chart in 
which the rare-earth elements are arranged ‘‘Werner- 
like.” Helium, of course, would be placed above Ne 
as usual. The author states that his arrangement is in 
harmony with modern theories of atomic structures, 
and it accounts for the position of the metalloids. 

CASWELL—1929 (84): The elements are represented 
on a spiral by points 20° apart. The inert gases lie on 
one radial line at 0°, alkali metals at 20°, Be, Mg, and 


alkali-earth metals at 40°, the rare earths together at 
60°, B and Al at 260°, and, finally, the halogens on the 


340° line. Unlike Janet’s chart, the rare earths occupy 
the position of one element and the division occurs 
between Be and B. 

CLARK—1933 (85): Clark’s chart appears to be a 
modification of the Hackh spiral (82). The cesium 
period has been shortened by merely writing the words 
“rare earths” between La and Hf, thus clearly restoring 
the other elements.to their proper places in sub-groups. 
The “main groups” and “subgroups” are given the 
typical Mendeléeff group numbers at the outer edge of 
the spiral, and an attempt has been made to show the 
degrees of relationship by lengths of dotted and solid 
lines. Unfortunately, the latter effort’has been 
hampered by insistence on symmetry. Be and Mg are 
shown to be closely related to Ca, Sr, Ba, and very 
distantly related to Zn and Cd. Likewise, B and Al 
are shown to be far more closely related to Sc than to 
Ga. H is shown to be related to both Li and F, but 
more closely to the former by relative length of dotted 
line. 


CONCLUSIONS 


The spiral arrangements may be classified in several 
ways. In the charts by Loew, Erdmann, Wells, 
Stewart, Hackh, and Clark, the elements are arranged 
in the clockwise direction, while the counter-clockwisear- 


rangement was used by Baumhauer, von Huth, Stoney,. 


Rydberg, Nodder, Tansley, Partington, and Janet. 
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Of those having radial lines, two have seven radii, two 
have eight radii, and one each has sixteen, eighteen, and 
twenty radii. Five of the charts cited do not use radial 
lines to assist in showing the positions and relationships 
of elements. 

The resultant symmetry of the arrangements has in 
several instances placed some of the members of the 
first two periods in unusual positions with respect to 
groups, and the pairs of elements Be-Mg and B-Al 
in many instances have been placed in positions not in 
accord with the facts. 


HELICAL ARRANGEMENT (HARKINS TYPE) 


The ‘“‘Harkins arrangement” is typical of the cylin- 
drical systems, but this division also includes three 
helical systems which are screwlike in character. In 
all cases the authors have endeavored to show physical, 
as well as chemical relationship more clearly by extend- 
ing the spiral into a third dimension. 

DE CHANCOURTOIS—1863 (86): On the assumption 
that the difference between atomic weights of adjacent 
members of an orderly series must be constant, de 
Chancourtois arranged the elements in order of atomic 
weights along the generatrix of a vertical cylinder, the 
circumference of whose base he divided into sixteen 
equal parts. Figure 19 is a portion of the cylinder, 
“telluric screw,” unfolded. When the atomic weights 
failed to conform to prime numbers, he imagined new 
varieties of simple bodies which he called ‘‘secondary 
characteristics.” Although led to many mistaken 
analogies by enthusiasm and an active imagination, ~ 
de Chancourtois deserves the credit for producing the 
first helical arrangement 
based on the fundamental 
idea of periodicity. 

CROOKES—1898 (87) : The 
elements are arranged in 
order of atomic weights on 
a line which traces out a 
figure-eight spiral (Figure 
20). Each of the successive 
loops is divided into eight 
equegl parts and an element, 
or a cluster of elements 
(eighth group elements), is 
placed at each point of di- 
vision. Analogous elements 
are found on the same ver- 
tical rod at distances pro- 
portional to their atomic 
weights. The blank spaces 
following Ce and preced- 
ing Ta are reminiscent of 
Mendeléeff’s short horizon- 
tal chart (11). The ar- 
rangement has space for 
the “inert elements.” 

SCHIRMEISEN—1900 (88) : 
Schirmeisen represented the 
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Ficure 19.—THE TExLiuric 
ScrEW 
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elements in a system of circles, defining a cylinder, the 
angular displacement in a clockwise direction from the 
highest point being proportional to the excess of 


FIGURE 20.—CRooKEsS’ PERIODIC TABLE 


atomic weight above the initial value. The first circle 
consists of He to F, Li at 68.8° and F at 337.7°; in the 
second circle are Ne to Cl; the angular displacement of 
Na is 64.4° and of Cl, 325.3°; the third and fourth 
circles form a figure-eight arrangement, K—32.7°, Co— 
337.8°, Cu—45.7°, Br—269.7°. The succeeding cir- 
cles can be constructed similarly from the angular dis- 
placements given in degrees. 

EMERSON—1911 (89): This helical arrangement 
(Figure 21), which, according to the author, is based on 
Crookes’ spiral (87), involves two symmetrical groups of 
eight elements each (octaves) in two circles, four 
groups of sixteen elements each (double octaves) in 
four circles, and, finally, the first quadrant of a larger 
circle of thirty-two elements. Pre- 
ceding the first octave circle is 
shown a group of four elements, hy- 
drogen to helium, in a full circle and 
a first group of two, ether and co- 
ronium, ina half circle. The elements 
are placed in order of increasing 
atomic weights on successive coils; 
the distances between elements on 
the helix, the interspaces, are propor- 
tional to the successive increments in 
atomic weight. The average incre- 
ment is two units for the octaves, 
three for the double octaves, and 
four for the quadruple octaves. A 
slightly modified helix by the same 
author appeared seventeen years later 
(90). 

soppy—1914 (91): Soddy’s helix 
is a modified Crookes’ figure-eight 
arrangement (87) brought up to date. 
H and He are treated independently 


CoNire 


JOURNAL OF CHEMICAL EDUCATION 


and the first two periods are arranged around the same 
helical core. The ‘‘inert elements” are located at the 
sharp turns of one helix while the eighth-group elements 
are arranged along slow turns of the other, showing 
the ‘‘differences in the rate of change of properties in 
the passage from one place to the next.’’ The rare- 
earth elements are arranged along the surface in the 
position occupied by Group III. 


HARKINS AND HALL—1916 (92): Unlike Crookes 
(87) arid Soddy (91) who used the figure-eight arrange- 
ment, Harkins and Hall developed two concentric 
helices (Figure 22), the central helix being formed by 
the long periods. The rare earths and the isotopes of 
the radioactive elements are arranged vertically in 
positions determined by the atomic-weight scale, 
reading from the top to the base. Each vertical rod of 
the model represents a group, and the relation of sub- 
groups is indicated by a bridge near the top. 


STINTZING—1916 (93): Instead of constructing double 
cylinders as did Crookes (87), Soddy (91), and Har- 
kins and Hall (92), Stintzing increased the radius of a 
single spiral as the periods lengthened. This screw- 
like figure represents the elements on axes radiating 
from a center point. Certain unsymmetrical periodic 
insertions correspond to the peculiar relations of the 
rare earths, the radioactive elements, and the eighth 
group. 

VOGEL—1918 (94): Vogel’s contribution was frag- 
mentary in that his proposal dealt with more justifiable 
arrangements of the rare-earth elements, and eighth- 
group triads in the periodic system. He proposed a 
subsidiary loop for the rare earths by causing the spiral 
to change its course after passing Ba, to form a loop of 
rare-earth elements, rejoining the larger spiral at Ta. 
Similar subsidiary loops were suggested for each of the 
eighth-group triads. 
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FIGURE 21.—EMERSON’S HELIX 
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SCHALTENBRAND—1920 (95): In this unusual table 
(Figure 23) the elements are arranged in order of 
atomic weights on an eccentric spiral. The four sets of 
curves include positions of similar elements. The 
first small turn carries H and He; the remainder of the 
“inert elements” and the halogens are on successive 
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F1GURE 22.—PrErRriopIc TABLE BY HARKINS AND HALL 


small turns in analogous positions. On the next 
larger turn are found the alkali, alkaline-earth, and 
aluminum family elements. The long periods require 
larger turns and the period containing the rare-earth 
elements requires the longest turn of all. Elements of 
the same group are found in the same plane passing 
through the axis of the spiral. 


MONROE AND TURNER—1926 (96): The principle of 
this arrangement is quite similar to that.of Schalten- 
brand (95). Four sets of concentric loops are sup- 
ported by 2, 6, 10, and 14 rods, respectively, from the 
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center to the outer edge. The two central rods support 
the elements of the helium and alkaline-earth families, 
headed by H; the rods of the second loop are headed by 
Be, B, C, N, O, and F; rods of the third by Sc, Ti, U, 
Cr, Mn, Fe, Co, Ni, Cu, and Zn; and the rods of the 
fourth by Ce, Pr, Nd, and eleven single rare-earth 
elements. 


STEWART—1928 (81): Stewart designed a three- 
dimensional screw-like arrangement from his flat 


FIGURE 23.—SCHALTENBRAND’S PERIODIC TABLE 


spiral, in which isotopes were represented by clusters of 
lead shot. 

RIXON—1933 (97): The Rixon spiral (Figure 24) 
has a horizontal axis and combines in a simple graphic 
manner the advantages of the Thomsen table (61), the 
Soddy helix (91), and the Harkins cylinder (92). The 
author has attempted to develop the idea of periodicity 
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companying notes. It was the precursor 
of similar tables by Reynolds (100) and 
Crookes (101). 

REYNOLDS—1886 (100): Reynolds’ ex- 
panding curve vibrated to either side of a 
central line cutting what we now know as 
the positions of the inert gases. Three of 
the ten nodal positions are held by the 
eighth-group elements which the author 
called ‘‘interperiodic bodies.”” The bends 
in the curve take place along lines equally 
distant from and parallel with the axis, in- 
stead of along lines approaching a common 
point at the top, as in Spring’s diagram 
(99). Reynolds excluded Mendeléeff’s 
twelfth series. The atomic weights are 
indicated on the central line, starting with 
eens teeneee zero atthe bottom. The first two periods 
NUVBERS INERT GAS constitute the first wave; the third and 

FIGURE 24.—Rrxon’s DIAGRAM OF THE PERIODIC TABLE min tagse ae ae pt Hert pice 
of elements in the light of their atomic structure. The : baits because of the lang vacant line from 
- : ito Ta. 
two short periods and the two long periods seem 
to be patterned after the Emerson helix (89). The 
great or Cs period gives the effect of a double period by 
an offset caused by the rare-earth elements. The 
attempt to place in line, parallel to the axis, elements 
having similar outer electronic arrangements has been 














quite successful. Transition elements are indicated by 
a thin secondary line running parallel to the spiral. 


CONCLUSIONS 


The helical arrangements cited above may be re- 
classified into five subdivisions: the plain spirals 
(cylindrical and screw-like), the double cylinders 
(placed end to end), the figure-eight arrangement, the 
concentric cylinders, and the helices consisting of 
several sets of curves per period. 


MISCELLANEOUS (INDIVIDUAL CLASSIFICATION) 


The arrangements of this division might lend them- 
selves to classification into distinct types, but the 
authors are content to consider them in their chrono- 
logical order. In some instances they show marks of 
resemblance to one or more of the preceding five types 
and are deserving of serious consideration; the unique- 
ness of some may mark the beginning of new approaches 
to the study of graphical arrangements based on the 
periodic law. 


GIBBES—1875 (98): L.R. Gibbes developed a crude 
table and spiral representing most of the important 
principles of the periodic law. The vertical table 
reading from top to bottom in ‘‘series,”’ was made into a 
spiral by rolling it in much the same manner as that 
suggested by Lothar Meyer in his ‘“Modern Theories of 
Chemistry” (13). 
SPRING—1881 (99): W. Spring of the University of 
Liége prepared the diagram (Figure 25) without ac- FIGURE 25.—SPRING’s DIAGRAM 
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This author arranged the elements in order of increas- 
ing atomic weight in a rectangular parallelopiped, five 
spaces deep, three wide, and eight long. The top sur- 
face consists of three rows, He to F, Ne to Cl, and A to 
Mn. _ The next lower layer consists of Fe to Zn (three 
2 es 08", a” blank spaces), ‘‘blank space’’ to Br (three blank spaces), 
, of eee and Kr to Ru; the next three layers are similarly 

ers arranged. The table provides for 120 spaces. Van 
i ’ den Broek pointed out that spaces are provided for 
: rare earths, radioactive elements and their decompo- 
sition products, and that Na, Cu, Ag, and Au are not 
placed in the same vertical column. 


LORING—1915 (104): Loring has attempted to 
illustrate by means of an irregular spiral-like arrange- 
ment his theory that elements may be ‘‘possibly evolved 
out of whirls of energy’”’ and are formed “‘when there 
are time breaks in the continuity of the flow of energy.”’ 


HACKH—1918 (105): The table (Figure 28) was 
derived from a spiral previously described in this 
paper (82). The upper half contains elements possess- 
ing high electropotential, simple spectra, and colorless 
ions, while the lower has low electropotential, complex 
spectra, and colored ions. On the left side are the 
electropositive, on the right, the electronegative, 
elements. The central lower half contains the ampho- 
teric elements. Similar elements are found in the 
upper half in the vertical direction, while similarity is 
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FIGURE 26.—CROOKES’ PERIODIC TABLE 


CROOKES—1886 (101): The ar- 
rangement by Crookes (Figure 26) is 
quite similar to the one by Rey- 
nolds (100), turned through ninety 
degrees and extended to include Th 
and U. H is placed between the 
axis and Li (Reynolds placed these 
elements on opposite sides of the 
axis), and several additional ele- 
ments are shown. While Reynolds’ 
diagram was rectangular in char- 
acter, Crookes’ is fan-shaped and he 
likened it to a pendulum swing de- 
clining in amplitude. 

FLAVITZKY—1887 (102): Flavit- | 
zky stated that the arrangements 
of Bayley (59), von Huth (72), 
Spring (99), and Reynolds (100) 
could not be represented by single 
mathematical equations and sought 
to show that the periodic law must 
be represented by some function of 
tangent or cotangent. Figure 27 
illustrates Flavitzky’s idea in a 
schematic manner. The function 
fails with the eighth group and the 
lack of conformity in the higher pe- 
riods he assumed to be caused by 
the greater complexity of the mole- 
cules of the elements. 

VAN DEN BROEK—1911 (103): FIGURE 27.—FLAVITz2KyY’s ARRANGEMENT 
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on the horizontal, in the lower half. A modification of 
the table brought up to date appeared in 1929 (106). 
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FIGURE 28.—HaAcKHu’s CLASSIFICATION OF THE ELEMENTS 


FRIEND—1925 (107): In an attempt to include the 
rare earths without unduly destroying symmetry, 


FIGURE 29.—FRIEND’S PERIODIC SYSTEM 


Friend arranged the elements around the surface of a 
sphere (Figure 29). The periods are arranged much 
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like those in a Mendeléeff chart. The rare-earth ele- 
ments are closely packed into a belt in the lower 
“torrid zone.’’ Below the equatorial belt, the elements 
tend to show greater instability. The order of B and 
Be is obviously an error in copy. 

STEPHENSON—1929 (108): The elements are here 
arranged in order of their atomic numbers and the 


. ‘percentage increase of atomic weight of each element 


over its predecessor” is calculated. Negative values 
for A — K, Co — Ni, and Te — I are accepted and used 
in the statistical series. H is left out, as it has no 
predecessor. When arranged in columns of six (Figure 
30) some chemical relationships are shown. The au- 
thor states that ‘‘each column begins and ends with 
related elements,’’ and ‘‘contains two sets of triads.” 








Ra (89) OY) =U 





FIGURE 30.—STEPHENSON’S STATISTICAL PERIODIC TABLE 


CONCLUSIONS 


The contributions by Gibbes, Spring, Reynolds, and 
Crookes, cited in this section may be considered the 
forerunners of the modern helical arrangements. The 
other tables included seem to hold unique places 
among systems of classification and apparently have 
not been subjected to numerous modifications as is 
true of the tables by Bayley, Thomsen, Werner, and 
others which have appeared in textbooks in grossly 
modified forms without being so designated. 
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CHEMISTRY and CHEMICAL 
ARTS in ANCIENT EGYPT. 
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WINE 


INE was made in Egypt from prehistoric times. 

White and red wines were Known, but the 

white was more common. There were numerous 
varieties of these, depending upon the locality. Wine 
was made chiefly from grapes but dates and barley were 
used and palm wine is often mentioned. This was 
made by tapping the trunk of the date palm and allow- 
ing the exuded juice to ferment. Since the tapping 
process killed the tree palm wine was expensive. The 
wine press is mentioned in the hieroglyphic of the First 
Dynasty.*° There are numerous paintings of the 
processes for making wine. The grapes were picked 
and carried to the press in baskets. The fruit was 
trodden by men with naked feet. Generally ropes 
were suspended above the center of the press so that the 


40 Petrig, W. M. F., “Social life in ancient Egypt,”’ Constable 
& Co., London, Bombay, and Sydney, 1923, p. 135. 


I] 


workers could grasp thein and thus be enabled to raise 
their feet higher. The juice ran out through an open- 
ing at the bottom of the press mto jars from which it 
was conveyed to vats. After as much juice had been 
tramped out as possible the pomace was placed in sacks 
of cloth and wrung out by hand. Sometimes a hot 
solution was stirred into the pomace, while it was being 
pressed, but the composition and utility of this solu- 
tion are unknown. Fermentation was allowed to 
take place in large vats, after which the wine was trans- 
ferred to jars which were sealed with clay or plaster 
of Paris. A small quantity of pitch was placed in the 
jars to improve the flavor of the product. The del- 
eterious effects of the fumes (carbon dioxide) from 
the fermenting juice were known.*! Blends were 
produced by mixing different kinds of wine in fixed 

41 WILKINSON, J. G., ‘“‘The manners and customs of the an- 


cient Egyptians,” Revisions by BrrcuH, Dodd, Mead and Co., 
New York City, 1878, Vol. 1, p. 388. 
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proportions, the siphon generally being used for 
the purpose. The advantages of aging were also 
known. The chief use for wine was as an intoxicating 
drink. Wine was employed in medicine also, chiefly as 
a vehicle. 


BREAD 


Bread was an important article of diet in ancient 
Egypt from prehistoric times. In early ages barley 
was chiefly used; in later times wheat. Baking was a 
recognized trade in the Empire and perhaps earlier. 
Breadmaking with yeast is distinctly a chemical process. 
The early writers distinguish between ‘‘leavened”’ and 
‘‘wnleavened”’ bread, indicating that a part of the bread 
was lightened by fermentation processes. Micro- 
scopical examination of the loaves from the tombs 
reveals yeast cells.4* The tomb paintings show the 
processes of bread-making in considerable detail. The 
dough was kneaded with the feet in large tubs (small 
batches were kneaded with the hands), a lump of leaven 
from a previous batch being added to start the fermen- 
tation.* It was placed in baskets of loaf size, the top 
of the loaf being sprinkled with caraway or sesame 
seeds, and allowed to rise. It was then baked on the 
outside of mud ovens which were heated on the inside 
with charcoal fires. White bread was made from wheat 
flour, which presupposes knowledge of the bolting proc- 
ess. This was a luxury. 


BEER 


Beer was the national drink of the Egyptians. Being 
much cheaper than wine, the poor could have it. The 
method of brewing was much different from the modern 
one. A dough of barley flour was made which was 
baked and the cakes were cut into small pieces. Gen- 
erally malted grain was added and an infusion was 
made from the material which was fermented with yeast 
in tubs. Spices and bitter substances were added for 
flavoring but hops were unknown.' As evidence that 
the brewers knew the value of cleanliness in preparing 
beer, the kitchen in which it was made was called ‘“‘the 
pure.’’** In the Old Kingdom four kinds of beer were 
known, but, since the specific methods for brewing them 
are not now known, a description of each is omitted. 


TANNING 


The Egyptians tanned skins into very fine, durable 
leather. The exact method is unknown to us, although 
the process was undoubtedly carried out with vegetable 
extractives. The pods of the acacia (Mimosa nilotica), 


42 LaWatt, C. H., “The history and romance of bread,” 
Am. J. Pharm., 104, 434 (1932). 

* The Greeks and the Romans prepared dried yeast by making 
a batter of bran and fermenting cider and drying it in the sun. 
For use they moistened a portion of the product with water and 
added the mixture to their dough. The Egyptians may have 
used a similar procedure. (BRauN, E., ‘‘The Baker’s Book,” 
Braun, New York City, 1901, Vol. 1, p. 10.) 

t Rawlinson has found malted grain in the tombs. This 
would indicate that some of the beer at least was made by fer- 
mentation of malted materials. 

43 ERMAN, A., trans. by TIRARD, H. M., “Life in ancient Egypt,” 
The Macmillan Co., London and New York, 1894, p. 192. 
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the bark of Acacia Seyal, and the bark and wood of 
Rhus oxyacanthoides were probably employed. Skins 
were also cured by extracts from Pertploca secamone. 
The skins were scraped with a special form of copper 
knife, very wide, short, and dished. The tomb paintings 
show that the hides were treated in large vats, after- 
ward beaten with stones, and finally washed and 
stretched over three-legged stools until the leather be- 
came pliant. It is probable that the ‘“‘shamoying” 
process was known in Egypt, since it is described by 
Homer in the Iliad.“4 This consists essentially in 
opening the pores of the hide by repeated washings 
after which oil is forced into them by rubbing and beat- 
ing while the hide is held under tension by stretching. 
The finer Egyptian leathers were dyed—tred, yellow, 
and green being the favorite colors. An exceptionally 
fine, white leather was used as parchment for writing. 
Beautiful skins, such as those of the leopard and pan- 
ther, not denuded of hair, were used for quivers, chair 
coverings, clothing and the like. Such skins were 
brought in from Abyssinia and the “incense countries’ 
on the Somali coast. Ordinary leather was made from 
the skins of the ox, gazelle, or goat, and after the intro- 
duction of the horse, from horsehide.* 


EGYPTIAN BLUE 


One of the pigments which was much admired 
throughout the ancient world because of its surpassing 
beauty and remarkable durability, was Egyptian blue. 
It was known as early as the Eleventh Dynasty and its 
use was continued into Roman times. Vitruvius, an 
architect of the Augustan age, records that Egyptian 
blue was made formerly at Alexandria and in his time at 
Puteoli by fusing copper, sand, and soda.** By the 
fourth century A.D., however, all knowledge of its 
composition and method of making had been lost. 
Microscopical examination of specimens from the tombs 
shows beautiful, blue crystals with small proportions 
of colorless ones. This indicates that the material 
was not carried to complete fusion during the process 
of manufacture but remained in the form of a frit. 
Chemical analyses of this pigment were made as far 
back as 1815 by Sir Humphry Davy,‘*® and numerous 
chemists have since*® 4 repeated and amplified his 
work. Sodium, silica, and copper are the chief con- 
stituents thus substantiating Vitruvius’ account. Oc- 
casionally a little calcium and aluminum are present. 
Russell‘? has been able to duplicate not only the pig- 
ment having the blue color but also he has obtained in 
it other shades, particularly green. According to 


44 Homer, ‘Iliad,’ 17,404. Translated by ALEXANDER POPE. 

t Horses were not known in Egypt until after the Hyksos 
invasion, or about 1650 B.c. 

4 Quoted by Lauri, A. P., ‘“‘The materials of the painters’ 
craft in Europe and Egypt,” T. N. Foulis, London and Edin- 
burgh, 1910, p. 23. 

46 Str Humpury Davy, Phil. Trans., 105, 106 (1815). 

4a JoHN, J. F., ‘‘Chemischen analysen altaegyptischer Far- 
ben,”’ Berlin, 1827. 

4b Foster, W., ‘‘Chemistry and Grecian archeology,” J. 
Cuem. Epuc., 10, 270 (1933). 

47 RUSSELL, Quoted by Laurie (see 45). 
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Laurie*® the green color will result if the temperature 
be too high. Egyptian blue never contained cobalt, 
although specimens of blue glass colored with this ele- 
ment have been found in Egypt. 


SULFUR 


Sulfur was known to the Egyptians from very early 
times. It was used in medicine quite extensively as it 
is prescribed frequently in the Ebers Papyrus. The 
disinfectant properties of sulfur and fire (sulfur diox- 
ide) were known to Homer*® and presumably were 
known to the Egyptians also. According to Pliny*® 
the Egyptians made a polish by the following formula: 


1/3 part 
1 part 
1 part 


Finest Cyprian copper (coronarium).. .. 
SORE orc cis ccrsthar seh eene Ow awe wetland as 


The whole is heated in an earthen crucible luted with clay, the 
operation being terminated when the lid comes off of its own ac- 
cord. 


Such a mixture would contain copper sulfide and 
silver sulfide. Pliny also mentions that natron is 
melted and heated with sulfur.°° This would produce 
a mixture analogous to modern ‘“‘liver of sulfur,” which 
is a mixture of the sulfate, thiosulfate, and polysulfides 
of potassium. 

OIL OF TURPENTINE 


There is presumptive evidence that distilled oil of 
turpentine was known to the ancient Egyptians. 
Mackay®! has examined the wax used to varnish the 
paintings in many Theban tombs of the Eighteenth 
Dynasty. The wax is now in the form of a greyish, 
partially opaque skin which is readily detachable. 
The melting point of the material indicated that it was 
beeswax. This is not surprising for the Egyptians were 
noted apiarists and honey was much used for sweetening 
food and medicines. Mackay believed that the wax 
had been dissolved in some volatile solvent, probably 
oil of turpentine, before application. Pliny®® °* has 
described two crude methods of distilling pitch, either 
of which would produce oil of turpentine. 


KOHL 


The early Egyptian women (and perhaps the men 
also) painted the area around the eyes with green or 
black pigments called “‘kohl.”” These pigments are 
found in the Predynastic graves and onward. Analy- 
ses show that the composition is not uniform. Most of 
the green pigments are malachite, though chrysocolla 
has been noted. In most cases the black pigments con- 
sist of ground lead sulfide (galena); antimony sulfide 


48 Homer, “The Odyssey,” Translated by William Cowper, 
Book 22, 556. 

4 Bartey, K. C., “The Elder Pliny’s chapters on chemical 
subjects,” Part I, Arnold & Co., London, 1929, p. 131. 

50 Thid., p. 53. 

51 Mackay, E., “On the use of beeswax and resin as varnishes 
in Theban tombs,” Ancient Egypt, 1920, p. 35. 

82 Prrny, “Natural History,” XV, 7. 

83 Tbid., XVI, 21. 
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FicurE 11.—ANCIENT EGYPTIAN WINE PRESS 


This type of press was provided with a perforated bottom 
to separate the pulp from the juice. Ropes were suspended 
above so that the workers could raise their feet higher. 


has been observed in one instance; copper oxide and 
manganese dioxide have also been found. 


ILLUMINATION 


Explorers have often marveled that the carvings 
and paintings in the darkest Egyptian tombs show no 
traces of smoke. Various theories have been advanced 
to account for this. One is that the Egyptians had 
some form of cold light, the secret of which has been 
lost; another, that light was brought in by a series of 
mirrors reflecting from wall to wall; and still another 
that they had some form of electric light. There is 
practically no evidence for any of these theories. 
Lamps have been found in the tombs® which may have 
burned olive oil rendered smokeless by salt.* Maeter- 
linck®® believes that the light came from burning alcohol 
which had been distilled from fermented dates. Since 
alcohol of greater strength than about 17% cannot be 
made by modern fermenting methods, and alcohol is 
incombustible if weaker than about 50 per cent., it 
seems reasonable to suppose that distillation was prac- 
ticed. The writer has found no other evidence of the 
use of distilled alcohol in Egypt. The earliest work on 
distillation that we have is by an Egyptian alchemist, 


54 CarTER, H. R., ‘“‘The tomb of Tut-ankh-Amen,’’ Doubleday, 
Doran & Co., Garden City, New York, 1927, Vol. 2, p. 75. 

* Herodotus describes the lamps used in Egypt at the time 
of his visit as ‘‘ . . . flat saucers filled with a mixture of oil and 
salt on top of which the wick floats.’”” Hrropotus, Book ii, 92. 
Rawlinson’s translation, D. Appleton & Co., New York, 1889. 

55 MAETERLINCK, M., ‘‘Ancient Egypt,” trans. by A. SuTRo, 
Allen & Unwin, London, 1925, p. 52. 
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FIGURE 12.—PRIESTS BLENDING WINES RY MEANS OF 
SIPHONS 





Cleopatra, who wrote in Greek, probably a century or 
two B.c. Her manuscripts (which are known only 
by copies) figure a chrysopoeia which is very near to 
our modern alembic. Synesius in the fourth century 
A.D. has figured an alembic and receiver almost exactly 
like the modern form.* 


BRICKS, MORTAR, AND PLASTER 


Ancient Egyptian mortar consisted of two materials, 
viz., (a) moist clay (Nile mud), and (0) partially de- 
hydrated calcium sulfate (plaster of Paris). The latter 
sometimes contained lime and, according to Neuburger, 5” 
lime alone was sometimes used. However, Lucas 
states that the use of lime mortar was unknown until 
Roman times. Bricks were made of moist clay rein- 
forced with straw. They were dried in the sun® and 
were laid in moist clay as mortar. In later times the 
bricks were kiln-fired like pottery. Plaster of Paris was 
used as mortar for stone work. Plaster consisted essen- 
tially of clay or a mixture of sand, gypsum, and calcium 
carbonate. Lucas®® gives the analyses of twenty 
samples which show from 1 to 72 per cent. of calcium 
carbonate, 23 to 97 per cent. of calcium sulfate, and 
from 2 to 36 per cent. of sand. The cement used for 
inlaying and other similar purposes was plaster of 


Paris. 
DYES 


Indigo and safflower were grown* for the dyes which 
they yielded. Mummy-cloths were frequently stained 
with safflower, and all kinds of fabrics were dyed with 
indigo. For use in dyeing indigo requires considerable 
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ancients,’’ The Macmillan Co., New York City, 1930. 

58 BREASTED, J. H., ‘‘A history of Egypt,” Scribners, New York 
City, 1912, p. 94. 

59 Lucas, A., “Ancient Egyptian materials,’’ Longmans, Green 
& Co., New York City, 1926, p. 230. 

* Both Wilkinson and Rawlinson state that the indigo plant 
was cultivated in Egypt. Lucas believes that it was never grown 
there. Pliny states that in his day indigo came from Egypt. 
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exacting chemical manipulation. No description of 
the Egyptian process has come down to us, but it 
probably was similar to the modern one.®° This in- 
volves enzymic fermentation of the freshly cut plant 
with water to break up the glucoside (indican) into glu- 
cose and indoxyl (indigo white), and subsequent oxida- 
tion of the latter to indigo blue. In dyeing, the blue 
compound is reduced to the colorless form by ferrous 
sulfate and lime. The fabric is soaked in the solution 
and exposed to the air. Oxidation results with forma- 
tion of the blue compound in the tissue. If the indigo 
were imported into Egypt reduction to the leuco- 
compound would be necessary before use as a dye. 
What agents the Egyptians used for reduction are un- 
known. Madder is mentioned by Herodotus and 
Pliny. Henna was imported for use in the toilet. 


DRUGS 


The Egyptians used a great number of drugs but 
most of them required either no chemical treatment or 
at most only pharmaceutical manipulation before use. 
Examples are aloes, beeswax, castor oil, flaxseed, goose- 
grease, henbane, olive oil, opium, and sulfur.64 Many 
of the modern pharmaceutical operations were in use, 
although they do not involve chemical changes. For 
example, trituration, infusion, decoction, maceration, 
percolation, and elutriation were each practiced accord- 
ing to the requirements of the drug. Relatively few 
drugs involved chemical reactions during their prepara- 
tion. Examples of those which do are alum, bread, 
beer, charcoal, copper shavings, verdigris, vinegar, 
yeast, and wine. Hydrocyanic acid, “‘the penalty of the 
peach,” was known and, according to LaWall,® was 
probably concentrated by distillation.t Some drugs 
were used for their physical-chemical effects. Ex- 
amples are alum for nosebleed® and henbane steeped 
in oil and placed in cavities for toothache.™ 

Ebers asserts that strychnine was known and used by 
the priests.°6 This presupposes a knowledge of the 
separation of strychnine from brucine by chemical 
means. The writer has found no confirmation of this 
from other sources. The effects produced by the drug 
as described by Ebers were more like those from hydro- 
cyanic acid than from strychnine. Possibly this might 
be expected as Ebers was not a physician and his 
knowledge of pharmacology is often faulty. 
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INK 


. The Egyptians used inks which have retained their 
colors to the present. The most common colors were 
black and red, although others were known. Most of 
the black inks contained carbon. This is supposed to 
have been about what we know as lampblack. For 
writing purposes it was probably suspended in mucilage 
of acacia. Iron-gall inks which were used in the middle 
ages were not known. In one case (Ebers Papyrus) 
red ink has been found to contain red lead. This was 
commonly used as a pigment in painting. 


SOAP 


It is disputed whether the Egyptians made and used 
soap. Wilkinson is positive that there is no evidence 
that they did.** Neuburger®’ is of the same opinion. 
On the other hand, Brown® states that the Turanian, 
Chaldean, or Egyptian alchemists practiced the art of 
soap-making and Garrison® asserts that the Egyptians 
were skilled (among other things) in preparing soap. 
Also Holmyard” states that soap making was one of the 
minor technical arts that flourished in Egypt. The 
Egyptians were a very cleanly people. The priests 
shaved their heads every day and their entire bodies 
every third day. This would presuppose the use of 
soap, although plants containing saponins may have 
been used. The Egyptians had an abundance of fats, 
particularly olive oil and goose-grease, and plentiful 
supplies of sodium carbonate from the bitter lakes. 
It would be strange if they had not stumbled onto the 
art of soap making. Specimens of soap have been found 
in the ruins of Pompeii (a.p. 79), but none in Egypt so 
far as the writer knows. Pliny says that the Gauls 
made soap from fats and wood ashes. 


VARNISH 


The Egyptians employed varnish from the late 
Middle Kingdom onward, chiefly to cover wood but 
occasionally as a cover for tomb paintings. Two types 
were known. As found now, one of these closely re- 
sembles modern varnish. The nature of this varnish 
has never been satisfactorily explained. Unquestion- 
ably, it is some form of resin. That resins were known 
is shown by the occurrence of lumps in the earliest 
Predynastic graves. The method of application of 
these varnishes is conjectural. They are colorless in 
thin layers but reddish in thicker coatings. This sug- 
gests that the material was practically colorless when 
laid on. They are insoluble in oil of turpentine but 


6 WILKINSON, J. G., ‘‘The manners and customs of the 
ancient Egyptians,” Revised by Bircu, Dodd, Mead & Co., New 
York City, 1878, Vol. 2, p. 49. 
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soluble in alcohol. This might be considered as further 
presumptive evidence of the use of distilled alcohol. 
Lucas”! believes that the varnish was applied as a 
natural oleoresin liquefied by heat. Such coatings 
would be hardened by the evaporations of the volatile 
oil. 

There is also a black varnish much different from 
that described in the preceding paragraph. It was 
used on wooden objects, such as coffins, boxes, statues, 
etc. It is probable that this belongs to the class of 
varnishes known as ‘‘Japanese lacquers.’’ There are 
several species of plants scattered over the world which 
produce natural black varnishes. For example, Rhus 
vernicifera of Japan”? and China, and R. vernix" of 
the Eastern United States, on being wounded, exude 
a cream-colored juice. Under the influence of an 
enzyme in the sap, the juice is oxidized to an almost 
indestructible black varnish. In Japan and China this 
sap has been used for centuries under the names of 
“Chinese lacquer” and “Japanese lacquer.” 


EMBALMING 


Many more or less complete accounts of the embalm- 
ing processes have come down to us. From these we 
are able to form a reasonably complete picture of the 
operations. In Predynastic times embalming was un- 
known, although some of the bodies have been preserved 
by desiccation in the hot sands. Others have been 
found which were packed in salt with no other preserva- 
tive. The Egyptian methods of embalming were 
mostly physical rather than chemical. The processes 
indicated a knowledge of the action of antiseptics. In 
the more expensive procedures the brain was removed 
through the nostrils and the cavity cleansed with 
drugs. Sometimes the cavity was filled with a mixture 
of bitumen, wood-tar, and resin.”* The viscera were 
removed and the abdominal cavity cleansed first with 
palm wine and afterward with pounded spices. The 
cavity was then filled with spices and the body was 
pickled in natron solution for forty-two days. The 
body was washed, dried by some process, the details 
of which are unknown to us, and wrapped in linen, the 
whole being smeared with gum or pitch. The viscera 
were treated with antiseptics and preserved in four 
jars along with the mummy. 


MISCELLANEOUS 


Sugar. It is generally believed that sugar from cane 
was unknown in ancient Egypt. Honey, which was 
produced in large quantities, supplied most of the 
sweets needed in the diet. The balance was obtained 
from fruits, such as the date, peach, and pomegranate. 
Ebers mentions ‘‘sugar’’ several times in his novels.”§ 
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This may refer to palm sugar. It can scarcely mean 
refined sugar as we know it. 

Petroleum. Crude petroleum, “‘oil of the earth,’’ was 
used in medicine, but there is no evidence that it was 
distilled under reduced pres- 
sure. 

Vinegar. The Egyptians 
were celebrated for their 
vinegar. It was prepared 
from the sap of the date 
palm. It may also have 
been made from the juices 
of the plum or the pome- 
granate. Vinegar was used 
as food and medicine and 
as an antiseptic wash. 

Brass. Many references 
to brass occur in early 
Greek and Hebrew litera- 
ture. These mean either 
copper or bronze, since true 
brass (copper-zine alloy) 
was unknown until Roman 
times. No brass objects 
have been found in Egyptian graves of dates earlier 
than the Persian conquest. 


SUMMARY 


The Egyptian artisans and alchemists exercised 
their skill in numerous practical ways. They made 
charcoal and employed it in smelting ores of copper, 
lead, and iron in furnaces controlled by bellows. They 
prepared bronze and cast it into implements, weapons, 
and ornaments. They melted gold, silver, electrum, 
and other alloys in charcoal furnaces by the use of the 


FiGuRE 13.—DISTILLATION APPARATUS OF THE FOURTH 
CENTURY A.D. 


Distillation was known in the first and second centuries 
B.c. and probably much earlier. 
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blow-pipe and worked them into astonishingly beauti- 
ful articles of jewelry. They weighed precious metals 
and jewels on balances not unlike our modern analytical 
instruments. They made pottery, bricks, cements, 
porcelains, and glass. They 
manufactured linen, paper, 
dyes, pigments, inks, paints, 
and varnish. They tanned 
skins into wonderfully 
pliant and durable leather 
and dyed it in various colors. 
They made bread by the use 
of yeast, beer from malted 
barley, wine from grapes, 
and vinegar from the sap 
of the date palm and the 
juice of the pomegranate. 
They probably practiced 
the art of distillation and 
presumably applied it in 
obtaining alcohol from fer- 
mented mashes and in con- 
centrating hydrocyanic 
acid. They produced salt 
from the brines of the bitter lakes and used it in preserv- 
ing fish. They prepared numerous drugs and were 
skilled in the use of poisons. They embalmed their 
dead so perfectly by means of chemicals and desicca- 
tion that after the lapse of forty centuries the features 
are readily identifiable when compared with the monu- 
ments. They used petroleum in medicine although 
there is no evidence that it was distilled under re- 
duced pressure. It is doubtful that they made har- 
dened steel, prepared soap, or refined sugar from the 
cane. 
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Lastly, physical investigation, more than anything besides, helps to teach us the actual value and right use 
of the Imagination—of that wondrous faculty, which, left to ramble uncontrolled, leads us astray into a 
wilderness of perplexities and errors, a land of mists and shadows; but which properly controlled by experi- 
ence and reflection, becomes the noblest attribute of man; the source of poetic genius, the instrument of 
discovery in Science, without the aid of which Newton would never have invented fluxions, nor Davy have 
decomposed the earths and alkalies, nor would Columbus have found another continent —Address to the Royal 


Society by its President. (Nov. 30, 1859.) 


Sir Benjamin Brodie 





QUANTITATIVE EXPERIMENTS 
in ELEMENTARY CHEMISTRY 


IIT. The Law of Multiple Proportions 
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ratios was an important step in his theory of 

chemical combination. His reported researches 
substantiating this law were based (1) on analyses of 
nitrous oxide (laughing gas) and nitrous gas (nitric 
oxide); (2) combinations of nitric oxide with oxygen; 
(3) analyses of marsh gas and ethylene; (4) considera- 
tion of the known composition of. the oxides of carbon. 
These data were cited in support of the existence of a 
simple numerical relation between the different quanti- 
ties of one substance, A, combined with the same 
quantity of another substance, B. 

Wollaston in 1808 had independently discovered the 
law through his study of acid salts. He showed that 
the law applies not only to elements, but also to com- 
pounds which react with one another. The experi- 
ment outlined below shows how the law of multiple 
proportions applies to normal and acid salts, e. g., 
sodium carbonate and sodium bicarbonate. It is 


Ly. ’S discovery (1802) of the law of multiple 


desired to compare the quantities of carbon dioxide 
liberated by the action of hydrochloric acid on equiva- 


lent quantities of the two salts. This is the same 
as if we were comparing the varying quantities of 
carbonic acid which react with the same fixed weight of 
soda. Two methods are proposed. 


A. GRAVIMETRIC PROCEDURE 


Procure an Erlenmeyer flask of 125 cc. capacity, a 
No. 4 rubber stopper (2 hole), a screw clamp, two short 
lengths of glass tubing (about 3” and 5”, respectively), 
and 1” of rubber tubing. Assemble as shown in Figure 
1. Each piece of tubing is constricted to an inside 
diameter of about 1 mm. at the indicated 
ends (A and B). 

Weigh, on a quantitative balance, two 
samples of sodium bicarbonate of exactly 
0.25 g. each. Transfer one sample to a 
porcelain crucible and heat to a dull red 
for half an hour. (Care should be taken 
at this point not to fuse the sample by 
excess heat, nor leave any unchanged bi- 
carbonate by underheating.) The other 
sample is placed in the flask. Carefully 
draw into the longer tube sufficient hydro- 
chloric acid (1:4) to fill it. Tighten the clamp (C) and 
weigh the assembled apparatus, containing the acid 
and. the sample of sodium bicarbonate. 

Remove the flask from the balance and partially 
open the clamp, thus adding acid to the flask. Carbon 
dioxide is evolved by the reaction and escapes by 
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FIGURE 1 


way of the shorter tube. Allow sufficient time for the 
completion of the reaction, shaking gently to hasten the 
action. Now reweigh the flask and obtain by difference 
the weight of CO, evolved. 

Empty and thoroughly cleanse the flask of any acid. 
Place in it the cooled Na,CO; obtained by heating 
NaHCO; -.as described above. Determine the CO, 
content as before. Compare the weight of CO, evolved 
with that previously obtained. 


B. VOLUMETRIC PROCEDURE 


The necessary equipment consists of a 50-cc. gradu- 
ated tube, 2’ of '/,” rubber tubing, an 8-oz. wide- 
mouthed bottle, one small glass vial, one 4” funnel, one 
No. 7 rubber stopper (2-hole), and one No. 00 rubber 
stopper (l-hole), and the requisite amount of glass 
tubing. Assemble as in Figure 2. The bottle, the 
graduated tube, and funnel should be attached to an 
iron stand asshown. Fill the graduated tube (B) and the 
rubber tube (C) with a saturated salt (NaCl) solution. 

Weigh on a quantitative balance two samples of 
sodium bicarbonate of exactly 0.15 g. each. Transfer 
one sample to a porcelain cruci- 
ble and heat to a dull red for 
half an hour. While this is pro- 
ceeding, place the other sample 
in the bottom of the 8-ounce 
bottle (A). Carefully lower the 
glass vial (D), which should be . 
about half full of hydrochloric 
acid (1:4), into the bottle. Do 
not allow acid to strike the salt 
sample until all connections are 
air-tight. Insert a glass plug (£) 
into the second hole of the No. 7 
stopper. Adjust the levels of the 
liquid in the graduated tube and 
funnel until they are of equal 
height; thus insuring the pres- 
sure in the flask to be equal to 
the barometric pressure. Record 
the level in the graduated tube. 
Now gently tilt the bottle so the 
HCI will run from the vial onto the sodium bicarbonate 
sample. The CO, which is liberated will be recorded 
in the graduated tube. When the action has ceased, 
adjust the levels to the same height and read the vol- 
ume. The difference between the initial and final read- 
ings will give the volume of CO, liberated at the 
existing pressure and temperature. 
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The sample which has been heated is now cooled in a 
desiccator and then transferred to the bottle. Proceed 
as before and measure the volume of CQ, evolved. 
Compare the volume with that previously obtained. 
If the pressure and temperature conditions have not 
appreciably changed, the ratio of the two volumes, as 
measured, is also a ratio of the weights of CO, evolved. 
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SUGGESTIONS on HOW fo STUDY CHEMISTRY 
MARSHALL A. GOFF 
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ERHAPS more time is wasted in well-intentioned 
Pp study effort than is used properly. When a 

person says to me, “I just couldn’t get this lesson 
though I read it over several times,” he has told very 
plainly that he does not know how to study. If 
memorizing and studying were synonymous terms, this 
course in general chemistry would be drudgery. Proper 
study methods will assure better progress in the course 
and save hours of time. The lazier we are, the more 
reason for acquiring a proper study technic. 

The following suggestions have grown out of years of 
studying and teaching chemistry and are given with the 
assurance that if followed this course will be profitable 
and pleasant. 

1. Satisfy yourself that there is a real need for 
chemistry in your course. Study the complete cur- 
riculum you are pursuing and see where a knowledge of 
chemistry and its applications is helpful and necessary. 
Have a motive for studying this subject. If you apply 
yourself, you'll find chemistry vital and intensely 
interesting and hence easier to learn. 

2. Chemistry is probably a new subject to you. It 
has its own symbols and terms and language. Master 
these as they come up in the course. Like a new 
language this knowledge is cumulative and helps in the 
study of what follows. It is necessary that you under- 
stand the English of the text. Keep a small diction- 
ary handy. Don’t be mentally lazy. Your English 
vocabulary will grow with your chemical vocabu- 
lary. 

3. Form definite study habits. Program carefully 
your week and follow your program. Always study 
chemistry at the time and place scheduled. By forming 
such habits you are more readily able to concentrate on 
the subject. 

4. Divide your study time into definite periods, a 
certain number of minutes for review of the last lesson 
and the remainder for study of the assigned lesson. If 
the assignment has more than one kind of work, divide 
the time accordingly; for example, a certain portion to 
the solution of problems and exercises and a certain 
portion to assigned reading.. The object of this is to 
prevent putting too much time on a hard question 
which may after all be relatively unimportant compared 
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to other things in the lesson. Once a week review the 
preceding week’s work. 

5. For your own benefit keep a notebook, to help 
classify the subject matter, to facilitate review and to 
help the memory, especially as a visual aid to it. 
Don’t necessarily make the notebook too neat. Re- 
member that it is a workbook and its preparation 
should be a help in study and not a burden. 

6. Before using your notebook make a preliminary 
survey of the reading matter. Not all of it is of equal 
importance or necessarily pertinent to the assigned 
lesson. Note what parts of the text should be inten- 
sively studied and what parts are of secondary im- 
portance, then use your time and effort accordingly. 

7. The subject matter in the texts is generally well 
subdivided into paragraphs. A paragraph should 
contain one central idea. Be sure you have grasped 
this idea. Put this idea or a synopsis of it in the note- 
book. Try to associate with this idea the reasons or 
other statements bearing upon it so that in future 
references to the subject the memory is aided. 

8. When you have carefully studied through the 
assigned reading matter and outlined it in the notebook, 
you should have a mental picture of the important 
points of the lesson; you should be able to develop any 
formulas, state any laws, etc. Otherwise, more appli- 
cation is necessary. In learning a scientific law test 
yourself by stating it in language different from that of 
the textbook. It will help also if a few applications of 
this law are made. 

9. It will pay you to read carefully a treatise on 
“How to Study” which you may obtain in the library. 
An interesting short article entitled ‘““How to Study 
Chemistry’’ may be found in the JOURNAL OF CHEMICAL 
EpucaTIon [5, 1307 (Oct., 1928) ]. 

10. Lastly, don’t be discouraged if chemistry seems 
difficult at times. Frankly, I think it should be diffi- 
cult enough to cause a good mental perspiration. To 
develop the brain requires mental effort just as much as 
developing any other part of the body. Remember 
that this subject, chemistry, is cumulative and. gets 
easier to master as the course progresses. Consult your 
instructor. He is interested in your progress and will 
be glad to help in any way possible. 
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PRECIPITATION 
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Pressure and non-pressure methods of hydrogen sulfide 
precipitation have been subjected to experimental study in 
order to determine their relative merits. The conditions 
have been found under which the pressure method may be 
used (in conjunction with a central gas supply system) 
by students in qualitative analysis. The shortcomings of 
the non-pressure method under the same conditions are 
pointed out. 

++ eo ++ 


HERE are two general methods for precipitat- 
y ing sulfides with hydrogen sulfide. These are: 

(1) the pressure method, usually carried out in 
an Erlenmeyer flask and (2) the non-pressure method, 
generally conducted in a beaker. The purpose of this 
investigation was to ascertain the relative merits 
of the two methods, particularly when applied to 
student work. 


PRESSURE METHOD 


In this method the gas is not bubbled into the solu- 
tion but absorbed over it under the full pressure of 
the generator. The method offers so many advantages 
over that of direct bubbling into the solution, that it has 
been generally adopted for all quantitative sulfide pre- 
cipitations. When used by the experienced analyst the 
method unquestionably possesses the following. favor- 
able features: (1) rapidity of precipitation, (2) cer- 
tainty of saturation, (3) economy of gas, (4) prevention 
of the escape of the gas into the laboratory. 

The apparatus suitable for this method is shown in 
Figure 1. It consists of a 250-cc. Erlenmeyer flask 











FIGURE 1 


provided with a 2-hole stopper. Through one hole a 
right-angle delivery tube extends just below the stopper 
while through the other there is inserted a straight glass 
tube about one inch long and fitted with a short piece 
of black rubber tubing closed by a screw clamp. The 
delivery tube is connected to the hydrogen sulfide wash 


bottle by means of a piece of black rubber tubing 
about six inches in length. 

The precipitation throughout this work is carried 
out as follows. The solution, the volume of which 
does not exceed 100 cc., is introduced into the flask and 
the stopper is tightly inserted. The screw clamp is 
opened and a rapid stream of the gas is allowed to pass 
through for 30 seconds to insure the complete displace- 
ment of air over the solution by the gas. The screw 
clamp is then closed and, with the wash-bottle stopcock 
open, the flask is gently shaken by means of a swirling 
motion, care being exercised not to shake so vigorously 
that the solution wets the upper wall of the flask or the 
stopper. 

The points to be considered in the study of this 
method are: (1) its adaptability to a central gas- 


supply system, (2) its advantages and disadvantages 
in precipitating Groups 2 and 3, respectively. Early 
in the work it became apparent that it would be neces- 
sary to consider separately the application of the 


method tothe precipitation in acid and alkaline solutions. 

Adaptation to a Central Gas Supply System. In all the 
experiments to be described, a large Breithut generator! 
was employed. It was provided with a main supply 
tube from which branched six separate outlets, one in 
each of six hoods. When the gas is absorbed over the 
solution a wash bottle is needed at each outlet. The 
ordinary wash bottle filled with water to a depth of 
about an inch was permanently connected at each 
outlet. 

The design of a suitable device for controlling the 
flow of gas at each outlet is of paramount importance. 
Experience over a period of years has shown that the 
only safe and reliable method for gas regulation when 
the gas is to be bubbled into ‘a solution is the simple 
valve consisting of a glass bead in the rubber outlet 
tube. Stopcocks and pinch clamps have the very 
serious disadvantage that elementary students are 
prone to be forgetful in turning them off. As a conse- 
quence, any steady large drain of the gas from an H2S 
generator, aside from being wasteful and injurious to 
health, may lead to an explosion in the generator due 
to the development of excessive pressure. It was 
thought that bead valves attached to the wash bottle 
at each outlet would solve this difficulty. How- 
ever, with this arrangement students were frequently 
misled into assuming saturation and complete pre- 
cipitation long before this condition was actually at- 
tained. The method proved so troublesome and 


1 CuRTMAN, L. J., “Qualitative chemical analysis,” The Mac- 


millan Co., New York City, 1931, p. 504 
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undependable that the beads were finally discarded and 
glass stopcocks substituted. To permit their use, it 
became necessary to make the generator system safe 
against any large drain occasioned by a steady leak 
through a stopcock carelessly left open. The insertion 
of one-inch capillaries (0.5 mm. bore) in the rubber 
tubing connecting each wash bottle to the main pipe 
line effected this admirably (see Figure 1). 

Under these conditions a steady stream could then be 
had at each outlet and, with a full generator supplied 
with fresh acid, the stream was slow enough to permit 
one or two outlets to remain open continuously with 
perfect safety. The use of capillary tubing serves 
also as an efficient pressure regulator, for a sudden drain 
at any one of the outlets has no effect on the rate of gas 
delivery at any of the others. This becomes a very 
important consideration when the generator is being 
used by many students at one time since changes in the 
rate of gas-bubbling through the wash bottles causes 
considerable difficulty in testing for saturation. 


GROUP 2 PRECIPITATION 


In order to study the precipitation with hydrogen 
sulfide in acid solution, 500 mg. of copper as copper 
nitrate in 100 cc. of 0.3 M HCl were introduced into 
a 250-cc. Erlenmeyer flask and the method of pre- 
cipitation outlined above applied. Many trials showed 
that precipitation was complete within three minutes. 
At the end of this time absorption of the gas into the 
solution through the wash bottle was: still quite rapid, 
indicating that the solution was still unsaturated. 
However, once the rate of absorption had noticeably 
fallen from its high initial rate it soon decreased to 
about one bubble every 30 seconds. From then on, 
absorption continued with one or two bubbles per 
minute for a very considerable time before true satura- 
tion was reached. With this arbitrary test for satura- 
tion (one bubble every 30 seconds), 100 cc. of a 0.8 M 
HCI solution containing 500 mg. of copper was satu- 
rated in from 5 to 5!/2 minutes. In all cases, as was to 
be expected, precipitation was complete. 

The striking advantage of this method, when em- 
ployed by the experienced analyst, is the certainty 
with which complete saturation and precipitation are 
indicated by the cessation of the gas flow. It was of 
considerable importance to determine whether the 
method still retained this favorable feature when 
carried out by the average student in elementary quali- 
tative analysis. Fifteen students, chosen at random, 
analyzing typical Group 2 unknown solutions required 
from 5 to 7 minutes to saturate their solutions (test: 
one bubble in 30 seconds). In all cases complete 
precipitation was attained. In numerous other trials 
the time for saturation was from 5 to 6 minutes and in 
some few cases as much as ten minutes. Complete 
precipitation, however, was always obtained. 


AMMONIUM SULFIDE GROUP PRECIPITATION 


(1) Determination of Time for Saturation. One 
hundred cc. of solution containing 500 mg. of nickel 
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as nickel nitrate, 2 g. of ammonium chloride, and 2 cc. 
of concentrated ammonium hydroxide was heated to 
boiling and treated with H:S by the pressure method. 
Gas absorption was rapid for five minutes; thereafter, 
the rate of flow of the gas diminished very slowly until 
at the end of 15 minutes it was one to two bubbles every 
thirty seconds. In student work the time for saturation 
(one bubble in 30 sec.) usually extended to 20 to 25 
minutes and was never less than 15 minutes. It was 
therefore of considerable interest to determine whether 
or not there is any need for saturation under these 
conditions. The rate of gas absorption falls off so 
slowly and so gradually with time that it is not possible 
to perceive a decided lessening of flow that might 
yield some indication of the completeness of precipita- 
tion. 

(2) Determination of Time Required for Complete 
Precipitation. One hundred cc. of solution containing 
500 mg. of the metal ion (Ni, Co, Fe, Mn, or Zn), 2 g. 
of ammonium chloride, and 2 cc. of concentrated am- 
monium hydroxide was heated to boiling and treated 
with hydrogen sulfide. In all cases, three minutes 
were found sufficient to allow for complete precipita- 
tion. At the end of this time the gas absorption was 
still quite rapid. In numerous student experiments on 
known solutions of Group 3 containing 100 mg. each of 
Al, Cr, and ‘Zn, and 50 mg. of Fe, Ni, Co, and Mn, com- 
plete precipitation was attained in three minutes. 

Since the rapidity and completeness of precipitation 
might be expected to depend, to some extent, on the 
gas pressure in the generator system, it was important 
to determine the réle of this factor. Tests were made 
after the generator was filled with 1:1 HCl and also 
toward the close of the laboratory period when the acid 
was nearly spent. The rate of gas absorption and time 
for complete precipitation were the same under both 
conditions. 

It is thus evident that it is only necessary to control 
the time for precipitation. The two other possibilities 
were nevertheless tried out with students. When a 
student was directed to continue precipitation until the 
bubbling became very slow, the time consumed was 
generally from 10 to 15 minutes. When the student 
was merely directed to continue the precipitation until 
the bubbling through the wash bottle ceased, the test 
being a rate of a bubble every 30 seconds, then, as 
noted above, the process became time-consuming be- 
yond all reason. 

Transfer of the Precipitate. In connection with the 
pressure method it is of interest to consider the question 
of transferring the sulfide precipitate and the conse- 
quent cleaning of the precipitation flask. Students 
were directed to transfer the precipitate to the filter 
with the aid of water. One or two treatments with 
about 10 cc. of wash liquid is sufficient to transfer 
all of a large sulfide precipitate except a thin film that 
frequently adheres to the walls of the flask. Although 
it is needless for qualitative purposes to collect the very 
small amount of sulfide constituting the film, never- 
theless it is necessary to provide a convenient method 
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for cleaning the flask. In many cases it is difficult 
or impossible to clean the flask mechanically; in such 
cases the use of hot aqua regia or HCl is recommended. 
The thin sulfur film that sometimes remains can then be 
easily removed with a properly bent test-tube brush. 


CONCLUSIONS 


Precipitation in 0.3 M HCl Solution. The pressure 
method proves highly successful with students in ele- 
mentary qualitative analysis, using a central supply 
system for hydrogen sulfide, provided the following 
conditions are observed: 

(1) Each outlet must be provided with a wash bottle 
of the design suggested and supplied with stopcock and 
capillary as indicated in the diagram. 

(2) The student should be directed to continue pre- 
cipitation until the gas absorption, as indicated by the 
bubbles passing through the wash bottle, has fallen to 
one bubble in 30 seconds. 

Precipitation in NH,OH Solution. Under the above 
conditions the pressure method becomes unnecessarily 
confusing and wasteful of time when applied to a Group 
3 precipitation. However, by setting an arbitrary time 
limit of 3 minutes for precipitation, perfectly satis- 
factory results may be obtained. The conditions 
chosen are those generally in use for Group 3. If the 
conditions are widely different it is then necessary to 
determine the minimum time required for complete 
precipitation. 

NON-PRESSURE METHOD 


In order to compare the relative merits of the pres- 
sure and non-pressure methods the experiments already 
described with the former were repeated with the 
latter. The test solution, contained in a 250-cc. beaker, 
was treated with a rapid stream of the gas for various 
periods of time, the mixture filtered, and the filtrate 
tested for complete precipitation. The gas was intro- 
duced into the solution through a small piece of 3- 
mm. glass tubing connected by means of rubber tubing 
to the hood outlet of the central gas supply system. 
The rate of flow was controlled by means of a bead 
valve in the tubing. The results showed that in 
Group 2 precipitation is complete in from 3 to 4 
minutes while in Group 3 complete precipitation is at- 
tained in from 4 to 6 minutes. 
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When the beaker method is employed the time re- 
quired for complete precipitation depends upon the 
rate of flow of hydrogen sulfide into the solution. In 
class use this rate depends, to a very considerable ex- 
tent, on the freshness of the acid in the generator as 
well as on the number of gas outlets open at the time. 
The above experiments were made under ideal condi- 
tions, using fresh acid and with only one outlet open. 

Another method sometimes recommended for pre- 
cipitation with hydrogen sulfide is a combination of the 
two methods considered above. The solution to be 
treated is contained in an Erlenmeyer flask; the latter 
is stoppered with a two-hole rubber stopper, through 
one hole of which passes the gas delivery tube extending 
to the bottom of the flask. The gas is bubbled through 
the solution for some time; it is then tested for satura- 
tion by closing the second hole in the stopper with the 
thumb and shaking the flask. The solution is con- 
sidered saturated when upon closing the hole and 
shaking, the gas no longer continues to bubble into 
the solution. The actual time required to precipitate 
500 mg. of copper in 100 cc. of 0.8 M HCl was three 
minutes. However, only after 14 to 16 minutes’ treat- 
ment with a fairly rapid stream of the gas was the 
solution saturated as indicated by the test. When 
employed by students, the test recommended for 
saturation is very likely to lead to confusion and to 
extend unnecessarily the time of treatment. It offers 
one advantage over the beaker method by providing 
some indication of saturation. However, this test so 
prolongs the precipitation time with consequent waste 
of gas that the method can hardly be recommended. 


SUMMARY 


1. A comparative study has been made of the two 

general methods for precipitation with hydrogen 
sulfide using a central gas supply system: the 
pressure method in which the gas is absorbed over 
the solution and the non-pressure method in which 
the gas is bubbled directly into the solution. 
The pressure method can be successfully adapted to 
class use when certain necessary modifications are 
introduced. Only under these conditions is the 
method to be recommended as preferable to the 
non-pressure method. 





HAPPINESS 


And Science dawns though late upon the earth; 
Peace cheers the mind, health renovates the frame; 
Disease and pleasure cease to mingle here, 

Reason and passion cease to combat there, 

Whilst mind unfettered o’er the earth extends 

Its all-subduing energies, and wields 

The sceptre of a vast dominion there. 


Shelley 











EXPERIMENTS with NASCENT GASES 
S. D. HOLMES 


Jarvis Collegiate Institute, Toronto, Canada 


A set of experiments is described, suitable for high-school students or science clubs, 


correlating the nascent action of hydrogen and oxygen with electrolysis and the 


atomic form of gases there evolved. 





OST elementary textbooks in chemistry con- 
tain references to nascent action or the atomic 
form of oxygen and hydrogen. Bleaching by 

moist chlorine or hydrogen peroxide is attributed to the 

generation of nascent oxygen. In connection with 

Marsh’s test it is suggested that the nascent hydrogen 

in the generator effects the formation of arsine or stib- 

ine. The ionic hypothesis implies the liberation of 
gases during electrolysis in the atomic form, at least 
at the instant of release. It occurred to three of the 


writer’s students (J. Huether, R. Lewis, and L. Turl) 
that these ideas might be tested out together and they 
have improvised the apparatus and carried out the 
following experiments. 





1. BLEACHING ACTION OF NASCENT OXYGEN 


Using carbon electrodes with an electrolyte of water 
acidified with sulfuric acid and a 110-volt circuit, a 
piece of colored cloth was wrapped several times around 
the anode. After two minutes the cloth was found to 
be bleached—quite completely in the area which had 
been in actual contact with the carbon, and to a pro- 
gressively lesser degree in the other layers of the wrap- 
ping. This was taken to illustrate the rapid assump- 
tion of the molecular form by the oxygen. 


2. NASCENT HYDROGEN IN MARSH’S TEST 


The apparatus used in this and in several succeeding 
experiments is illustrated in Figure 1. The electrodes 
were carbon rods, the cath- 
ode passing through one 
hole of a rubber stopper 
which held it inside a short 
length of one-inch glass 
tube. A cloth bag contain- 
ing arsenious oxide enclosed 
the lower part of the carbon 
and a delivery tube through 
the other hole of the stopper 
led away the resultant gases. 
A pronounced arsenic stain 
was obtained in a few 
minutesalongside the heated 
portion of the delivery tube. 














FIGURE 1 


Similar results were ob- 


tained when antimony oxide was used in the cathode 
bag. 
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3. NASCENT HYDROGEN WITH ELEMENTARY ANTIMONY 
AND ARSENIC 


The preceding experiment suggested the use of the 
elements instead of their oxides. A rod of antimony 
was cast by using as a mold a piece of */s-inch glass tub- 
ing sealed at one end and set upright in a tall jar of sand. 
When the molten metal was poured in the glass cracked 
but was held in place by the sand until the metal was 
set. This antimony rod was used in the above appara- 
tus in place of the carbon cathode, and a pronounced 
antimony stain was obtained on each side of the flame. 

Since it was impossible to cast arsenic, the powdered 
element was wrapped in a bag around the carbon cath- 
ode as before, and the same result was obtained. 


4. NASCENT HYDROGEN AND METALLIC SULFIDES 


A common household procedure for cleaning tar- 
nished silverware is to place the silver in a solution of 
washing soda in contact with a piece of aluminum. 
This is described as forming a voltaic cell with the 
evolution of hydrogen which removes the sulfide stain 
from the silver as hydrogen sulfide. 

A piece of badly tarnished silver was used as the cath- 
ode in apparatus similar to that diagramed in Figure 1, 
with carbon anode.and dilute sulfuric acid as the elec- 
trolyte. The Bunsen flame was omitted and cotton 
soaked in lead nitrate solution was lightly plugged in 
the end of the delivery tube. The tarnish was quickly 
removed from the silver and evidence of the evolu- 
tion of hydrogen sulfide was seen in the discoloration 
of the lead nitrate in the cotton plug. 

The experiment was repeated with a piece of copper 
foil, which had been sulfidized by holding it in sulfur 
vapor, and similar results were obtained. 


5. CHLORINE AND GOLD 


The equations in many textbooks for the action of 
chlorine-generating solutions on gold suggest a further 
extension of the experiment. 

A carbon electrode was coated with gold leaf, tightly 
wrapped in thin cloth, and immersed in strong sodium 
chloride solution. (It was necessary to wrap the gold, 
otherwise the bubbles of gas tore it away.) With this 
as the anode in a 110-volt circuit the reaction between 
the gold and the chlorine was so vigorous as to show 
bright flashes and sparks below the liquid and to burn 
holes in the cloth. The gold foil disappeared completely. 
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ALCOHOL to ACETONE 


A Student Experiment 


E. C. WAGNER 


University of Pennsylvania, Philadelphia, Pennsylvania 


N THE description of a student experiment “The 
Fractionating Column in Preparation of Acetone”’ 
by Robertson,! it is stated that the hot oxidation of 

isopropyl alcohol by chromic acid “‘is largely a failure 
on account of the continuation of the oxidation to the 
acetic acid-carbon dioxide stage.” Oxidation at 25° 
to 40° is accordingly specified, requiring the mixture 
to be chilled in ice after each addition of oxidant. In 
1926 the writer worked out a student experiment which 
involves the same reaction, the oxidation being effected 
by gradual addition of chromic acid solution to the 
boiling solution of isopropyl alcohol in water. The 
reaction is carried out in a flask surmounted by a short 
fractionating column, through which the acetone is 
distilled during and after the oxidation. The crude 
acetone (collected below 65°), and several subsequent 
fractions, are redistilled through the column, permitting 
the easy isolation of a high yield (70% to 80% or more) 
of acetone boiling 57° to 60° and over 99% pure, and 
also the isolation of any unchanged isopropyl alcohol 
(76° to 82°). This procedure involves only two major 
operations and a minimum of manipulation. As it 
seems more direct and effective than Robertson’s, a 
description of the experiment is appended. 

It is appreciated that Robertson’s experiment is de- 
signed both to illustrate the oxidation of a secondary 
alcohol to a ketone, and to demonstrate the value of a 
fractionating column in the isolation of acetone. This 
incidental study of the usefulness of a column is evi- 
dently intended to serve as a substitute for the usual 
experiment on fractional distillation, whose somewhat 
artificial character (mixing alcohol and water and 
“undoing this unnecessary operation”) is pointed out. 
A careful examination of Robertson’s directions, how- 
ever, reveals the fact that in order to accomplish the 
double purpose of the experiment the isolation pro- 
cedure is made fully as artificial, involving three dis- 
tillations from three different flasks, after which the 
student will appreciate that he should have used a 
column for the first distillation, and it may occur to 
him to wonder why a product so much distilled should 
finally be collected as an 8° fraction (up to 65°). If 
he had previously performed an experiment involving a 
study of fractional distillation with aid of a small 
column,” it would not be necessary for him to toil 

1 ROBERTSON, J. CHEM. Epuc., 10, 704-5 (Nov., 1933). 


2 SIMONS AND WAGNER, ibid., 9, 122-41 (Jan., 1932); WAGNER, 
tbid., pp. 320-5. 


through an unnecessary distillation in the isolation of 
acetone in order to appreciate that a column is certain 
to be advantageous for such separations. 


DIRECTIONS FOR THE HOT OXIDATION OF ISOPROPYL 
ALCOHOL TO ACETONE 


Apparatus: Support a 500-cc. ring-neck flask on a stand so 
as to permit heating with a burner. Adjust to the flask an addi- 
tion-tube. Through the side arm of the addition-tube pass the 
bent stem of a 250-cc. separatory funnel, and into the vertical 
arm fit a 3-ball Snyder column (or a Vigreux or packed column of 
the same size), provided with a thermometer and attached to a 
short condenser. Use as receiver a 200-cc. ring-neck flask. All 
the corks of the apparatus must be tight. 

Procedure: Introduce into the reaction flask 25 g. of isopropyl 
alcohol and 100 cc. of water. Transfer to the addition-funnel a 
cooled solution of 45 g. of sodium dichromate (NazCr,07-2H,0), 
75 cc. of water, and 40 cc. of concentrated sulfuric acid. Heat the 
liquid in the flask just to boiling, then withdraw the flame and 
add chromic acid solution slowly until boiling is spontaneously 
resumed. Continue addition of the chromic acid at such rate 
that gentle boiling is maintained, but without active distillation 
until about half of the oxidant has been added. Then apply a 
very small flame, causing acetone to distil, the temperature at the 
head of the column not exceeding 60°. When the chromic acid 
solution is all added, distil off the residual acetone slowly (about 
80 drops per minute); most of it passes over below 60°. When 
this temperature is just exceeded change the receiver (use 50-cc 
Erlenmeyer flasks for this and subsequent fractions; stopper and 
set aside the flask containing the acetone) and collect in separate 
receivers the 60° to 70° fraction, the 70° to 85° fraction, and 
finally about 25 cc. above 85°. Test the reaction of this aque- 
ous fraction (?). Note the odor of the steam from the green 
liquid in the oxidation flask (?). 

Disconnect the fractionating column and condenser, and dry 
both of them internally by rinsing successively with alcohol and 
ether, and then passing a current of-dry air. Adjust the column 
to the flask which contains the crude acetone, attach the con- 
denser and thermometer, and seat the flask in a perforated board. 
Place as receiver a dry 50-cc. Erlenmeyer flask, previously weighed, 
and distil off the acetone slowly (30 drops per minute). When the 
temperature just exceeds 60°, introduce the 60° to 70° fraction 
and redistil, collecting as acetone anything which passes over 
below 60°. Similarly redistil the other fractions so as to collect 
as much as possible of the acetone in the first receiver, and so as 
to separate as a final 76° to 82° fraction any unchanged isopropyl 
alcohol. : 

Calculate the yield of acetone on the actual weight of isopropyl 
alcohol used and not recoverable, and take into consideration the 
purity of the acetone obtained. The purity of the isopropyl 
alcohol can be derived from its specific gravity. Assume the 
isopropyl alcohol recovered in the experiment to approximate 
constant-boiling composition (87.9% propanol-2). Determine 
the specific gravity of the acetone, and calculate its purity from 


3 LANDOLT-BORNSTEIN, ‘‘Physikalisch-Chemische Tabellen,” 
5th ed., Vol. I, p. 454. 
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the values reported by Krug.*’4 It should be above 99%. The 
yield thus determined should be 75% to 85% of the theoretical. 


COMMENTS 


Robertson apparently assumes commercial isopropyl 
alcohol to be about 90% pure. The Eastman Co. 
product used in this laboratory, however, had the 
specific gravity 0.7919 (2), corresponding to 97.6% 
propanol-2. It is hence advisable to determine the 
specific gravity of the alcohol used. The amount of 
dichromate specified is a moderate excess, 41.3 g. being 
required by equation. Even with 48 g. of dichromate 
some isopropyl alcohol was recovered. As is shown 
below, cold oxidation as directed by Robertson leaves 
some isopropyl alcohol unoxidized. It would seem 
that in this reaction some over-oxidation can hardly 
be avoided, especially near the end, when the mixture 
contains little alcohol and much acetone. 

In the accompanying table are listed results of four 
runs, of which three involved hot oxidation and one 
cold oxidation as directed by Robertson. In all cases 
the isolation was effected as described above. Yields 

4 Krue, Z. anal. Chem., 32, 106 (1893). 


* Densities of acetone-water mixtures at 20°: 
0.79197, 95% 0.80748, 90% 0.82197. 


100% acetone 
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are corrected for the purity of the isopropyl alcohol 
(97.6%) and for that of the acetone, and are calculated 
both with and without correction for recovered iso- 
propyl] alcohol. 


Yield of Acetone 

Iso- Neglecting Calc. 

propyl isopropyl from 
Acetone Purity alcohol alc. alcohol 
57° to 60° acetone 76° to 82° recov. reacted 

Method of Oxidation g. % g. 

Hot Oxidation, as described: 18.6 99.3 
44 g. dichromate 16.9 99.6 


78.4 


2.9 71.2 79.4 


Same: 48 g. dichromate 17.9 99.7 3.1 75.5 84.9 


Cold Oxidation: 25° to 


40° (Robertson) 17.3 98.9 1.8 72.5 79.4 


In two other trials using hot oxidation the acetone 
was collected only up to 59°. The yields were then 
smaller, but the product had the specific gravity of 
pure acetone. It therefore seems better to extend the 
acetone fraction to 60°, as the yield is higher and the 
purity still above 99%. In the directions given the 
quantity of dichromate is set at 45 g. somewhat ar- 
bitrarily in absence of definite data as to the effect of 
excess oxidant upon yield. 

The assistance of Dr. J. K. Simons and of Benjamin 
Einhorn in the trials reported above is appreciatively 
acknowledged. 





SELF-CLOSING LABORATORY VALVE 


D. T. ROGERS 
Rensselaer Polytechnic Institute, Troy, New York 


N THIS laboratory large quantities of sodium 
hydroxide (16 pounds of NaOH to make 20 liters of 
solution) are made up for student use. This 

alkali cannot be stored in aspirator bottles and siphons 
with rubber-tubing-pinchcock arrangements are fre- 
quently left open. The simple valve described in 
this article, made from ordinary soft steel, has proved 
quite satisfactory for this purpose. These valves have 
also been made from stainless steel which undoubtedly 
will prove much more satisfactory. As yet the valves 
have been used only on siphons but they will retain 
liquids at pressures up to 150 pounds per square 
inch. 

Figure 1 shows the exterior features of the valve. 
Part (A) of the valve handle encircles the siphon pipe, 
being held in place by the tension in the spring. Part 
(B) of the valve lever consists of a right-angled bend 
which strikes the pipe below the valve when the valve 
is fully opened and limits the movement to a quarter 
turn. This type of handle eliminates the usual pin- 
stop arrangement which is easily sheared off. 

In Figure 2, part (C) is the coiled spring which closes 
the valve. One end of this spring is embedded in the 
body of the valve, the other in part (F) in which the 
spring is contained. (D) represents a cross-section of 
the valve handle which goes through the valve core 
and (F), and which serves to hold the parts of the 
valve in place. The hole in the valve and (E) in the 


core are small so that if for any reason the spring does 
not return the core fully to its closed position, liquid 
will not escape. A washer (not shown in the diagram) 
is placed between (F) and the body of the valve. 
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FIGURE 1 


When the valve is used for alkali, the inner diameter 
of the pipe at the delivery end is reduced in size so that 
the pipe below the valve is always filled with liquid. 

The valves were made by A. Bigelman, 1314 Third 
Avenue, Watervliet, New York. 
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GAS GENERATORS 


SAMUEL H. LEBOWITZ 


Textile High School, New York City 


This paper describes the evolution of a device of con- 
venient size and form to be inserted in a gas delivery line. 
The apparatus is constructed wholly of metal and is ca- 
pable of preventing gas explosions from passing. A method 
of testing by which the efficacy of this, or similar, devices 
may be determined is detailed. 


++ + + + + 


T THE SUGGESTION of Mr. John A. Clark, 
Chairman of the Science Council of New York 
City, the writer undertook to develop a protec- 
tive device to prevent explosions of generators of in- 
flammable gases. Explosions of such generators have 
been more or less common in the past, when the 
issuing gases were ignited for experimental purposes. 
The consequences have been disconcerting to say the 





FIGURE 2 


a—Glass tube 
b—Steel wool 
c—Rubber stoppers 
d, e—Tubes carrying explosive mix- 


FIGURE 3 


a—Metal tube 
b—Steel wool 
c—Alkali-impregnated asbestos 
d—Rubber stopper 
e,f—Tubes carrying explosive mix- 
tures 


a—Test-tube 
b—Steel wool 
c—Rubber stop- 


per 
d,e—Tubes carry- 

ing explosive 

mixture 


least, and in many cases have resulted in permanent in- 
jury and even death. The desirability of such a device 
is, therefore, self-evident. 

Two methods of preventing explosions in the de- 
livery line, or at its end, from reaching the gas generator 
were considered. The first was to increase the velocity 
by passing the gaseous stream through a small orifice. 
It was thought that if gas velocity could be made to 
exceed the speed of flame propagation there would be 
no danger of explosion in the generator. The second 
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possibility was to design a piece of apparatus on the 
Davy principle. 

The first method of control was found to be im- 

practical because of the back pressure created, and 

therefore no experiments to 

test its efficacy as a means 

of preventing explosions 

were undertaken. Instead, 


FicurE 4 Me 
eS eee 
a—Metal tube ee a 
b—Copper gauze (80 mesh) 
c—Alkali-impregnated as- 
bestos 
d—Rubber stopper 
e,f—Tubes carrying explo- 
sive mixtures 


FIGURE 5 


a—Metal tube 

b—Metal (Monel, 
copper, etc.) 
gauze sol- 
dered to end 


the work was concentrated on the second system of 
prevention. 


EVOLUTION OF THE DEVICE 


The first apparatus constructed consisted of a test- 
tube fitted with a two-hole stopper and packed with 
steel wool as shown in Figure 1. Difficulty was found 
in effecting the packing in such a way as to avoid open- 
ings between glass and steel through which a flame could 
pass. 

The design was thereupon revised as shown in Figure 
2. This device operated quite satisfactorily when first 
constructed but subsequently acid fumes from the gas 
generator corroded the steel wool badly and prevented 
the apparatus from functioning. 

An additional material, ashestos impregnated with 
alkali, was then added alternately with the steel wool 
to absorb these vapors and prevent corrosion. Al- 
though they could be used, devices made in this way 
still had the following undesirable features. 


1. They would not function indefinitely due to the 
neutralization of the alkali and subsequent corro- 


sion of the steel wool. 
opnemef]0 
Be 6 € << 








Qa 


FIGURE 6 


a—Metal tube 
b—Monel metal gauze (80 mesh) ; 
c—Two views of end cap to hold gauze against tube 
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The packing of the tube with asbestos and steel 
wool in itself created an undesirable back pressure. 
There was always danger of breakage, since the out- 
side tube was made of glass. 

The size and weight of the apparatus required that 
it be supported in the delivery line by a ring-stand 
and clamp, thus complicating a set-up in the eyes of 
the students. A diagram of the apparatus in this 
form is shown in Figure 3. 


To overcome the faults of this form, it was decided to 
construct a much lighter one, eliminating the glass tube 
and the steel wool and sub- 
stituting a light-walled 
metal tube and copper wire 
gauze as the heat-dissipat- 
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TESTING THE DEVICE 


In order to determine the utility of each form of this 
device as it was developed, the apparatus shown in 
Figure 7 was used. 

A 1-liter Erlenmeyer flask, A, was equipped with a 
three-hole stopper carrying a thistle tube and two 
other tubes as shown in the diagram. Compressed air 
was blown into the flask simultaneously with the 
generation of hydrogen from a mixture of zinc and 
sulfuric acid. A safety device (each of these previously 
described) was inserted in the delivery line which led to 
flask B and from which 
the gas escaped to the at- 
mosphere. Flasks A and B 
were loosely stoppered and 
as a further precaution were 





ing medium. The asbestos 
was retained in the hope 
that it would help to pre- 
vent corrosion of the copper 
gauze, at least for a long 
period of time. 

Figure 4 shows this form, 
which operated very effi- 
ciently, and was used for 
some time. Tubes for con- 
structing it were made from 
old cork borers, a supply of 
which may be found in the 
scrap heap of almost any 
laboratory. 

In spite of the satisfac- 
tory character of form 4, 
the writer felt that further 
improvement was possible 
and, to that end, obtained samples of corrosion-resistant 
metals. Furthermore, he decided to abandon the con- 
struction requiring a stopper and large-diameter tub- 
ing and to lighten the device further. 

The final form which has been used for over a year 
is shown in Figure 5. It consists of a tube from a cork 
nope (other light-walled tubing would serve) 11/2” 

2” long, 1/4” to °/i6” in external diameter. To the 
tei of this tube are soldered pieces of 80-mesh Monel- 
metal gauze. This device is light and effective and may 
be inserted in the delivery line at any point. No 
corrosion of the gauze is evident after intermittent use 
for about a year. 

At present, work is going forward on a commercial 
form, a sketch of which is shown (Figure 6). In this 
form the gauze is readily replaceable and a variety of 
metals and meshes may be used as desired. 














e—Safety device 


FIGURE 7 


a—Generator for explosive mixture 
b—Explosion chamber 
d—Delivery of compressed air 


f—Delivery for test 


surrounded by cloths or in 
some experiments by wire 
screens. 

A flame was applied to 
the outlet tube, f. The de- 
vice was considered satis- 
factory when experiment 
showed repeatedly that the 
mixture in B was explo- 
sive—that is, when the 
stopper and attached tub- 
B ing were blown out of B 
without any effect in A. 

When this had been de- 
termined, bottle B was re- 
moved and the flame ap- 
plied directly at the end of 
the safety device. A series 
of pops, indicating explosion as the gases passed out 
and were ignited, showed that the mixture in A was 
still explosive. With these safety devices in the later 
forms, there was never an explosion in flask A. 
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The wisdom of God receives small honour from those vulgar heads that rudely stare about, and with a gross 
rusticity admire His works; those highly magnify Him, whose judicious enquiry into His acts, and deliberate 


research into His creatures, return the duty of a devout and learned admiration. 


Sir Thomas Browne 





CONVENIENT SOURCE of «> - 
ALPHA RAYS 
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DAVID L. COOK 


Wheaton College, Wheaton, Illinois 


A method of separating polonium from radioactive lead 
chloride by deposition on copper is described. Methods 
are also given for separating polonium from both glass and 
gold radon implant tubes. 


++ oe +o + 


HEN a strong and inexpensive ionizing agent 

is desired in research work, polonium suggests 

itself because of its rich production of alpha 
rays. Polonium is found in salts of radioactive lead, 
a by-product in the refinement of radium. It is also 
found as a decay product in radon tubes used in radium 
therapy. Polonium is a rare, radioactive element, 
having a half-life of one hundred thirty-six days. It is 
the last element in the uranium-radium series before 
coming to a stable isotope of lead. It has never been 
obtained in weighable quantities. Its presence is 
detected by its radioactive properties which are studied 
with an alpha-ray electroscope. 

When radon has been placed in a glass tube and radio- 
active disintegration has taken place for a few weeks, 
a quantity of polonium may be found. In'one year 
about 85% of the maximum or equilibrium quantity of 
polonium will be present. The tube may be broken 
and the polonium employed without removal from the 
glass walls. This method is satisfactory if beta rays 
from the radium D and radium E are not objectionable. 
If one desires pure alpha radiation, some method for 
separating the polonium from radium D and radium E 
must be found. 


POLONIUM FROM GLASS RADON TUBES 


If glass radon tubes are crushed in a mortar and then 
placed in a dilute solution of hydrochloric acid, a soluble 
chloride of polonium is formed (1). Since polonium 
stands below copper in the electrochemical series (2), 
the polonium may be obtained by replacement of copper 
in the following manner. 

A thin copper plate 3 by 1.5 inches is placed on a slant in a 
400-cc. beaker containing a powdered radon tube and 300 cc. of 
0.012 N HCl. A watch glass is placed over the beaker and the 
solution is boiled for one hour. Additional water may be added 
from time to time if necessary. 


If the radon tube originally contained as much as 10 
millicuries of radon, and has been aged for one year, a 
very satisfactory plate for work with an electroscope 
will be obtained. If the upper side of the copper plate 
be treated with Valspar varnish, the lower side of the 
plate where diffusion is the more rapid will receive about 


90% of the polonium, the remainder adhering to the 
varnished side of the plate and to the walls of the 
beaker. A small amount of radium E is brought down 
with the polonium but this becomes negligible on aging 
the plate for thirty days. 


POLONIUM DEPOSITED ON VARIOUS METALS 


Many metals were compared with copper as gatherers 
of polonium by the method described above. Silver 
and nickel were found to be about as good as copper for 
small concentrations of polonium, but copper was found 
to be best for the preparation of a strong plate. Nickel 
being higher than lead in the electrochemical series 
would thus bring down radium D, an isotope of lead. 
In this case, radium E with its attendant beta rays 
would be constantly present. Platinum gathers con- 
siderable polonium, but gold a very little. In general it 
was found that the more noble metals were less desir- 
able for this purpose than the less noble. 


COLLOIDAL POLONIUM 


Many observers have found polonium to be colloidal 
in basic and neutral solutions (3), while C. Chamie (4) 
and others have shown that in this state it forms in 
aggregates of a few thousand atoms. Both acidifying 
and raising the temperature of such a solution tend to 
break up the colloidal particles. 


POLONIUM FROM RADIOACTIVE LEAD CHLORIDE 


Radioactive lead chloride was obtained from the 
Union Minerales du haupt Katanga of Brussels for this 
research. When one gram of this salt was placed in 300 
ec. of 0.012 N HCl in a 400-cc. beaker and a copper 
plate was boiled with it for one hour, as in the case of the 
powdered radon tubes, a very good plate was obtained 
for electroscopic work. Many different acid concen- 
trations were tried but the one mentioned was the most 
satisfactory. 

Especially strong plates were made from radioactive 
lead chloride by boiling them successively in solutions 
containing 2.5 g. of the lead salt per 100 cc. of 0.012 N 
HCl. The plates increased in strength in proportion to 
the total amount of lead salt used until about 12 g. had 
been reached. Above that amount there was a con- 
tinually decreasing return. These lead salts are re- 
tained for future use. In one year after removal of 
polonium they will again have about 85% of the maxi- 
mum content of this element. 
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POLONIUM FROM GOLD IMPLANTS 


Radioactive lead salts are difficult to obtain in this 
country, but gold implants used in radium therapy are 
easily obtained at many large hospitals. Gold im- 
plants are being used a great deal in place of the small 
glass tubes, and they can usually be obtained at the 
price of scrap gold after they are a few days old. The 
problem of separating polonium from the gold capillary 
tubes in which it has been deposited is one of getting the 
gold and the polonium into a solution from which the 
gold may be precipitated, leaving the polonium behind. 

A suitable number of gold implants are placed in a 
crucible and treated with aqua regia until dissolved. 
The solution is then evaporated under a hood and the 
residue thoroughly dried over a water-bath. If the 
residue is over-heated the AuCl; breaks down to a flaky 
gold to which the polonium adheres. Several methods 
for separating the gold from the polonium in the residue 
were investigated but the following method was the 
only one that gave high efficiency. 

The dried residue is placed in a beaker with 250 cc. of 0.12 NV 
HCl. To this is added 50 cc. of a 3.7% solution of hydrogen 
peroxide. This is allowed to stand for 10 hours. In the mean- 
time the gold forms a plate on the inside of the beaker, leaving 
the polonium in solution. The solution -is now filtered. The 
filtrate is made slightly basic with NH,OH. It is then boiled to 
complete neutrality and afterwards enough HCl is added to make 
the solution .012 normal. The polonium may now be deposited 
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on copper as in the manner described for glass implants and radio- 
active lead chloride. 


Polonium deposited on copper in this manner adheres 
very firmly, resembling a true metal plate. When 
deposited on gold it is very easily rubbed off, implying 
mere adherence to the gold rather than replacement. 
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CORRESPONDENCE 


DANIEL RUTHERFORD AND THE DISCOVERY OF NITROGEN. CORRECTION 


To the Editor 


DEAR SIR: 

Mr. Ronald A. Martineau Dixon of Thearne, near 
Beverley, England, has kindly pointed out the omission 
of several words in the first quotation in my article on 
Daniel Rutherford |J. CHem. Epuc., 11, 101 (Feb., 
1934)]. This quotation should read as follows: “‘...a 
daughter, Anne, who married Walter Scott, Writer to 
the Signet, and became mother of Sir Walter Scott, 
Bart.’”’ Mr. Dixon has also explained that the titles 
“Sir’’ and ‘‘the Honourable Mr.” as applied to Cav- 
endish are incorrect, and that in England he is known 


simply as Mr. Cavendish. 


Dr. Leonard Dobbin of Blackshiels, Scotland, has 
kindly informed me that the Edinburgh University Li- 
brary has a copy of Daniel Rutherford’s M.D. thesis. 
The booklet “Edinburgh’s Place in Scientific Progress” 
which was prepared for the Edinburgh (1921) Meeting 
of the British Association by the local editorial com- 
mittee contains a critical review of this thesis by Dr. 
Dobbin. This booklet was published in 1921 by W. 
and R. Chambers, Ltd., Edinburgh and London. 


Sincerely yours, 
Mary ELvirA WEEKS. 


Tue UNIVERSITY OF KANSAS 
LAWRENCE, KANSAS 
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MATHEMATICAL PROBLEM PAGE 


Directed by PAUL C. CROSS 


Gates Chemical Laboratory, California Institute of Technology, Pasadena, California 


PROBLEMS 71-75 


OLUTIONS of the following problems will be 


given in the June issue. 


Raoult’s law for ideal solutions states that 
bp; = p; N;,, where p, is the partial pressure of 
component 7 over a solution in which the mol 
fraction of i is N,, and p;’ is the vapor pressure 
of pure liquid component 7 at the same tempera- 
ture. 


(a) Assuming a solution of CCl, and SnCl, to be 
ideal, what is the composition of the solution 
which boils at 100°C. and 747 mm.? Take 
the vapor pressures of CCl, and SnCk at 
100°C. as 1450 mm. and 500 mm., respec- 
tively. 

(b) What is the composition of the vapor which 
first boils from the solution described in part 


(a)? 


What is the total pressure of the vapor in equi- 
librium with a solution of CCl, and SnCl at 
100°C. in which the mol fraction of CCl, is 0.4? 


The partial pressure of a solid solute over a satu- 
rated solution is equal to the vapor pressure, "’, 
of the pure solid at the same temperature. Thus 
the solubility in an ideal solution is N2 = p'/p’, 
where ~’ is the vapor pressure of supercooled 
liquid solute at the given temperature. Assume 
that the Clausius-Clapeyron equations 


ding’ _ L’ dinp_ L’ 
dT RT? dT RT? 


are valid. L’ is the molar heat of vaporization of 
the liquid solute, and L’ is the molar heat of sub- 
limation of the solid solute. L’ — L’ = L/, 
the molar heat of fusion of the solute. At the 
melting point, 7, p° = p° and thus N,’ = 1 
Show that 


where L’/ is assumed constant, as a first approxi- 
mation. 


(a) Calculate the solubility at 25°C. of naphtha- 
lene, CioHs, in an ideal solution. The molar 
heat of fusion of CioHs is 4560 calories and the 
melting point is 353°A. 

(b) Compare the results of (a) with the solubility 
in benzene at 25°C., 67.5 g. CioHs per 100 
g. CeHse. 


From the results of problem 73 


dinN,_ L’ 


‘ee 


Let D=Lf+(C’ — CT, 


where C’ and C’ are the molar heat capacities of 
the liquid and solid, respectively. Derive an 
equation for log Nz which is theoretically more 
accurate than that of problem 73. 


SOLUTIONS OF PROBLEMS 66-70 


[J. Cuem. Epuc., 11, 252 (1934).] % 


d(cos ¢ + isin ¢) = (—sin ¢ + i cos ¢)d? = (¢ sin ¢ + 
ondbiah d(cos ¢ + sin ¢) roar 

cos @ +7sin¢d 

Integrating, In(cos ¢ + 7 sin ¢) = i¢ 

cos @¢ + ising = e’?. 





e-% = cos(—¢) + isin(—¢) = cos¢ — ising, 

ef + e- = cosd +ising +cos% — ising = 2 cos ¢, 
cos @ = (e# + ei) /2. 

Similarly e*® — e-? = 2isin ¢, 

sin @ = (ce — e-*#) /2i. 


(a) x +iy =rcos¢ +irsing = r(cos¢ +ising) = re# 
r? = x2 + y? r= (x? + y?)'/ 
tan @ = (y/x) = tan—(y/x). 
(These equations are obviously those fot transforming 
Cartesian codrdinates to polar codrdinates.) 

(b) (cos¢ + ising)" = (e)" = ef" = cosng +4sin nd. 


69. 


70. 
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eif-e9 — cit) = (cos ¢ + isin ¢)(cos 6 + 7 sin @) 

= cs ¢ cos @ — sing sin @ + (sin ¢ cos 6 + cos ¢ sin 6)4 

But e#+9) = cos(¢ + 6) + zsin(¢ + 8) 

Equating the real parts of the two expressions for e*(¢+®) 

cos(¢ + 0) = cos ¢ cos @ — sing sin 0. 

Equating the coefficients of 7 in the imaginary parts, 

sin (¢ + @) = sing cos @ + cos¢ sin 8. 

(a) The proof that ¥ + y is real is trivial since all factors 
involving 7 are obviously canceled in the sum. Simi- 
larly y — y is a pure imaginary number since all fac- 
tors not involving 7 are canceled. 

Write y = re’? and y = re~*#. 

reib-.re-id = pre (9-9) r2e0 = 7? 

y? = (rei#)2 = r2e% = 72(cos 2¢ + i sin 2¢) 

Thus yy = r? will be equal to y? when cos 2¢ = 1 and 
sin 2¢ = 0, 4.e., when ¢ = mx, n = 0,1,2,.... 

This is equivalent to saying that yy = y? only when 
y is real, andy = y. 
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KEEPING UP WITH CHEMISTRY 


Children of depression. Chemistry in 1933. Ind. Eng. 
Chem., 26, 3-10 (Jan., 1934).—The major part of this review is 
devoted to an exhibit at the Exposition of Chemical Industries 
displayed under the title, ‘‘Children of Depression.” This ex- 
hibit contained over a hundred items new or essentially improved 
as a result of research, and commercialized during, because of, or 
in spite of the depression. Out of over 800 subjects these were 
selected on the basis of novelty, research parentage, and commer- 
cialization. ‘‘One might characterize the materials included in 
the exhibit as results of several distinct factors: more complete 
utilization of existing resources as typified by iodine from Cali- 
fornia brines and synthetic ethyl alcohol from ethylene; elabora- 
tion of purely scientific discoveries on a commercial scale as in 
the synthesis of numerous new materials, including synthetic 
rubber from vinyl compounds and a number of new therapeuti- 
cally important compounds; and finally a large group of materials 
developed primarily to meet specific needs either directly or in- 
directly based on the depressed state of business, illustrated by 
a synthetic drying oil to increase the resistance of wooden chemi- 
cal equipment to destructive agencies, and a paint cleaner which 
performs a function practically equivalent to repainting at a frac- 
tion of the cost and labor. This exhibit assumes importance 
primarily as demonstrating that research, never an overwhelm- 
ingly large item in industry’s budget, may _easily become the 
prime factor of safety when the failure or shrinkage of customary 
markets endangers enterprises.” A brief description of each ex- 
hibit is given. Other advances are the study of hydrogen of 
atomic weight 2 and the discovery of the positron, which is a posi- 
tive charge of the approximate mass of the electron. D. C. L. 

Laminated safety glass. G. B. Watkins AND W. D. Har- 
Kins. Ind. Eng. Chem., 25, 1187-91 (Nov., 1933).—The art of 
laminating glass goes back to 1885 when a patent was obtained 
for the manufacture of panes of glass for church windows. Safety 
glass as we know it today originated in 1905 in a patent for ce- 
menting a sheet of transparent celluloid between two plates of 
glass with Canada balsam. This idea was first capitalized in 
1910 in the product “Triplex” using gelatin in place of Canada 
balsam. This industry received an enormous impetus during the 
war when this glass was used in airplanes, automobiles, and gas- 
mask lenses and goggles. Later it was found that ‘much re- 
search and development would be necessary to develop a product 
in which the life of the plastic should equal that of the glass. 

The laminating process is now continuous. The plastic ma- 
terial is some cellulose derivative, which is fastened to the glass 
either by the use of an adhesive, or by softening the sheet with a 
solvent or plasticizer, and bonding by heat or pressure. Care- 
ful control of moisture and solvent content must be maintained 
to avoid bubbles at higher temperatures. Sealing the edges is 
necessary to prevent gain or loss of moisture with subsequent 
contraction and expansion. Strength of the glass is tested by 
dropping a half-pound steel ball on a one-foot square of glass. 
A fall of 2.5 feet will break ordinary !/;-inch plate glass but a 
drop of 6 feet is necessary to crack laminated glass, which will 
then still retain its rigidity. Recent developments indicate that 
cellulose acetate is exceedingly stable to light and heat and al- 
most as clear and transparent as ordinary glass. | A Ree, Oar 

The biology of heavy water. G.N. Lewis. Science, 79, 151- 
2 (Feb. 16, 1934).—Tobacco seeds failed to germinate in heavy 
water, half germinated subsequently in ordinary water but pro- 
duced abnormal and sickly growths which soon died. Microér- 
ganisms failed to grow in heavy water and the rate of fermenta- 
tion by yeast is greatly inhibited. Flat worms became inactive 
after two hours in 90% heavy water. One half failed to revive in 
ordinary water after four hours in the heavy water. A young 
mouse showed distress upon being fed a little 71% to 90% heavy 


water, but survived. Lewis concludes vital processes are in- 
hibited by high concentration of heavy water but that it is not 
G W 


greatly toxic. ee. W. 
Metal roads. Anon. Ind. Bull. of Arthur D. Little, Inc., 
86, 2 (Feb., 1934).—European steel makers are attempting to 
find a type of steel reénforcement which is particularly adapted to 
new macadam roads and another for repairs. Zigzag grilles 
and ribs are now being tried out in Germany, Poland, and Czecho- 
slovakia. For new construction iron grilles, weighing about fifty 
pounds per square yard, are anchored to the gravel bed, welded, 
or bolted together, and then covered with about two inches of 
asphalt and fine gravel. The idea has been tried to a certain 
extent in this country, and American companies are watching 
these tests in Europe with interest; and if they are feasible, steel 
production will not remain at its 35% capacity or thereabouts. 


G. O. 

On making gold. Anon. Jnd. Bull. of Arthur D. Little, 
Inc., 86, 3-4 (Feb., 1934)—Transmutation was the desire of 
every alchemist. Today the bridge is crossed: there is such a 
thing as transmutation of the elements. Spontaneous transmuta- 
tion occurs in radioactive materials, but no radioactive trans- 
formation produces gold, platinum, or any other noble metal. 
Recently, it has been found that if protons (hearts of hydrogen 
atoms) are given a very high velocity by exposing them to the 
accelerating influence of an electric potential of hundreds of thou- 
sands of volts, these particles act as bullets which can be shot at 
other atoms, to cause changes in the atomic mass. So far the 
only atoms which have been ‘‘created’’ are the more common ones 
of small mass. Transmutation is in perfect harmony with the 
principles of modern science. But what may be expected of it? 
The first result will be vastly increased knowledge of the atom. 
From that will come chemical and electrical advances; but no 
metal gold, for a while at least. G. O 

Foam fire-fighting methods: past, present, and future. 
SIMONIS. 


‘HLS. 
Chem. & Ind., 52, 957-8 (Dec. 1, 1933).—The old 
method of preparing the foam for fire-fighting was to mix a solu- 
tion of aluminum sulfate with a solution of sodium bicarbonate 


and some stabilizing agent such as saponine or licorice. The 
modern method consists in mechanical preparation of the foam 
from saponine solution by means of compressed air. There are 
many obvious advantages in the latter method, chief among 
which we find low cost, increased stability of the foam, and de- 
creased corrosive action. E. R. W. 

The utilization of wood for the production of foodstuffs, alcohol, 
and glucose. F. Bercius. Chem. & Ind., 52, 1045-52 (Dec., 
29, 1933).—In countries in which wood is obtainable in large 
quantities, such as Canada and the northwestern part of United 
States, it is possible to produce wood sugar more cheaply than 
cane sugar is produced in the tropics. This wood sugar may be 
used directly as a cattle food or it may be used as a source of yeast 
and glucose for human consumption. Some of the details of 
the possible processes are discussed in the article. E.R. W. 

Controlling atmospheric conditions in rayon production. 
J. A. Lee. Chem. & Met. Eng., 41, 60-3 (Feb., 1934).—In the 
viscose process for making rayon air-conditioning is essential 
throughout much of the process. A low temperature must be 
maintained where the soda-cellulose and viscose solution are 
aged. Both humidity and temperature must be controlled in 
the spinning, twisting, bleaching, drying, and finishing depart- 
ments. All air for the drying must be dust free. Hydrogen sul- 
fide freed during the spinning in an acid coagulating bath must 
be removed from the room. The moisture content of the air 
must be kept at a maximum of 10% in the finishing room where 
the rayon is inspected and skeined. Even the storage and ship- 
ping rooms are conditioned. J. W. 
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APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Unusual demonstration experiments. J. O. FRANK AND G. J. 
Bartow. Sch. Sci. & Math., 34, 72-6 (Jan., 1934).— Three 
striking experiments: the swinging watch; a magic wand (static 


electricity and its influence on a fine spray of water); and the 

slow development of a deep blue color, from two colorless solu- 

tions (iodic acid and sulfurous acid, and starch) are described in 

Readers are asked to contribute similar rn 
H 


detail. 


Cesium salts as reagents in inorganic matters. H. YAGopA. 
Chem.-Analyst, 23, 4-6 (Jan., 1934).—Cesium forms a variety 
of double and complex salts with salts of other metals. In 
many cases these salts have characteristic colors or easily recog- 
nizable crystalline forms. Whenever a K salt is difficultly solu- 
ble, the Cs salt is usually more so. Methods are described for 
the identification of Al, Sn, Be, Co, In, Pb, Pt, Rh, Si, Na, Te, 
Sn. By... LE. 

Color measurement. G.S. Fawcett. Chem. & Ind.,52, 1005- 
7 (Dec. 15, 1933)—By means of the Lovibond tintometer and 
the series of red, yellow, and blue glass slides which make up the 
Lovibond color scale, it is possible to match and record any color 
in terms of available and reproducible standards. Differences 
in hue, in saturation of color and in brightness may be accurately 
described with the aid of this outfit. 


Drying gases by absorption. J. H. Perry Anp H. C. Duus. 
Chem. & Met. Eng., 41, 44-7 (Feb., 1934).—Technical methods 
of drying gases are by (1) absorption, (2) adsorption, (3) refrigera- 
tion, (4) isothermal compression and expansion. This article 
discusses the absorption method, giving new data on the partial 
pressures of water over aqueous phosphoric acid solutions. It 
also gives pertinent available vapor-pressure data for the three 
liquid drying agents sulfuric acid, glycerin, and phosphoric acid; 
solid drying agents; and saturated aqueous solutions of pure 
chemicals and of reciprocal salt pairs. J. .We Et. 

An electric tongue. ANon. Ind. Bull. of Arthur D. Little, 
Inc., 86, 4 (Feb., 1934).—And now comes the electric tongue, a 
compact low-cost little instrument called ‘‘Electrynx.’’ The 
purpose of this electrical instrument is to indicate the acidity or 
concentration of weak solutions such as saliva, fruit juices, or 
blood. It may be useful in grading fruits and vegetables, test- 
ing the hardness or salinity of water, the acidity of beverages and 
petroleum products, or controlling food and dairy products. 
The variations are indicated on the instrument dial motivated 
by the difference in potential of two electrodes of different metals 
which are placed in an electrolyte. G. O. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


New data on chemical raw materials for process industries. 
Chem. & Met. Eng., Supplement, 41 (1934).—This supplement 
contains data on Production, Imports, Exports, and Average 
price per pound for the years 1923, 27, 29, 31, 32, 33 for sixty- 
two chemicals. Very valuable data for use in industrial chem- 
istry courses. J. W. Hi. 

The ammonia system of compounds. H. WoLTHORN. Sch. 
Sct. & Math., 34, 65-71 (Jan., 1934).—This is a very concise, 


clear, and helpful exposition of the topic. It is a second paper 
on the subject and continues the demonstration that just as a 
large a number of inorganic and organic compounds may be 
thought of as derived from water, so there is a similar system of 
compounds from ammonia. The paper is well supplied with 
reactions and their equations involving the interaction of inor- 
ganic and organic compounds, and liquid ammonia. 
.H.G. 


HISTORICAL AND BIOGRAPHICAL 


Browne’s ‘‘Hydriotaphia” with a reference to adipocere. 
W. H. Barnes. Isis, 20, 337-48 (Jan., 1934)—Sir Thomas 
Browne’s “Hydriotaphia, Urne-Buriall, or, a Brief Discourse 
of the Sepulchrall Urnes Lately Found in Norfolk,’ first printed 
in 1658 and probably written two years earlier, makes mention 
of a “fat concretion,” “coagulated large lumps of fat’’ of ‘‘the 
consistence of the hardest castle-soap” which was found “in a 
Hydropicall body ten years buried in a Church-yard.”’ This is 
probably the earliest reference to the material which Fourcroy 
observed in 1786 when the Cimetiére des Innocents at Paris was 
cleaned out. He studied the substance and named it “‘adipo- 
cere.”’ It consists almost entirely of insoluble fatty acids left 
after the slow hydrolysis of the fats in the wet ground, and con- 
tains hydroxy-stearic acid derived from a portion of the oleic 
acid in the original fat by hydration. ‘hs Kan, Ee 

Lavoisier’s early work in science. 1763-1771. PartII. A.N. 
MeEtprum. Isis, 20, 396-425 (Jan., 1934).—In May, 1769, 
Lavoisier produced his memoir on the Nature of Water in which 
he showed that water is a stable substance, constant in its proper- 
ties, that it dissolves glass, and that it is not convertible into 
earth. After this his output diminished, and he did not resume 
scientific work in earnest until the year 1772 when he began to 
study the chemical changes by which gases are absorbed and 
produced and to investigate the phenomenon of combustion. 

Much of Lavoisier’s early work was not of high intrinsic value. 
He dallied with the thought of publication, but was restrained by 
a fastidious judgment. ‘‘Of all his work up to the end of the 
year 1771 he published only the first memoir on Gypsum and the 
memoir on the Nature of Water. He witheld the essay on 
Lighting, the second memoir on Gypsum and the work on Hy- 
drometry although all these had been passed for publication at the 
Académie des Sciences.” 

Of Lavoisier’s early work, that on hydrometry is by far the 
most important, both for itself and because of its relations to his 
other investigations. He found, for example, that lime water is 
of greater density than water but that, on treatment with carbon 
dioxide, it yields a liquid which is of substantially the same den- 
sity as water. He passed carbon dioxide into a solution of so- 
dium hydroxide and found that the density of the solution in- 
creased. On adding slaked lime gradually to the solution of the 
carbonate, the density of the liquid was gradually reduced. He 


wished to accumulate evidence that phosphorus on burning 
combines with something from the air. He burned phosphorus, 
let the product deliquesce, and brought the resulting liquid to 
a convenient volume. Knowing the weight of this liquid, de- 
ducting the weight of its own volume of water, deducting the 
weight of the phosphorus, he concluded that the phosphorus, 
154 grains, had attracted during the combustion at least 89 
grains of another substance. ‘‘This substance,” he wrote, ‘‘could 
not be water, because water would not have increased the specific 
gravity of water: it was then either the air itself or another elas- 
tic fluid contained, in a certain proportion, in the air that we 
breathe. This last experiment seems to me to be so conclusive 
that I do not see on what grounds it could be attacked.” 
T..L.-D. 

Mendeléef (1834-1907) and the periodic law. Nature, 133, 
161 (Feb. 3, 1934)—-The Centenary of Mendeléef. Dmitri 
Ivanowitsch Mendeléef was born on February 7, 1834, and was 
for many years professor of chemistry in Leningrad. 

His name is generally associated with the law that ‘‘the proper- 
ties of the elements are in periodic dependence on the atomic 
weights.” This was discovered in 1868, and the first German 
abstract of the work appeared in 1869; a long paper in 1871 gave 
a table which is essentially modern in its form. 

The discoveries of elements from gallium to hafnium, the recog- 
nition of isotopes, the atomic numbers of Moseley, etc., gave the 
periodic law a fundamental character, and ‘‘the theory of atomic 
disintegration enabled all the newly discovered radioactive ele- 
ments to find their places in the lower part of the table.” 

In short, the periodic law has assisted very materially in pro- 
moting discovery, and has shown itself to be a truth of great 
extension and depth. ' ) fF A) 

Colloid chemist. R. SzymaNnowitz. Chemist, 10, 305-7 
(Nov., 1933).—A story of Edward G. Acheson’s graphite re- 
search. Acheson was the first to explain the formation of the 
deltas of the Mississippi River as being due to the electrolytic 
precipitation of colloidal soil particles which had been formed by 
the deflocculating action of organic matter in the water on the 
soil through which it flowed. By making use of this theory he 
was able to devise a method for the treatment of graphite so 
that the particles could be bound together in the construction of 
articles. He also devised methods of dispersing graphite in oil 
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and in water, each type of dispersion having important a 


uses. R. W. 

Medieval glass. Nature, 133, 181 (Feb. 3, 1934) —This is 
from an account of chemical analyses of French window glasses of 
the twelfth and thirteenth centuries. The glasses contain less 
silica and more alkali (K and Na) and alkaline earths (Ca and 
Mg) than modern glass—an average being: silica, 70%; alkali 
(as Na), 17%; andlime, 13%. They are, therefore, more fusible 
and more readily affected by moisture and carbon dioxide from 
the atmosphere. 

The glass had been decolorized by the addition of pyrolusite, 
and the colors were caused by metallic oxides. Thus the red was 
due to cuprous oxide; the blue to cobalt, with traces of cupric 
oxide (the grey tone being caused by the presence of nickel). 


JouRNAL OF CHEMICAL EDUCATION 


The yellow contained antimony oxy-sulfide, with some ferric 
oxide; the violet, oxide of manganese; and the green, cupric 
oxide. The cobalt ores came, doubtless, from Saxony, — the 
other minerals are native in France. 
Chemistry at Tech. T.L. Davis. Chemist, 10, 211-9 7 
1933).—The first professors of chemistry at the Massachusetts 
Institute of Technology were Francis H. Storer and Charles W. 
Eliot, former students of Josiah Parsons Cooke at Harvard in his 
first chemistry classes in 1858. From the start in 1865 the Insti- 
tute has operated on the principle that each student should ex- 
periment for himself in the laboratory, and that the teaching of 
research is best accomplished by the practice of it. The names 
of some of the men who have played important réles in the de- 
velopment of the department are mentioned. E. R. W. 


EDUCATIONAL MEASUREMENTS AND DATA 


Predicting the success of college freshmen. J. H. Epps anp 
W. McCati. J. Educ. Research, 27, 127-30 (Oct., 1933).—An 
account of a study prompted by a desire to investigate the rela- 
tive value of three available criteria as bases for predicting suc- 
cess in college. Data were obtained from 85 college freshmen. 
Otis Group Intelligence Scale, Form A; Cross English Test, 
Form A; and transcripts of high-school marks were used. The 
results encourage the following conclusions and recommendations: 
(1) Other things considered equal, it was possible to predict col- 
lege marks to the extent of R.(123) = 0.81 when high-school 
records, intelligence, and English ability were used as criteria. 
(2) When criteria were considered separately, high-school marks 
were 0.15 correlation point better than English test results in 
college prognosis. (3) The records evidenced that there was little 
attempt at objectivity in administering and scoring examinations 
on the part of both college and high-school instructors. The fol- 
lowing recommendation is made: that there be adopted some 
uniforzi and objective basis for scoring and the notion adhered 
to by many, that the subject matter must be adjusted so that 
“B” is an average grade, be abandoned. a. G. 

Why some students do not elect chemistry. C. Orro. Sch. 
Sci. & Math., 33, 996-8 (Dec., 1933)—Data obtained were 
taken over a period of 12 months from senior students in a state 


teachers’ college. A previous study had shown that approxi- 
mately one half of the graduates of the institution had studied 
chemistry either in high school, college, or both. The results of 
371 replies to the question, ‘‘Why have you not studied any chem- 
istry in college?” are summarized as follows: (1) There are some 
valid reasons for the students not studying chemistry. (2) The 
outstanding feature of the replies was general lack of any ex- 
pressed desire for well-rounded knowledge, development of per- 
sonal capacity through individual effort, or interest in the nature 
of the world in which we live. (3) The students showed rather 
definitely that they know what they are trying todo. Many of 
them are taking the easiest route toward graduation and a license 
to teach and frankly admit it. Whether or not one likes their 
methods, the definiteness of their objectives must be admitted. 
(4) Faulty mathematical preparation iscommon. (5) Numerous 
students are not able to take full advantage of their college op- 
portunities due to lack of funds. (6) No doubt some successful 
chemistry students are lost through lack of understanding of the 
work, finances, and other reasons. (7) The principal reason why 
students avoid chemistry is because it is a man’s-sized subject 
and they do not care to put out what it takes to master = 
ye G: 


PROFESSIONAL 


The education of a chemist. C. D. INGERSOLL. Chemist, 
11, 13-5 (Jan., 1934).—The education of a chemist should include 
training in industrial sociology as well as the usual technical 
courses. In these courses the elements of commonplace mis- 
conceptions, deception, and social strategy which he will meet 


in his profession as a chemist should be presented. This train- 
ing would tend to correct for the fact that modern scientific 
courses do not prepare the student to fit in with our modern 
social structure. E. R. W. 


GENERAL 


Trend in engineering education. A. A. Potter. Sch. Sct. 
& Math., 34, 58-64 (Jan., 1934) —-The average American is 
anxious to afford the youth of our country such educational ad- 
vantages as will enable them to discharge most effectively their 
obligations as citizens. Those interested in living intelligently 
and happily in the present civilization must have an understand- 
‘ing of science and of engineering. This year millions of people 
visited the Exposition, ‘“‘A Century of Progress,” and showed 
great interest in things scientific. Science and engineering are 
absolutely interdependent and the future progress of one depends 
upon the other. Engineering colleges have a great responsibility 
to meet the demands of our times. Teachers of science and 
mathematics in our secondary schools must coéperate. The 
Engineers’ Council for Professional Development has a definite 
program focused upon the educational preparation of the a: 

H 


J. H. G. 

Favorable outlook for foreign trade in chemicals. C.C. Con- 
CANNON AND A. H. SwiIrFT. m. & Met. Eng., 41, 10-3 (Jan., 
1934).—Continued evidence of peti world economic recovery 
and foreign trade improvement is apparent. Stocks generally 
throughout the world have been depleted and with betterment in 
textile, soap, and other chemical-consuming industries, large 
demand for industrial chemicals resulted. Artificial barriers 
which become very popular in 1933, particularly in Europe, such 
as quotas, licensing systems, exchange restrictions, and the like 
had little effect on total chemical exports; wherein the export 
trade of one country in one commodity might be affected ad- 
versely, another commodity was favored. 

During the first eleven months of 1933 the U. S. exports of 


chemicals and allied products reached a value of $96,700,000.00 
compared with $95,300,000.00 for 1932. Imports increased 
$5,800,000.00. Recognition of Russia is not expected to affect 
materially U. S. exports of chemicals as Russia appears-to be in- 
terested chiefly in machinery to build up domestic ee 

J. W. H. 


How the chemical revolution changes foreign trade. G. B. 
Roorsacu. Chem. & Met. Eng., 41, 78-80 (Feb., 1934).—Not 
only in volume has trade increased with scientific advances, but 
in its variety and geographical distribution. As far as foreign 
trade is concerned science giveth and science also taketh away. 
The factory, in response to new chemical improvements, is dis- 
placing the Chilean nitrate deposits. Natural indigo has nearly 
vanished in competition with the synthetic product. Alizarin 
has displaced the madder plant; viscose is taking the place of 
silk, wool, isinglass, and paper. But synthetics are not lowering 
the volume or narrowing the distribution of foreign trade. As 
science brings out new, better, and cheaper products international 
trade increases in extent, volume, variety, and urgency. The 
synthetic industries themselves set up flows of trade, both import 
and export, that counterbalance or overbalance the declines in 
trade resulting from the supplanting of natural products. They 
often aid in the development of new localities which can best 
supply their raw materials. 

With the increasing importance of coal as a raw material and 
source of power regions with an abundant and readily available 
supply are in an even more preferred position for industrial domi- 
nance than heretofore. J. W. H. 





RECENT BOOKS 


A First Boox IN Cuemistry. Robert H. Bradbury, Ph.D., 
formerly Head of Science Department, South Philadelphia, 
Pa. High School. Third edition. D. Appleton-Century 
Co., New York City, 1934. x + 633 pp. 315 Figs. 1 Color 
plate. 12.2 X 20.2cm. $1.80. 


Friends of Bradbury’s “First Book in Chemistry’ will be 
pleased with the format, binding, and general all-around sturdi- 
ness combined with attractiveness of the third edition. [For 
a review of the first edition see J. Coem. Epuc., 3, 1347-8 (Nov., 
1926).] The new illustrations, waterproof cover, larger page- 
size, and added topics enhance the appeal of this text for second- 
ary schools. The information contained in the book seems almost 
encyclopedic in detail at places; so the requirements of the more 
important syllabi have been met adequately by the subject 
matter. The author has been a consultant in industrial chemistry 
as well as a teacher in high school and college. He therefore 
draws on much experience. 

The feature of the book is the consistent reference to and 
dependence on electron explanations of chemical activity. 
The idea of the electron is introduced on p. 18 and the concept 
gains momentum as the theme is developed, culminating in the 
final chapter on radium. The chapters are summarized by search- 
ing questions. Thought exercises and numerical problems 
in plenty are added also. 

Among the modern features of the book one notices in addi- 
tion to consistent electron and proton description an early 
introduction to colloids, the discharge of OH + ¢ ions at the anode 
in the electrolysis of water, solvation and the formation of H — e, 
explanation of the reason for the chemical activity of nitrogen at 
different temperatures, a description of the manufacture of 
flat-drawn glass, detailed description of the chemistry of fluorine, 
many low-temperature phenomena described, cosmic rays men- 
tioned, crystalline vitamins recorded as commercial products, 
and mention of the Einstein theory as it applies to the relation- 
ship of energy to matter. 

Some inaccuracies get into any completely revised work. 
Those noted are given in the hope that their listing will increase 
the usefulness of the text. p. 18—Boyle’s name is misspelled. 
p. 84—“‘for’’ lacks a letter. p. 181—(Fig. 77) should include the 
date of death of Theodore Richards. p. 207—‘‘depression” 
should be elevation. p.220—N should be Ne. p. 254—Fig. 554 
is given instead of Fig. 292. p. 257, ex. 8—nitrous acid is given 
for nitrous oxide. p. 278—the top line obviously doesn’t refer 
to Fig. 139. In fact, no apparatus for the laboratory preparation 
of carbon dioxide is sketched. p. 318—sulfides is given for 
sulfites. p. 357—the last line has an extra comma and a dis- 
arrangement of page references. p. 486—the “fluoride” of line 6 
should be fluorine. 

The style of the author is, in general, clear exposition. Some- 
times a charming picture is presented, as for example the elec- 
trons ferrying across between electrodes on their ions, the 
“fishing”’ out of salt crystals, and the skunk as the first exponent 
of chemical warfare. At other times the clarity is obscured by a 
confusing placement of adverbs. Inaccuracies of statement such 
as “the formula contains an atom” (p. 135), “the percentage 
composition can be read directly from the formula’ (p. 136), 
“‘mix”’ used in the sense of combine (p. 191), the use of ‘‘solution’’ 
in two different senses in adjacent sentences (p. 73), and salts 
“contain” acids (p. 196) confuse the beginner. Simplifying 
the first few chapters and introducing fewer technical terms 
would encourage those “‘average”’ pup.ls who are approaching the 
subject of chemistry with mental reservations. The errors are 
on the whole secondary and should not detract from or unduly 
cover the real value of the book. Most indefinite is (p. 309) 
“A trace of hydrogen sulfide escapes when a boiled egg is 
opened even though the egg be perfectly fresh, Which explains 
the fact that the bowls of silver spoons become tarnished when 
boiled eggs are eaten with them.” 


The modern aspect of the text is somewhat betrayed by a cut 
of an old-type electric light bulb (Fig. 3) and the failure to men- 
tion anything but celluloid as a basis for photographic films. 
Overbalancing these is the mention of rubber-lined tank cars, 
salt lenses for infra-red light, “hypo” ice in Hollywood, the 
comparison of the iron atom to a grand piano, the explanation 
in terms of electrons of why metals conduct and non-metals do 
not, and the submicroscopic crystalline nature of so-called amor- 
phous matter. 

Slight inconsistencies are as follows: the proof of diatomic 
molecules assumes a formula which has not been proved (par. 
109-11); in the preparation of hydrogen peroxide (p. 142), 
barium phosphate does not coincide with the elements given 
in par. 80; the designation of the ‘‘-ide’’ (p. 197) endings leaves 
hydroxides an unaccounted exception; coal is ‘“‘burned’’ to coke 
(Fig. 132); “2Ag + H.S —» AgeS + Hy” (p. 313) successfully 
evades the electromotive series without explanation; hydrates 
start without using the customary dot, yield falteringly, and end 
in the usual manner with the dot; Alaska is given as in the United 
States; and Fig. 315 doesn’t correspond with the figures given 
in the adjacent text. 

A more decided separation of the pairs of halftones would aid 
clarity (esp. pp. 174, 265). Boyle’s and Charles’ laws are given 
without the customary cautions about temperature and pressure, 
respectively. The law of multiple proportions is presented with 
more explanation than usual. This is a step in the right direction 
for this law is understood by a few good pupils only, even after 
many illustrations. Some will be confused by a column labeled 
“Ratio” (p. 95), which is a series of single integers. The topic 
of valence comes after the explanation of how to use formulas 
and how to write equations. The reverse order has pedagogical 
merit. A discussion of equilibrium and methods of breaking up 
this condition is placed in the chapter on nitrogen compounds. 
This chapter is already crowded and is one of the most difficult 
for pupils to master. Soaps and fats is a difficult topic for a be- 
ginner in organic chemistry. The inclusion of an equation for 
the soap-making reaction would clarify the text description. 
The topic of foods deserves more adequate and unified treatment, 
for here is a chance for the pupil to make daily practical applica- 
tions of chemistry. No mention is made of alcoholic beverages, 
a topic on which constructive education is ever desirable. 

A fascinating description of diamonds will captivate the reader. 
Gold is treated early as an element with one outer electron. 
This is interesting because some of our pupils will remember 
having seen gold money. Weird crevices in the earth, the effects 
of chemicals on the body, industrial hazards from chemicals, 
the chemistry of explosives, cautions against self-medication and 
propaganda for same are topics which conspire to produce a 
stimulating and informative volume. 

The author is an optimist, for he réceommends a radiator anti- 
freeze mixture which freezes at —23.6°C. (—10°F.). 


ELBERT C. WEAVER 
BULKELEY HiGH SCHOOL 
HARTFORD, CONN. 


MOopERN THERMODYNAMICS BY THE METHODS OF WILLARD GIBBS. 
E. A. Guggenheim, M.A. With a preface by F. G. Donnan, 
C.B.E., F.R.S. Methuen & Co., Ltd., London; E. P. Dutton 
& Co., Inc., New York City, 1933. xvi + 206 pp. 10 dia- 
grams. 14 X 22cm. $3.50. 


The book is a scholarly treatise, containing important original 


contributions to applied thermodynamics. It is not intended 
as an introductory text. The author refers beginning students 
to a more elementary book such as that of Planck for a full 
discussion of the first and second laws. Neither is the book 
a treatise on chemical thermodynamics; there are no detailed 
examples of equilibria in gases; recent experimental studies of 
electrolytic solutions are scarcely mentioned; and the experi- 
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mental basis for the third law is not discussed. The word 
“modern” in the title refers to the inclusion of such concepts 
as the activity coefficient introduced by G. N. Lewis in 1901 
and the osmotic coefficient proposed by Bjerrum in 1916. 

Fundamental concepts and important definitions are treated 
at length and with much care. Precision of thought is the domi- 
nant characteristic of the book. Especially fine are the chapters 
dealing with surface equilibria, equilibrium in the gravitational 
field, and electrochemistry. 

Students of thermodynamics usually find it desirable to read 
at least two treatments of fundamental parts of the subject. 
Guggenheim’s book will prove an excellent second book for those 
studying chemical thermodynamics. The differences in view- 
point and in some important definitions should amplify and clarify 
a number of subjects. Unfortunately, students will meet a 
serious obstacle to their use of the book. Guggenheim’s set of 
symbols differs from all others now in use. In the reviewer’s 
opinion the choice is unwise. The symbols of Lewis and Randall 
are now being used so extensively in the chemical literature of 
the world that, whenever possible, they should be adopted as the 
conventional mode of expression. The special symbol used to 
represent the chemical potential is especially unfortunate. 
The reviewer can find no good reason for the adoption of a special 
symbol to conceal the equality of the chemical potential and the 
partial molal free energy. 

There seems to be more reason for the departure from the 
customary definition of the activity coefficient of the solute in 
an aqueous solution. The difference may be very instructive 
for alert students. Indeed Guggenheim’s definition, which is 
consistent with Lewis and Randall’s treatment of non-aqueous 
solutions might be generally acknowledged to be the best. It 
has been the habit, however, for chemists to express equilibrium 
constants in units which are not compatible with this definition, 
and it will, therefore, prove very awkward for application to 
existing data. 


In spite of some obvious defects, the book is a valuable con- 
tribution which the reviewer recommends -for the library of 
every serious student of chemical thermodynamics. 


T. F. Younec 
THE UNIVERSITY OF CHICAGO 
Curcaco, ILLINOIS 


ELEMENTARE EINFUHRUNG IN DIE QUANTENMECHANIK. Dr. 
Karl K. Darrow, Bell Telephone Laboratory, New York City. 
Translated from English into German by Dr. E. Rabinowittsch. 
S. Hirzel, Leipzig, 1933. iii +123pp. 14.5% 22cm. Paper 
cover, Rm. 6. 


This little book presents the fundamentals of quantum me- 
chanics in a way that should appeal particularly to chemists. 
The author is well known for his ability to remold the essentials 
of an abstruse subject into a form that is for the average chemist, 
physicist, or engineer not only informative but actually usable. 
Chapter I opens with discussion of the nature of waves and the 
mechanical treatment of them, based on algebra, trigonometry, 
and calculus familiar to everyone. This is followed by a section 
on the way in which the wave and particle aspects of light lead 
to a wave particle theory of matter. The chapter concludes with 
a few pages on the uncertainty principle and the meaning of a 
wave function. Chapter II takes up the features of atomic spec- 
tra which suggested the use of matrices for describing atomic 
behavior. It is shown how the quantum principles are coupled 
to the matrix calculus and a few examples are given of the use of 
this powerful but rather abstruse mathematical tool. The book 
ends with a discussion of the bearing of all this on the nature of 
radiation. A chemist cannot help but regret that there was not 
space for telling about a few of the applications of quantum me- 
chanics to chemistry. However, this book is so good that we may 
hope for two things; first, that it will be published in the original 
English; second, that it will be followed by another like it dealing 
with the chemical phases of the subject. 


Tue Jouns HopKIns UNIVERSITY DoNnALD H. ANDREWS 


BALTIMORE, MARYLAND 


ZUR GESCHICHTE DER METALLE IN DEN AMTLICHEN DEUTSCHEN 
ARZNEIBUCHERN. Dr.Sc.nat. Georg Urdang. Arthur Nemayer- 
Verlag. Mittenwald, Bayern, Germany. No copyright date. 
138 pp. 15 X 22.5cm. Paper bound, Mk. 5; Cloth bound, 
Mk. 7. 


The author of this specialized study in the field of chemistry 
is well known for his contributions to pharmaceutical literature. 
These have appeared in the German pharmaceutical journals, 
and several monographs have been issued by the ‘“‘Gesellschaft 
fiir Geschichte der Pharmazie’? upon such subjects as: ‘Der 
Apotheker als Subjekt und Objekt der Literatur,” etc. 

This present contribution is particularly applicable to the 
field of chemical education, for Dr. Urdang has covered a limited 
field of historical-chemical literature in an interesting manner. 
This field is that of the pharmacopceias and similar official works 
in so far as the subject of metals and metallic compounds is con- 
cerned. 

The pharmacopceias were the first common meeting ground 
of chemists, physicians, and pharmacists. Dr. Urdang has, in 
this particular study, traced the metals and their compounds, 
so far as their employment in medicine is concerned, from the 
Pharmacopeeia of Valerius Cordus (Lyons edition of 1549) to 
the latest edition of the German Pharmacopecria, the ‘‘Deutsches 
Arzneibuch, 6 Ausgabe, 1926”; with a few scattering references to 
current literature as late as 1932. 

Now Valerius Cordus was the physician-pharmacist-chemist 
who first prepared and described ether, three centuries before it 
was employed as an anesthetic; and the German Pharma- 
copeeia of 1926 contains descriptions of many medicinal com- 
pounds of everyday use which Valerius Cordus would not even 
be able to identify, much less to understand. 

The list of metals included in the author’s monograph com- 
prises arsenic, lead, iron, gold, copper, mercury, silver, bismuth, 
zinc, and tin. The author’s study has been limited to the official 
pharmacopceias which have appeared in the territory now in- 
cluded in the German Republic. There are frequent references to 
Paracelsus, who, it will be remembered, first inspired the search 
for remedial substances of metallic origin by that famous 
admonition—“‘The business of alchemy is not to make gold 
but to prepare medicines’—which led to his being called the 
founder of the school of iatrochemistry. 

The work is both thorough and interesting, and to both teachers 
and students of chemistry who have no contacts with either 
medicine or pharmacy, it will afford a new stimulus to their 
interest in chemistry, for it takes the reader back to the time 
when calomel was called ‘‘mercurius dulcis,” oxide of iron “‘crocus 
martis,” and zinc oxide “‘nthilum album,” and brings him down 
to the period when we still call silver nitrate ‘‘lunar caustic.” 


CHARLES H. LAWALL 
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EASsILy INTERPOLATED TRIGONOMETRIC TABLES WITH NON- 
INTERPOLATING Locs, CoLoGs, AND ANTILOGS. Frederick W. 
Johnson, M.A. The Simplified Series Publishing Co., San 
Francisco, 1933. vi + 44 pp. + tables (unnumbered). 17.3 
X 24cm. Semiloose-leaf, without cover, $1.70; paper cover, 
$1.85; in leather-like three-ring binder, $2.45. Bound in 
flexible fabrikoid, $3.50. 


The lengthy subtitle gives a fair idea of the contents—‘‘The 
former supplied with tables of proportional parts that give every 
sixtieth of differences for both natural and logarithmic functions, 
also with logarithmic functions at intervals of 1” for 0° to 3° 
and for 87° to 90°; the latter arranged so as to give four- 
and five-place logarithms and anti-logarithms and four-place 
cologarithms by mere inspection, without any calculation what- 
ever; and both provided with thumb-indexes which enable 
the user to turn instantly to any value recorded in the tables.’’ 
Instructions for use of the tables with examples are given in the 
introduction. OOR: 

















C. M. Guldberg P. Waage 


The concluding paragraph of the paper in which Professors Guldberg and Waage 
enunciated the Law of Mass Action in 1867 is still of interest and in its general im- 
plications and spirit is equally applicable today. (We quote the translation of 
Moore.) 


Investigations in this field are doubtless more difficult, more tedious and less fruitful 
than those which now engage the attention of most chemists, namely the discovery of new 
compounds. Nevertheless it is our opinion that nothing can-so soon bring chemistry into 
the class with the truly exact sciences as just the line of research with which this investiga- 
tion deals. All our wishes would be fulfilled if we might by this piece of work direct the 
permanent attention of chemists toward a branch of the science which since the beginning 
of the century has unquestionably been far more neglected than it deserves. 


More readily available than the original paper on the Mass Law ts the article in 
J. prakt. Chem., [2], 19, 69 (1879). (Photos by courtesy of H. C. Wolner, Uni- 
versity of Oslo.) 
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EDITOR’S OUTLOOK 








KEPTICISM. The skepticism of youth is often 
S deplored by viewers-with-alarm. Sacred institu- 

tions, principles, and codes of conduct seldom 
receive from the rising generation the respect which the 
more conservative of the elders believe to be their due. 
In the literature of every age and every language we 
find developments of this theme. On the basis of its 
literary vitality alone we would be inclined to conclude 
that the theme is rooted in one of the fundamental 
characteristics of youth. 

Yet the science teacher wonders what becomes of the 
inherent skepticism of youth in the science classroom 
or laboratory. Apparently the leopard can change his 
spots. Some mystic alchemy transforms the constitu- 
tional skeptic into the veriest of intellectual sheep 
just when his skepticism would command a premium. 
Happy is the teacher who can incite a student to ques- 
tion anything. 

The explanation, of course, is to be found in the fact 
that most of what passes for skepticism at any age is but 
the shoddiest of imitations. Scratch an apparent 
skeptic and ninety-nine times out of a hundred a true 
believer bleeds. Kick a critic of Adam Smith and 
the chances are that you will get your nose punched, 
not by an economic skeptic, but by a disciple of Karl 
Marx. 

In addition to such transparent pseudo-skepticism 
we encounter also a more complex and interesting kind 
of inverted gullibility. In its more acute manifesta- 
tions it takes the form of a belief that whatever is, is 
wrong. Its victims never perceive that their symptoms 








point conclusively to precisely the same ailment that 
afflicts believers that whatever is, is right. 

Nowadays few people hope to discover an oracle who 
infallibly gives the right answers to any and all ques- 
tions. Many, however, are apparently naive enough 
to believe in the reality of that equally miraculous 
being—an oracle who invariably gives the wrong 
answers. Aside from the labor involved in reducing 
all questions to a series of alternatives and reversing 
all answers, the one illusion is identical with the other. 
Indeed, this lesson has already been presented and 
diagrammed by one of our prominent comic-strip 
artists. 

What the world needs, in addition to a good five- 
cent cigar and free beer for the working man, is more 
skepticism and a far better grade of it. Ingrowing 
credulity, not skepticism, is the curse of youth. 














The emerald, probably the most 
precious, and by many considered 
the most beautiful, of gem stones is 
the subject of an article by Pro- 
fessor J. W. Howard. Our cover 
decoration depicts an open-cut 
mine in the Leydsdorp District of 
South Africa. Calcite veins run- 
ning through the biotite schist are 
prominent. Photograph by cour- 
tesy of the Beryl Mining Co., Ltd. 
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EMERALDS 


° JOSEPH W. HOWARD . 


State University, Missoula, Montana 


Emerald 1s one of the varieties of beryl. It is essentially 
beryllium aluminum silicate [BezAl,(.SiOs)s] with small 
amounts of chromium which give it its characteristic 
green color. It 1s used exclusively as a gem stone and 
carat for carat is worth more than other precious stones. 
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RIGHT-COLORED PEBBLES were probably 
B held in high esteem by man of the old stone age. 
He must have found some of them too hard to 

cut with his stone axe and difficult to polish with 
the means at his command. That later generations 
appreciated their lasting qualities and comparative 
values as well as their beauty is evidenced by the refer- 
ences to precious stones in their writings. As early as 
the third century B.c. Theophrastus wrote of the smarag- 
dos. From his description it is generally assumed that 
he had reference to the stone we now call the emerald. 
Ismenias, who lived in the time of Alexander the Great, 
sent six gold staters to purchase an emerald engraved 
with the figure of the sea nymph Amymone. He was 


disgusted when two of the staters were returned with 
the gem, feeling that such a procedure was an insult to 
the emerald (1). 

Emerald was the fourth stone in the breastplate of the 
high priest of the tabernacle. 


It was assigned as the 


stone of the tribe of Reuben and later became the gem 
stone of the Apostle John. 

The Emperor Nero is said to have used an emerald to 
help him view the sports of the arena. An emerald 
talisman taken from the tomb of Charlemagne was worn 
by Napoleon on the battlefields of Austerlitz and Wag- 
ram. Shah Jehan, builder of the famous Taj Mahal, 
presented his wife with a string of two hundred four 
emeralds. 

Cortez brought back from his ¢onquest of Peru five 
famous emeralds (2). One was cut as a rose, another 
as a horn, the third as a fish with golden eyes, the 
fourth as a bell with a pearl clapper, and the fifth as a 
tiny cup. 

The early name of smaragdos was changed by the 
Spanish to esmeralda, and finally about the sixteenth 
century emerged as emerald (3). 


SOURCES 


The ancients appear to have obtained their emeralds 
from mines in upper Egypt. These mines were being 
worked by the Greeks in the time of Alexander the 
Great. Later they yielded their gems to Cleopatra 
and have ever since borne her name. They are located 
in Jebel Sikait and Jebel Zabara near the Red Sea 
coast east of Aswan. Lost for many years, they were 
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rediscovered by Cail- 
land who had been 
sent in search of them 
by the Viceroy of 
Egypt. They have 
been visited (4) and 
worked at intervals 
through the interven- 
ing years. 

South America is 
now one of the chief 
producers. The 
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AN EMERALD PENDANT FROM COLOMBIA 
Engraving is an old Spanish design. 


able to find any 
emerald mines in Peru but rich deposits were discovered 
near Bogota, the capital of Colombia. The most fa- 
mous of these are at Chivor-Somondoco, Muzo, and 
Coscuez (5, 6, 7). The natives presented their white 
captors with emeralds in 1838 but kept secret for twenty 
years a knowledge of their exact location. Finally (8), 
a Spaniard riding in from the back country found his 
horse lamed by a great stone in its hoof. He dis- 
mounted and dislodged the stone. It was an emerald. 
Backtracking he found the mine. 

The Muzo mine was once the scene of one of those 
“‘big strikes’ of which the miner and prospector often 
dream. After a long period of poor returns a pocket or 
“nest” of high-grade crystals was encountered and 
$400,000 in fine emeralds was obtained from a few 
cubic yards of vein material (7, 9). 

More than 245,000 carats have been removed from 
the Chivor-Somondoco mine since 1926. 

In 1830 the Russian emerald deposits were dis- 
covered in the Ural Mountains near the Takowaja 
River (10). 

The other emerald deposits of the world which have 

been reported are in the State of Minas Geraes, Brazil 
(11); Habachthal, Province of Salzburg, Austria; 
Eidsvold, Norway; the Leydsdorp district of Northern 
Transvaal, South Africa (12, 13, 
14); near Steinkoff, Namaqualand, 
S. W. Africa (15); Poona, West 
Australia (16); and at Glen, New 
South Wales (17). The best U. S. 
finds have been in Alexander, Mit- 
chell, and Cleveland Counties, N. C. 
(18); Topham and Newberry, 
Maine, and Haddam, Connecticut. 


MODE OF OCCURRENCE 


Emeralds are usually found dis- 
seminated through dark limestone, 
in mica and talcose schists, or in 
a dark-colored mica schist. A few 
have been found in calcite and as 
separate crystals. 


MINING 


Spanish were never, 
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lombian mines are worked by the open quarry method 
(5, 7, 19). The forest growth is first cut down and 
burned. A trench is then dug in such a direction that 
it will cross-cut any veins that may be below the sur- 
face, the loosened dirt being washed away by a head 
of water released from a tank above. As the trench 
deepens, its sides are cut down in steps. Whena com- 
plete flight of steps has been cut the mining operations 
are carried on by knocking down the steps already 
formed. The miner does this by standing on one of 
these steps and attacking the one below with a long iron 
crowbar. Blasting with its resultant shattering of 
emeralds is avoided as much as possible. All useless 
dirt falls to the bottom of the cut and is washed away 
by water from the tank. The emerald-bearing matrix 
is taken to sorting sheds where it is carefully broken and 
acid washed; the gems are recovered by hand. 

In Austria the emerald-bearing matrix is reached by 
shafts driven into the steep declivity of a mountainside. 


COMPOSITION 


Emeralds belong to that larger class of compounds 
known as beryls. All beryls are more or less impure 
forms of beryllium aluminum silicate [Be;Al,(SiOs).]. 
A colorless variety of high purity is known as Goshenite. 
More often, however, impurities make the beryl yellow 
(Helidor), blue, pink (Rosterite), rose-red (Morganite), 
or green. There are two green varieties, the pale 
or sea-green called aquamarine (20) and the darker 
green emerald. The nature of some of the impurities 
has been revealed by analysis (21, 22). The pink, 
tabular crystals of Rosterite from Elba contained a 
total of 7.81% oxides of lithium, sodium, potassium, 
and cesium plus 0.84% water. Several other varieties 
of beryl have been found to have an iron content nearly 
proportional to their color intensity. An emerald 
from Colombia contained 0.88% alkaline oxides, 1.84% 
water, and 0.077% chromic oxide (Cr.O3). It is now gen- 
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VIEW OF THE LOWER WORKINGS OF AN EMERALD MINE IN THE LEYDSDORP 


Both underground and open 
quarry mining are used. The Co- 
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erally accepted that chromium is responsible for the green 
color of the emerald. While it is the custom in analyti- 
cal reports to express these metallic impurities as oxides, 
it is probable that they exist as silicates in the beryls. 


PROPERTIES 


The outstanding property of the emerald is its 
especial shade of green. Authors seem to have diffi- 
culty in adequately describing it. Booth (8) says it isa 
“glowing green with an inner fire, impossible to counter- 
feit, impossible to reproduce, for which there is no com- 
parison either in heaven above or in the earth beneath, 
unless it is the living green of summer mirrored in a 
deep transparent pool.” 

Pliny in his ‘Historia Naturalis” tells his readers 
“there is no stone more pleasing to the eye, for whereas 
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inclusion of impurities are the most common causes of 
flaws. Emerald flaws are of such universal occurrence 
that there has arisen the saying ‘‘as perfect as an emerald 
without a flaw,’ signifying unattainable perfection. 
Yet these flaws may prove to be more of a feature than a 
blemish. Often they take the form of delicate fantas- 
tic designs called ‘‘gardens’” by the cutters. As such 
they give the emerald an individuality lacking in more 
perfect gem stones. 

The hardness of beryls on the Mohs scale is 71/2 
to 8. The specific gravity is 2.69 to 2.79 (9). 

The natural crystals have the form of a six-sided 
prism ending in a single face at right angles to the 
length of the prism. They are rarely larger than your 
thumb but a 6.75-lb. emerald has been reported from 
the Ural Mountains and one ten inches long was the 
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Two VIEWS OF THE EMERALD-BEARING FORMATION BEING CUT INTO STEPS 


PREPARATORY TO MINING 


the sight fixes itself with avidity upon green grass and 
the foliage of the trees, we have all the more pleasure 
in looking upon the smaragdos. There is no green in 
existence of a more intense color than this; and besides, 
of all the precious stones, this is the only one that feeds 
the sight without satiation. Even when the vision has 
become fatigued, with intently viewing other objects, 
it is refreshed by being turned upon this stone. Lapi- 
daries know of nothing that is more soothing to the 
eyes, for the soft green tints are wonderfully adapted 
for assuaging lassitude when felt in those organs.” 

Perhaps the easiest way to describe this green is to 
regard it as ‘characteristic’ and make it a standard for 
comparison. The chemist, for example, considers the 
flame test given by the compounds of copper (halides 
excepted) to be emerald green. 

Emeralds show a troublesome brittleness, often 
breaking of their own accord after leaving the mine. 
This may be partially prevented by prewarming before 
exposure to the heat of the sun. Brittleness and the 


property of the late Czar. Crystals of the other varie- 
ties of beryl weighing as much as 2.5 tons have been 
found. Early Egyptian lore tells of large statues carved 
from emerald but it is now believed that these were 
made of green glass (1). 

Emeralds are dichroic, showing a yellowish green and 
a bluish green in the dichrodscope. They are not as 
brilliant as diamonds due to a weak double refraction 
and small dispersion of light. Their attractiveness may 
be attributed more to body color and luster. 

Certain of the green beryls when heated to 400° to 
500° change in color to blue (23). This process is now 
much used, in the trade, to improve the color of these 
gem stones. 

All beryls are practically infusible and hydrofluoric is 
the only acid which will react with them. 


SUBSTITUTES AND IMITATIONS 
It is only natural that many attempts have been made 
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to imitate a gem stone of the value of the emerald. 
But all imitations so far have lacked the real beauty of 
the genuine. Since a carefully selected name may have 
much to do with the commercial success of a gem stone, 
the name emerald has been applied to several green 
stones which are in no way associated with the emerald 
chemically. A green sapphire is often called an 
“oriental emerald” (24). A tourmaline sufficiently rich 
in alkalies to give it transparency and attractive color- 
ing has been named a “Brazilian emerald” (25). A 
“Uralian emerald” is a green andradite (a species of 
garnet) from the Ural Mountains (26). A variety of 
spodumene [LiAISi,0.] is sometimes known as a 
“lithia emerald” (9). An expert mineralogist readily 
recognizes these stones by their differences in color, 
hardness, specific gravity, and other external char- 
acteristics. 

So called ‘‘scientific emeralds” have been prepared 
from powdered beryl and chromic oxide (9) by the same 
method as that used to make synthetic rubies and 
sapphires (24, 27) but the results have looked more like 
green glass than emeralds. 

A green lead glass has been used as an emerald sub- 
stitute from the earliest times (1), but the fact that 
it is not dichroic and can be scratched with an ordinary 
steel needle makes it easily detectable. 

The most successful substitutes are those in which 
true emerald crystals are united by mechanical means 
to build up a larger gem stone. These usually take one 
of three forms: doublets (true and false), triplets, or 
reconstructed stones (9). 

A true doublet consists of two sections of genuine 
emerald joined at the girdle by an invisible cement. 
A false doublet has a genuine emerald crown with a 
pavilion of colored glass or some cheap green stone. A 
much more false doublet may be made with a crown of 
some hard green stone and a lower portion of green glass. 
There is also a holiow doublet, in which the lower side 
of a glass crown is hollowed out and filled with a green 
liquid. 

Doublets may be detected by several methods. If 
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immersed in alcohol or chloroform the binding wax will 
generally be dissolved. Placing a true doublet in a 
liquid of the same index of refraction as the gem frag- 
ments makes the cement visible. If the two colors 
of the false doublet do not match, this is obvious when 
it is placed over a white surface. The condensed 
moisture of the breath makes evident the cement layer 
of some doublets. 

The triplet has been used much more than the 
doublet. It is made by cementing together two thick 
layers of colorless beryl with a green glass paste. 
If the upper layer of beryl extends below the girdle, 
the effectiveness of the deception is increased. The 
beryl gives the desired hardness, the glass the color. 

Reconstructed stones are made when clear, small 
pieces of genuine emerald, too small of themselves to 
form satisfactory gem stones are fitted and cemented 
together. 


USES 


The emerald is used exclusively as a gem stone. 
The Greeks carved a limited number of them for this 
purpose. An engraved emerald set in a gold ring, the 
property of Polycrates, the tyrant of Samos, was very 
famous in its day. The best emerald carving has been 
done in India and some of the greatest emerald collec- 
tions in the world belong to the Maharajahs of that 
country. 

It was once a common custom to use them in their 
natural crystalline form suspended as a pendant. 
A hole was drilled through the axis for the insertion of 
the gold wire. 

Small emeralds are frequently used as necklace beads. 
If mixed with beads of amethyst and rock crystal a 
beautiful color effect is obtained. Combinations with 
pearls, diamonds, rubies, and sapphires are also very 
popular. 

Table, step, brilliant, rose, and cabochon cuts are 
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those most used at the present time. As much as 35% 
to 50% of the rough emerald is lost in the cutting 
and polishing processes. Both unsuspected flaws and 
unsurmised beauties are thus often brought to light. 
Cases are known where the value has been increased at 
least tenfold by skilful cutting. The emerald cutter is 
an artistic workman, taking peculiar pride in his work 
and regarding diamond cutting as mere child’s play in 
comparison (28). 

Emeralds are rated under five classes based on color, 
transparency, size, and nature of flaws. Prices usually 
vary from $12.50 to $250.00 a carat (7). ‘‘Extra super- 
fine’ specimens have sold for as high as $6000.00 a 
carat. A few have had an even higher valuation placed 
upon them. However, only about 0.01% of the total 
product has ever been given the highest possible rating 
(7). With the possible exception of a few very large 
rubies, carat for carat, emeralds are worth more than 
other precious stones (28). 

Like many other gem stones emeralds have had 
various virtues assigned to them. Those for which 


they have been noted are as a preventive against .. 
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epilepsy, a cure for dysentery, an assistant to women in 
childbirth, a repeller of evil spirits, a preserver of 
chastity, and as a cure for fever and venomous bites. 
They have been regarded as a symbol of immortality 
and a conqueror of sin and trial. Believed to come from 
the home of the griffon, they were long regarded as 
dangerous for the miner to obtain. 
It has been said that (2): 


It is a gem that hath the power to show 

If plighted lovers keep their troth or no, 

If faithful it is like the leaves of spring, 

If faithless like those leaves when withering. 


Emerald has been selected as a birthstone under two 
different systems. The Polish system uses it for 
May, the Jewish for June. According to an old verse 
(2): 


Who first beholds the light of day 

In spring’s sweet flowery month of May 
And wears an emerald all her life, 

Shall be a loved and happy wife. 
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The method of science, indeed, is the method of the Chancery Court—it involves the collection of all 


available evidence and the subjection of all such evidence to the most searching examination and cross-examina- 
tion. False evidence may be tendered and for the time being accepted; but sooner or later the perjury is dis- 
covered. Our method, in fact, goes beyond that of the courts: we are not only always prepared to reconsider 
our judgments but always searching for fresh evidence; we dare to be positive only when, time after time, the 
facts appear to warrant a definite conclusion. Prof. H. E. Armstrong 





ACTIVE and PASSIVE MOLECULES 
and the NATURE of th MASS ACTION 
EQUILIBRIUM CONSTANT 


FRANK E. E. GERMANN 


University of Colorado, Boulder, Colorado 


HE LAW of mass action was first accurately 

formulated by Guldberg and Waage, two 

Scandinavian investigators, in 1867. The work 
appeared in that year as a university publication 
under the title ““Etudes sur les affinites chimiques.” 
In 1879 the same authors made their work more gener- 
ally available by a second more detailed publication! 
entitled ‘‘Ueber die chemische Affinitat.” In this 
paper it is stated that in the reaction 


A+BsA'+B’ (1) 


the assumption of the existence of attractive forces 
between the substances or their constituents is not 
sufficient to explain the two reactions, but that account 
must also be taken of the motion of the atoms and 
molecules. They then proceed to develop the idea of a 
vibration of the atoms in a molecule and suggest that, 
under certain conditions, this vibration may become so 
vigorous that at times the atoms are far enough apart 
that they actually dissociate. In any case, they 
would be in a very unstable state. If, at that instant, 
two such molecules chanced, due to their kinetic motion, 
to collide with each other, a reaction might take place. 
In other words, if a molecule of A collides with a mole- 
cule of B at the instant when the atoms of A and B are 
far apart, we may anticipate the formation of A’ and 
B’. The authors then point out that, if pand q rep- 
resent the number of molecules of A and B, respectively, 
in unit volume, then the frequency of collision of A 
with B will be proportional to the product pg, and the 
velocity of the chemical process will be ¢pgq, if be 
taken to be a function of temperature. This assumes 
that all the molecules are in a condition favorable to a 
reaction. Hence, in accordance with the above argu- 
ment on atomic vibrations, they postulate that only the 
fraction a of the p molecules and the fraction 6 of the q 
molecules are in a condition favorable to a reaction, 
so that the actual velocity with which the reaction pro- 
ceeds should be represented by ¢apbq, or 


gapbg = kpq (2) 


in which the product of the constants, gab, is replaced 
by k. 

The above argument of Guldberg and Waage is given 
in detail in order to show conclusively that they had the 


1 GULDBERG AND WAAGE, J. prakt. Chem., [2], 19, 69 (1879). 


idea of active and passive molecules clearly in mind 
when they developed the mass action law. The idea of 
active and passive molecules is not to be confused with 
the term ‘“‘active mass” introduced by Guldberg and 
Waage. This latter term is defined in their own 
words as follows: ‘We have defined active mass of the 
material as the quantity of the given substance in unit 
volume of the body (Kérper) in which the reaction is 
taking place.” By K6rper, which for accuracy’s sake 
has been translated ‘“‘body,” they obviously mean 
phase. Our modern theory of activation is merely a 
modification in which the activated molecules are re- 
garded as having higher energy contents as the results 
of displaced electrons. In this sense the ionic state is 
regarded as an activated state. In reactions of neu- 
tralization and precipitation, the fractions a and b of 
Guldberg and Waage approach unity and the velocity 
of the reaction becomes immeasurably fast. 

In accordance with the above conventions, Guldberg 
and Waage would set up the following equation: 


gaxpebBgB = o’crrvdisé (3) 
for the equilibrium condition in the reaction: 
aA + BBS 7C+ 6D (4) 


¢ and ¢’ are temperature functions of the two opposing 
reactions; ~, g, 7, and s are the numbers of molecules 
of A, B, C, and D, respectively, per unit of volume 
under equilibrium conditions; a, b, c, and d are the 
fractions of each of the various molecular types which 
are in a state such that a reaction could take place when 
a collision occurred and a, 8, y, and 6 are the coefficients 
of the various molecular types in the chemical equation. 
On rearranging, this equation becomes: 

paxbs 


Boo" jan” 


rvs6 
pegs 


This is the classical form of the mass action equilibrium 


(5) 


Siete i ‘ a*bP 
equation, in which the ratio of constants wa has been 
c 


Had Guldberg 
and Waage thrown the original equation into the 
form: 


combined with the constants ¢ and ¢’. 


1_ & _ (cr)r(ds)é 
C9 apatoae 2) 


they would have had the modern equation involving 
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activities in which ap is the activity of the p molecules, 
bq the activity of the gq molecules, etc. In modern 
terminology a, b, c, and d are called activity coef- 
ficients. At the time of Guldberg’s and Waage’s work 
no methods existed for determining these activity 
coefficients. It was soon recognized that the value of 
K was not a true constant, but nothing was done about 
it until G. N. Lewis? in 1901 and 1907 introduced the 
terms fugacity and activity, which he defined in such a 
way that the equilibrium constant is a true constant. 

Let us now consider certain conventions in writing 
equations and in obtaining values of equilibrium con- 
stants. In the reaction: 


N: + 3H. == 2NHs;, AF350 = —7820 cal. (7) 


we place the activities a of the substances appearing 
on the right-hand side of the equation in the numerator, 
and those on the left-hand side in the denominator, 
thus: 
_ @*yHs 
a Gnx OH (8) 

When we write the equilibrium equation: 

2NH; ——= Nz + 3He2, AF }s50 = 7820 cal. (9) 
we obtain in a similar manner: 


Kat = 2 Om 


K a?NHs an 


Obviously, the first constant is the reciprocal of the 
second. In order to calculate the standard free energy 
change given in equation 7, the value of K from equa- 
tion 8 would have to be used in the general equation: 


AF3,0 = —RTInK = —7820cal. (11) 


Had the reaction been written as in 9, we should have 
obtained: 


AF350 = —RTInK’ = -RTinz = 7820 cal. (12) 


Moreover, had we written the equation involving just 
one molecule of ammonia: 


3H2 


a (13) 


NH; 2 Ney 


, AF350 = 3910 cal. 


the equilibrium constant would have been: 


a'/ty,-a*/ty, 


K" K's (14) 


aNHs 


amet = 3910 cal. 


AF2,0 = —RTInK"/2 = — (15) 

These equations have been given in detail in order to 
emphasize the fact that the free energy change calculated 
with the aid of a given equilibrium constant always yields 
a value for the reaction of the number of mols of the sub- 
stance indicated by the equation used in obtaining the 
value of the constant. If the equation is written for the 
reverse reaction, the numerical value of AF ° remains 

2G. N. Lewis, Proc. Am. Acad., 37, 49 (1901); Z. phystk. 


Chem., 38, 205 (1901); Proc. Am. Acad., 43 259 (1907); Z. 
phystk. Chem., 61, 129 (1907). 
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the same, but the sign changes. If the equation is 
written for double the number of mols, the value of 
AF° is doubled, etc. 

The question naturally arises as to the reason for an 
equilibrium constant having different values depending 
on the way the equation has been written. The obvious 
answer is that equation 9 indicates a given mechanism 
of the reaction and equation 13 indicates another 
mechanism. The first is the equation of a bimolecular 
reaction and the second is the equation of a mono- 
molecular reaction. Since equation 14, which is 
based on 13, contains fractional exponents, we fre- 
quently find the statement that ‘‘these fractional 
exponents are usually avoided through multiplication 
by an appropriate integer.’’ When, however, equation 
13 is multiplied by the integer two, equation 9 results, 
which, as stated before, involves a different mechanism. 
At a given temperature only one of these two equations 
represents the facts, but since we do not always know 
the actual mechanism of the reaction, we sometimes see 
one constant, sometimes another in the literature. All 
of this makes no difference until we wish to make use 
of the constant in the evaluation of some thermody- 
namic function as, for example, the free energy change 
AF° accompanying a given reaction. Thermody- 
namics takes no account of any kinetic mechanism of a 
reaction, so here again the value of the constant may 
be taken as that given by either equation 10 or 14. 
We are not even restricted to these two values, but 
may use values obtained from equations similar to 9 
and 13 in which we have multiplied through by any 
number whatsoever. The value of AF° obtained will 
in each case represent the true free energy change when 
the number of mols of ammonia indicated on the left- 
hand side of the equation is transformed into the 
number of mols of nitrogen and hydrogen on the right- 
hand side of the equation at the temperature indicated. 

Another matter which is a frequent source of con- 
fusion is the way in which we raise the activities of the 
various molecular species to the power corresponding 
to the coefficient of the particular compound in the 
chemical equation. Thus in equation 8 the activity 
of hydrogen is cubed in accordance with the fact 
that in equation 7 the hydrogen has the coefficient 3. 
We usually justify this by writing equation 7 as follows: 

N2 + H2 + H: + H: == NH; + NHs (16) 
from which we obtain the equation: 


_  @nNa3‘QNH: _ @°NA; (17) 
Ono Oe" He AH Anz yp 





In doing this we say nothing of the fact that, although 
we write NH; twice and H: three times, we proceed to 
assign the total values of the ammonia and hydrogen 
activities to each term. It is quite natural to raise the 
question as to the justification of this procedure, and to 
argue that if H, is to be written three times and NH; 
twice, why should not one-third of the hydrogen activity 
be assigned to each Hz term and one-half of the am- 
monia activity to each NH; term. This suggests that 
the true equation should be: 





QNHs , 2NHs 
2 2 
@H2°CH2 Che 
an2° 33 


_ 27 a*nus 
~ 4 Gyrva*g, 


(18) 


Thus, for example, Soddy* considers the case involving 
the isotopes of chlorine in the reaction: 


Cl, + Cl’, == 2CICl’ (19) 


suggested by Chapman‘ in connection with a theoretical 
discussion of the possibility of separating isotopes. 
On the basis of probability considerations, he arrives 
at the conclusion that ki; = 4k, when he applies the 
mass action law in the conventional manner. Con- 
tinuing, he says: 

This, to say the least, is unexpected, because if coefficients of 
velocity of reaction have any physical significance at all, one 
would expect them to be the same for substances assumed to be 
chemically identical. The result is clearly due to a loose method 
of choosing the concentrations, for if we rewrite the reversible 
equation: 


Cl. + Cl’2s== Cl-Cl’ + Cl-Cl’ (20) 


it transpires that we have chosen for the concentration of the 
resultants, because they are the same, the sum of their individual 
concentrations, although for the reactants, which also are chemi- 
cally the same, the individual concentrations have been taken. 
It is clear that it is the individual concentrations in both cases 
that have to be taken, and therefore that one-half of the Cl-Cl’ 
concentration is involved. Then k; = ke. So with any reaction 
of this type, involving two molecules, apart from the question of 
isotopes altogether, the 4 that always appears in the conventional 
textbook examples is merely a consequence of a loose and physi- 
cally unjustifiable mode of representing the concentrations. 
Writers of future textbooks might ponder a little over this 

I do not imagine I have exhausted the physical possibilities, but, 
so far as I can see, my distribution relation covers the physically 
conceivable cases, and therefore the half and not the whole, con- 
centration of the substance undergoing a bimolecular reaction 
with itself ought to enter into the equilibrium equation. 


The above quotation from Soddy is given at length 
in order to emphasize the fact that the confusion really 
exists. Actually, we have proved nothing by using 
equations such as 16 and 20. We can, however, show 
by a study of free energy changes which take place in a 
chemical reaction that the original method used in 
writing equation 8 was correct. To do this we pro- 
ceed as follows, studying a reaction between perfect 
gases A, B, G, H, etc., according to the equation: 


== 2G + hH + 


in which the partial pressures at equilibrium are Py, 
Px, Pc, Pu, etc. The different gases undergo pressure 
changes and react with each other in an imaginary 
equilibrium box equipped with cylinders, pistons, and 
hypothetical semipermeable membranes. The _ in- 
dividual gases in the separate chambers may have any 
pressures represented by P’a, P's, P’c, and P’y. We 
shall proceed to calculate the free energy change in- 
volved in changing the pressure of a mols of A from 
P', to Pa, of b mols of B from P’z to Pz, of g mols of G 
from Pg to P’g, and of h mols of H from Py to P’g. 


* FREDERICK Soppy, Nature, 105, 516, 642 (1920). 
* D. L. Coapman, tbid., 105, 487 (1920). 
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There will be no free energy change in the passage 
through the semipermeable membranes since this is 
accomplished under equilibrium conditions. If a 
mols of A are expanded or compressed reversibly from 
P', to P4, and b mols of B from P’z to Pz, the changes in 
free energy will be: 


AF, = aRTin zs. AF, = bRTIn ze (22) 


baw 
Similarly if g mols of G and h mols of H are expanded or 
compressed from Pg and Py to P’g and P’y, the changes 
in free energy will be: 
P'g 


Plu 
Pa’ 


Pa (23) 


AF; = gRTIn AF, = ARTIn 


The total free energy change will be: 


7 a P%,P>pP'0gP"*y 
AF=AF,+ AF, + AF; + AFj=RTin P',P%,PIGPhy 


(24) 
If P’4, P’z, P’c, and P’y are taken as one atmosphere, 
we have: 

P2, Pz 


PigPhy (25) 


AF = RTin = RTInK, 
in which K, is the equilibrium constant when concen- 
trations of the perfect gases are expressed as partial 
pressures. 

In the above reasoning we have made use of the 
fact that the partial pressure of A in the reaction cham- 
ber was P4. Had we followed the line of reasoning 
which led us to equation 18 we would have made use 
not of the pressure P,, but rather P,/a, stating that 
1/a of the pressure of A was to be assigned to each of 
the a mols. However, it is obvious that the pressure 
against which A must be introduced is P4 and not 
P,/a. Ifaisone, then: 


AF, = (26) 


If a is two, then: 


fs oe 
AF, = 2RTI1n P, = RTIn Pr,’ etc. 


(27) 
This reasoning, therefore, shows conclusively that it is 
the total activity or partial pressure of each constituent 
that should be raised ‘to a power corresponding to the 
coefficient of the particular substance appearing in the 
chemical equilibrium equation. It also shows that the 
value of a, which becomes the exponent in the change 
of free energy equation, merely takes account of the 
fact that the free energy change involved in the reac- 
tion of two mols is twice the free energy change in the 
reaction of one mol. 

The above has been presented not with the thought 
of adding any new facts to the theory of equilibrium 
constants, but rather to show, first, that Guldberg and 
Waage had thought in terms of activities, and second, 
to clear up certain points in the theory of equilibrium 
constants which are often not clearly understood by the 
student. : 





The COUPER QUEST 


Narrative Compiled by 


LEONARD DOBBIN* 


This article describes the steps in the course of an en- 
quiry carried out at the instance of Professor Richard 
Anschitz of Bonn University, to trace the ancestry and 
relatives of Archibald Scott Couper, a Scots chemist 
whose researches on the quadrivalence of carbon and the 
linking of carbon atoms in organic compounds, simul- 
taneous with and independent of the work of Kekulé, 


++ + 


T IS the purpose of the following sketch to describe 
the steps in the course of an enquiry carried out at 
the instance of Professor Richard Anschiitz of 

Bonn University, to trace the ancestry and relatives 
of Archibald Scott Couper. The prosecution of the 
enquiry to its eventual complete success was almost 
entirely the work of the late Professor Crum Brown, 
whose instrumentality in the matter has in some in- 
stances been less fully acknowledged than it deserved 
to be, and to whose assiduity and persistence the clear- 
ing away of the obscurity that had for decades sur- 
rounded Couper’s disappearance from the domain of 
chemical investigation was chiefly due. Incidentally 
the causes will be indicated which awakened the de- 
sire of Anschiitz to obtain a knowledge of Couper that 
the histories of chemistry and works on chemical 
biography did not supply. 

Shortly after the death of Emeritus-Professor Crum 
Brown, the writer enquired from his representatives 
whether there were among his possessions any letters, 
papers, portraits, or other material that might possess 
special interest from the viewpoint of chemical history. 
In response there were handed to him a considerable 
number of photographs and other portraits, letters 
from various chemists, and also a dispatch box labeled 
“Archibald Scott Couper.” This box contained the 
correspondence, notes, photographs, proofs, etc., con- 
nected with the “‘Quest”’ carried out by Crum Brown in 
1906 and with the publication of the paper on Couper’s 
“Life and Chemical Work” that Anschiitz communi- 
cated later to the Royal Society of Edinburgh [Proc. 
Roy. Soc. Edin., 29, 193-273 (1909) ]. 

Having been associated with Crum Brown in the 
capacity of first assistant during the period of his ex- 
periences in carrying on his enquiries and having been 
in almost daily conversation with him concerning their 
progress, the writer became familiar with most of the 
details connected with them and was probably more 


* Formerly Reader in Chemistry, University of Edinburgh; 
Secretary of the Alembic Club, Chemistry Dept., King’s Build- 
ings, Edinburgh. 


remained unrecognized until long after his death. The 
prosecution of the enquiry to its eventual complete success 
was almost entirely the work of the late Professor Crum 
Brown, of Edinburgh University, to whose assiduity 
and persistence the clearing away of the obscurity that had 
for decades surrounded Couper’s disappearance from the 
domain of chemical investigation was chiefly due. 
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fully acquainted with these than any other person out- 
side his own immediate circle. 

When the contents of the dispatch box were ex- 
amined, it was found that it would be possible to con- 
struct an authentic and nearly complete account of the 
successive steps in the enquiry, and the matter seemed 
to be of sufficient interest to justify the placing of the 
facts on record in connected form. 

The paper by Anschiitz already mentioned should 
be read in conjunction with this sketch.f It includes 
considerable detail relating to Couper’s life, together 
with a critical examination of his published papers. A 
few short extracts from the paper are quoted in an ap- 
pendix to the following sketch. 

By one of those chances that are occasionally met 
with, the name of Couper as a writer on chemical sub- 
jects presented itself about the year 1893 and again some 
twenty years later—on each occasion in a different con- 
nection and in each connection in an arresting man- 
ner—to Dr. Richard Anschiitz, then professor of chem- 
istry in the University of Bonn. 

At the earlier date mentioned, Anschiitz, in con- 
junction with one of his students, George Dunning 
Moore, carried out an investigation on the action of 
phosphorus pentachloride on salicylic acid.1_ This was 
by no means a new subject ‘of research. The inter- 
action had been examined by Chiozza in 1852,? also by 
Gerhardt? and his pupil Drion‘; and further, at a con- 
siderably later date, by Kekulé® and by Kolbe and 
Lautemann,® as well as by Couper.’ There was a good 


t Anschiitz published a German version of his paper in the 
Archiv fiir die Geschichte der Naturwissenschaften und der Technik, 
1, 219-61 (1909). 

1 Moore, Ann., 228, 308 (1885). 

2 CHIOZZA, Compt. rend., 34, 850 (1852); Ann. chim. phys., 
[3] Ea 102 (1852); Ann., 83, 317 (1852). 

GERHARDT, Compt. rend., 38, 32 (1854); Ann., 89, 360 (1854). 

4Drion, Compt. rend., 39, 122 (1854); 46, 1238 (1858): 
Ann., 92, 313 (1854); 108, oo (1859). 

KEKULE, Ann., 105, 286 (1858); 117, 145 (1861); Bull. 
‘an Roy. Belg., [2], 10, 337 (1860). 

6 KOLBE AND LAUTEMANN, Ann., 115, 157 (1860). 

7 CoupErR, Compt. rend., 46, 1107 (1858); Edin. New Philos. J., 
[N. S.], 8, 213 (1858). 
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deal of variation in the results reported by these several 
experimenters, but it was the work of Couper that at- 
tracted the particular attention of Anschiitz, inasmuch 
as Couper had obtained from the reaction mixture by 
distillation and had described and analyzed a liquid 
product that contained large proportions of phosphorus 
(about 12%) and of chlorine (about 38%). This 
liquid he called ‘‘terchlorophosphate of salicyl’’ and 
formulated it (C = 6 and O = 8) CyHiCl;POs¢. This 
compound was obtained whether Couper operated 





PORTRAIT OF ARCHIBALD ScoTT COUPER 
Taken in Paris in 1857 or 1858. 


upon salicylic acid itself or upon its methyl ester, the 
main constituent of oil of wintergreen. The other ex- 
perimenters mentioned failed to obtain this phosphorus 
and chlorine derivative and thus threw doubt upon the 
accuracy of Couper’s work. They concluded that the 
reaction led to the formation of products that did not 
contain phosphorus and were merely chlorine deriva- 
tives of salicylic acid. These conclusions were arrived 
at without almost any support from analytical deter- 
minations, and the fact was left unexplained that, dur- 
ing the vigorous action that occurred when the phos- 
phorus pentachloride was mixed with the salicylic acid 
or its methyl ester, little or no phosphorus oxychloride 
was given off, but only hydrochloric acid, or, in the 
case of the methyl ester, a mixture of hydrochloric acid 
with methyl chloride. 
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Anschiitz, repeating Couper’s experiments and sub- 
mitting the reaction products to rapid distillation under 
greatly reduced pressure, was able to confirm completely 
the results that Couper had announced and to show 
why, in all probability, others had failed whereas 
Couper succeeded, although Couper distilled under 
ordinary atmospheric pressure. 

It is outside the purpose of this narrative to enter 
into the details connected with this matter. It may 
suffice, therefore, to note that Couper’s work and name 
were introduced to the notice of Anschiitz in an inti- 
mate manner at the time, but it does not appear that 
any special interest in his personality was aroused at 
this earlier date. 

The second occasion on which Couper’s name and 
work presented themselves conspicuously to Anschiitz 
was in connection with the preparation of a compre- 
hensive biography of Kekulé which Anschiitz, his 
pupil, who had succeeded him in the Chair of Chemistry 
at Bonn, had been invited to write. The following is 
a brief outline of the relevant facts. 

On March 16, 1858, Kekulé sent in, from Heidel- 
berg, to the editors of Liebig’s Amnalen his famous 
paper ‘“‘On the Constitution and the Metmorphoses of 
Chemical Compounds and on the Chemical Nature of 
Carbon,”’ in which paper he drew attention, as new 
ideas, (1) to the quadrivalent character of the carbon 
atom, and (2) to the linking of carbon atoms. The 
first of these ideas he had somewhat casually referred 
to in a footnote to a paper that he had published in the 
preceding year, but without elaborating the idea. In 
the later paper Kekulé proceeded from this idea to the 
suggestion of methane as an additional ‘‘type”’ in the 
sense in which that word was understood in Gerhardt’s 
theory of types, to which he was a firm adherent. 

By a remarkable coincidence, Couper at the very 
same time submitted to Wurtz, in whose laboratory, 
in Paris, he was a student, for presentation to the 
French Academy of Sciences, a paper entitled ‘On a 
New Chemical Theory,” in which he likewise developed 
both of these ideas and remarked about the second of 
them that so far as he was aware the idea that, as he put 
it, carbon “enters into chemical union with itself’ was 
there ‘‘signalised for the first time.”’ 

Couper’s paper was written from a standpoint of 
complete opposition to Gerhardt’s type theory, which 
he treated with a certain degree of sarcasm. Un- 
fortunately for Couper, Wurtz, who was not himself a 
member of the Academy, had to get the paper pre- 
sented by a member, and seems to have been dilatory 
in doing so, with the result that Couper’s paper was not 
read until June 14, 1858, whereas Kekulé’s appeared 
in the part of Liebig’s Annalen issued on May 19th, 
preceding. Needless to say, this was highly mortify- 
ing to Couper, and it led to an unpleasant incident be- 
tween him and Wurtz, as will appear later. 

Kekulé died on July 13, 1896. Some time there- 
after, Anschiitz was occupied with a study of papers by 
Kekulé and contemporaries, in connection with the 
biography of Kekulé that he was compiling, and in 
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doing this he found how narrowly Couper had missed 
anticipating Kekulé in announcing the idea of the 
linking of carbon atoms. This study led him to ex- 
amine the version of Couper’s salicylic acid paper that 
appeared in The Edinburgh New Philosophical Journal 
in 1858. The paper was there given in more extended 
form than that in which it originally appeared in the 
Comptes rendus of the French Academy, and Anschiitz 
was astonished to find there the first formulas that had 
ever appeared in print to which the word “‘structural” 
could be applied in anything approximating to the 
present sense in which the term is used. The employ- 
ment of connecting lines between symbols—sometimes 
dotted and sometimes continuous lines—to indicate the 
union of atom with atom, is there met with for the 
first time, in some instances in conjunction with, but 
in others without, the brackets that were so profusely 
used in formulas based upon the chemical types. 
Couper’s usage as regards these matters varied to some 
extent in different papers, and also, at times, in the 
French and English versions, respectively, of the same 
papers, but the underlying idea of ‘‘structure,” in the 
present sense, is exhibited in his formulas plainly 
enough. 

Animated, on account of these different points of 
contact with the work of Couper, by a desire to know 
something of the man himself, and, as already stated, 
not finding any information concerning him in the usual 
reference books of chemical history or biography, 
Anschiitz began, as early as 1903, to make enquiries in 
such directions as seemed likely to lead to the gaining 
of information regarding him, and it is here that ‘“The 
Couper Quest” begins. 

The fact that Couper’s papers were printed in 
extenso in English as well as in French journals ap- 
parently suggested enquiry in Britain, and Anschiitz 
made early enquiry from his friend Debus, who had 
been professor of chemistry at the Royal Naval Col- 
lege, Greenwich, but who had retired to Cassel in 
Germany. Debus wrote to a former London acquaint- 
ance, Greville Williams, who was for many years 
chemist to the London Gas Company. Williams, in 
response, sent to Debus the letter dated August 10, 
1903, which Anschiitz included in his 1906 Annalen 
paper on ‘‘The Action of Phosphorus Pentachloride 
on Substituted o-Phenol Carbonic Acids.’’® The letter 
runs: 

I grieve to say that I know nothing of the origin of poor 
Couper. I first became acquainted with him when I was assistant 
to Dr. (afterwards Lord) Playfair in the University of Edinburgh, 
where Couper was a student in the laboratory, but he soon left. 
I only saw him once more, when he came up to me on the sea- 
shore at Dunoon on the Clyde, but he was then a complete 
wreck. I believe his trouble originated in sunstroke. I deeply 
regret being unable to give you more information about this 
great but unfortunate genius. 


Here the matter apparently rested for a period of 
two years and a half. It is next mentioned in the fol- 
lowing letter from Debus to Crum Brown: 


8 Ann., 346, 286 (1906). 
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4 Schlangenweg, Cassel, Germany 
Feb. 9th, 1906. 


Dear Prof. Crum-Brown, 


My friend Prof. Anschiitz of Bonn wishes to obtain informa- 
tion about the parentage and education of the late Archibald 
S. Couper. We have asked several friends, but no-one seems 
to know anything about him. It has occurred to us that perhaps 
the Register of the University of Edinburgh, where Couper 
studied Chemistry about the year 1860, may contain the name 
of his native place, or perhaps other particulars, which might be 
useful in tracing his history. You know that Couper was one 
of the first to announce the atomic value of Carbon in chemical 
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combination, and that, in consequence, great interest attaches 
to his individuality. 

This must be my excuse for troubling you with this letter. 

Will you have the goodness to inquire at the University in 
Edinburgh whether any particulars about Archibald S. Couper, 
student about 1860 when (Ld) Lyon Playfair was Professor, can 
be obtained from the record of the University, and communicate 
the result of your inquiries to me? If you will do so you will 
greatly oblige, 

Yours sincerely, 
H. DEBUS 


In response to this request, Crum Brown had evi- 
dently looked up the available registers in Edinburgh 
University, and had furnished Debus with such par- 
ticulars as to matriculation and class attendance as he 
had been able to procure. He did not succeed, how- 
ever, in obtaining information as to Couper’s birth- 
place or any other particulars concerning him. 

Crum Brown’s communication to this effect was 
acknowledged in a second letter from Debus: 





4 Schlangenweg, Cassei, Germany 
Feby. the 25th, 1906. 


Dear Dr. Crum-Brown, 


Many thanks for your letter of the 17th instant, and the 
trouble you have taken in finding out something about the life 
of A. Couper at the University of Edinburgh. We know that 
he worked in the Laby. of the University at the time Playfair 
was Professor. Greville Williams was Assistant. He says: 
“IT grieve to say that I know nothing of the origin of poor Couper. 
I first became acquainted with him when I was Assistant to 
Playfair in the University of Edinburgh where Couper was a 
student in the Laboratory, but he soon left. I only saw him 
once more, when he came up to me on the sea-shore at Dunoon 
on the Clyde, but he was then a complete wreck! I believe his 
trouble originated in sun-stroke.” 

You will see from this that Couper has been a student at 
Edinburgh under Playfair. We wish to know something about 
his origin and life as one of the founders of structural Chemistry. 
He must have been a man of genius. For any further informa- 
tion will be thankful. 


Yours sincerely, 
H. DEBUS 


Replies received ‘by Crum Brown from numerous 
correspondents between the dates of these two letters 
from Debus, or soon after the date of the second one, 
indicate that he had at once made extended enquiries 
in different directions from fellow-chemists and others. 
None of the replies, with the exception of one, were of 
any assistance in the quest. The exception was a note 
from Sir James Dewar, who had at one time been an 
assistant to Playfair in Edinburgh University, and it 
contained references that suggested two different lines 
of enquiry, one of which led eventually to the com- 
plete solution of the mystery surrounding Couper’s 
personality, and his disappearance from active chemi- 
cal investigation. 


Dewar to Crum Brown 


Royal Institution of Great Britain 
19th Feby., 1906. 


Dear Brown, 


Couper was long before my time. The only man who could 
give any information would be Greville Williams. It is like a 
dream to me as if I had been told that he had to be put into an 
asylum. I do not doubt that he was with Playfair in some 
capacity but I can’t tell you what.... 


Following up the first of these suggested lines, Crum 
Brown seems to have written forthwith to Greville 
Williams, as the latter sent him a letter dated 22nd 
Feby., 1906. This letter was practically identical in 
purport and closely resembled in wording the previous 
letter of 1903, to Debus. It did not convey any new 
information. 


At this juncture the activities of Crum Brown in 
the quest were interrupted by the duties of the closing 
winter session, and by the spring vacation, so that, 


JouRNAL OF CHEMICAL EDUCATION 


although the matter was present in his mind, he does 
not appear to have made any new move until the follow- 
ing May. 

The second line of enquiry suggested by Dewar’s 
letter originated from the reference to an asylum. On 
the advice of Sir Arthur Mitchell, Crum Brown ad- 
dressed a letter of enquiry to the Secretary of the Board 
of Lunacy for Scotland and received a reply from him, 
dated May 9, 1906, stating that Archibald Scott 
Couper was admitted to a mental ‘institution under 
the Board, as a private patient, on May 15th and dis- 
charged on July 14, 1859; that shortly afterward 
he was again admitted to a similar institution; and 
that he was finally discharged in November, 1862, 
when he was sent to the care of his mother in Kirkin- 
tilloch. The reply also furnished the name and oc- 
cupation of his father and the address of the latter as 
Townhead, Kirkintilloch. 

On receipt of this information, Crum Brown must 
have written immediately to Debus reporting the 
progress made, as a postcard acknowledgment indi- 
cates: 


Many thanks for the information about Couper. As we have 
now hold of one end of the thread, I hope with your kind help 
to secure sooner or later the whole. 

With best wishes and greetings, 


Yours sincerely, 


Cassel. 
17/5/06. 


At the same juncture, and again on the advice of 
Sir Arthur Mitchell, Crum Brown wrote to Dr. Wil- 
liam Whitelaw, Kirkintilloch. A scroll of this letter, 
dated May 12, 1906, is preserved. The scroll runs: 


Dear Sir, 


For some time I have been trying to get information about a 
very remarkable man who appears in the History of Chemistry 
like a bright meteor to disappear immediately. 

Archibald Scott Couper published in 1858 a paper on the 
theory of Organic Compounds which will always keep his memory 
alive. 

I was quite unsuccessful in my efforts to find out anything 
about him, until some hints from a chemical friend of mine 
induced me to apply to my old friend Sir Arthur Mitchell, by 
whose advice I wrote to the Secretary of the Board of Lunacy. 
From him I learned that A. S. Couper was born in 1831 and that 
his father was Archibald Couper a manufacturer at Townhead, 
Kirkintilloch. On hearing this Sir Arthur advised me to write 
to you as he was sure you would help me if you could. What I 
want is such biographical notes as could be put into a History 
of Chemistry—date and place of birth—education—where he 
studied Chemistry—etc. Is he still alive? If not when and 
where did he die? It is a strange thing that he published his 
famous paper in Paris. Was he ever in Paris?...If youcan give 
me the details I wish I shall be very much obliged to you and 
not only I but all chemists who take an interest in the history 
of the science will be most grateful. 


I am, etc. 


P.S. Can you tell me if any of his relatives are alive? 
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Dr. Whitelaw’s reply is as follows: 


Middlecroft, Kirkintilloch. 
May 14, 1906. 


Dear Sir, 


Archd. S. Couper was born, according to my information, in 
Kirkintilloch: studied in Glasgow and in Paris. Then became 
assistant to a Chemist in Edinburgh: health broke down, 
asylum, finally coming home to his mother, and was a familiar 
figure walking about with an attendant. He died at Laurel- 
bank, Kirkintilloch in 1880.* His mother (widow) died subse- 
quently. Mr. Couper’s Curator Bonis was Robert Reid, of 
Reid & Mair, C. Accountants, 40 St. Vincent Place, Glasgow. 

My respect to you and Sir Arthur Mitchell: Glad to oblige. 


Faithfully yours, 
(Signed) Wm. WHITELAW 


Further correspondence with Dr. Whitelaw, that seems 
not to have been preserved, must have taken place 
since, by arrangement with him, Crum Brown visited 
Kirkintilloch on 2nd June, 1906, and was there intro- 
duced by him to a Miss Tait, a cousin of Couper, and 
to a Mrs. Little, the daughter of another cousin. 
From these ladies he received a good deal of information 
about Couper’s early college training, and learned that 
a Mr. Dollar, a member of an eminent firm of veteri- 
nary surgeons, at New Bond Street, London, was also 
a cousin and had been Couper’s trustee. Dollar was a 
nephew of Couper’s mother, whose maiden name was 
Helen Dollar. 

In view of the information obtained at Kirkintilloch, 
Crum Brown again appears to have written at once to 
Debus, enclosing a letter to be sent on to Anschiitz, 
and also to have written to Mr. Dollar, asking for fur- 
ther details. Replies from Anschiitz and from Dollar 
are both dated 8th June, 1906. 

The following is a literal translation of a portion of 
Anschiitz’s reply: 

8. 6. 06. Bonn. 
Highly respected Colleague, 


To-day I received from my friend Debus your letter of the 
fourth of this month, and I hasten to explain to you how it 
came about that I am so interested in Archibald S. Couper. 

My first occasion to occupy myself more intimately with 
Couper presented itself in connection with my investigations 
on the action of phosphorus pentachloride upon salicylic acid, 
published in Liebig’s Annalen, Vol. 228. After I had obtained 
the product of the reaction pure, by the aid of distillation under 
diminished pressure, I discovered in the literature that A. Couper 
had attained the same end, long before me, without applying 
this method of operating, but that neither Kolbe nor Kekulé 
nor any of the others who had worked at this reaction had been 
able to confirm Couper’s statements, so that Couper’s work had 
become forgotten, or was held to be incorrect. 

Engaged for years past with the compilation of a comprehen- 
sive biography of my many years’ chief and venerable friend 
August Kekulét I studied some time ago, for the first time 
Couper’s original papers and I was astonished at the lucidity 
and the daring of his views regarding the structure of the sub- 


* This date should be 1892. 

¢ Published in 1929 in two volumes (‘August Kekulé,” von 
Richard Anschiitz. Band 1. Leben und Wirken. Band 2. 
Abhandlungen, Berichte, Kritiken, Artikel, Reden. Berlin: 
Verlag Chemie, G.m.b.H., 1929). 
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stances obtained by the action of phosphorus pentachloride 
upon salicylic acid. Previously in 1885, I had unfortunately 
contented myself with a miserable abstract, in Liebig’s Annalen, 
of Couper’s Salicylic Acid paper. 

“Mein Gott,” I said to myself, “why did not Couper continue 
his work: he was, at the time, decidedly freer than Kekulé was 
from preconceived ideas: with such penetration, what might he 
not have been able to achieve: he must have died early.” 

In the English biographical works, Archibald Couper’s name 
was not included. This disturbed me and long ago I intimated 
my difficulty to Debus and afterwards requested him to make 
enquiries in Edinburgh. 

I am now so gratified that at last, by your aid, authentic news 
is obtained. 


With great respect, 


Your obliged, 
(Signed) R. ANscut1z 


Anschiitz had already received from continental col- 
leagues the following communications** in reply to en- 
quiries: 


On March 29, 1906, Adolph Lieben (Vienna) 
wrote: 


Couper’s work is wholly independent of Kekulé’s, which no 
one knows better than I. Couper who, like myself, worked at 
that time in Wurtz’s laboratory, was in the habit of discussing 
his intentions and ideas with me, and he also handed to me for 
examination, prior to its publication, his paper which appeared 
later in the Comptes Rendus for 1858; then he handed it on to 
Wurtz. Meanwhile there appeared the part of the Annalen 
published at the end of May, with Kekulé’s similar work and 
Couper was profoundly disturbed by this coincidence. 


On May 12, 1906, Albert Ladenburg (Breslau) 
wrote: 


Couper worked with Wurtz in Paris and asked him to pass on 
to the Academy his paper on the quadrivalence of carbon. 
Wurtz, who at the time was not a member of the Academy, was 
obliged to give the paper to some one else who was a member 
(usually Balard). He bungled this a little and so Kekulé’s 
communication appeared before Couper’s was laid before the 
Academy. On account of this, great wrath of Couper, who 
took Wurtz to task and became insolent. This displeased 
Wurtz and he expelled him from the laboratory. Couper seems 
to have taken this very much to heart and it was believed in 
Paris that the beginning of his illness dated from this episode. 
The story itself is authentic: I have, it from Wurtz. 


Turning next to the reply from Dollar, it is in the 
following terms: 


56 New Bond Street, W. 
8th June, 1906. 
Dear Sir, 


I have great pleasure in being able to forward my Cousin 
Archibald Scott Couper’s Certificates received from his Professors 
in Berlin and Paris, also his class tickets and certificates from 
the Universities of Glasgow and Edinburgh, also a letter from 
Lyon Playfair which may interest you. I will be glad to have 
them returned when you have perused them. 


Yours faithfully, 
(Signed) Tuos. A. DoLLaR 


Professor Crum Brown. 
** Translated from Proc. Roy. Soc. Edin., 29, 200 (1909). 
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To this letter Crum Brown replied on the 9th of June, 
and a scroll of the letter he wrote is among the papers 
preserved. 


8 Belgrave Crescent, Edinburgh. 
June 9, 1906. 


Dear Sir, 


Many thanks for your letter of 
yesterday and the enclosed papers 
which I shall take good care of and 
return to you in a few days. The 
papers have given me a great deal 
of the information I wished, but 
there are still two points on which I 
should like more light. Ist. He 
seems to have been in Berlin for at 
least one session before he attended 
Dr. Sonnenschein’s lectures, and one 
session in Paris before he went to 
Wurtz’s laboratory. Do you know 
how he spent that time? 2nd. I 
know he was in Edinburgh during 
the Winter 1858/59 but I have not 
yet been able to find out in what 
capacity. He was a good deal in 
Playfair’s laboratory but was neither 
a student nor an assistant there as 
far as I can make out. 


I have long wished to know some- 
thing about Couper, but the origin 
of my present research is this. Prof. 
Anschiitz of Bonn is writing a biog- 
raphy of his predecessor Kekulé, and 
wishes to give Couper the credit due 
to him for his contribution to the 
theory of Carbon Compounds made 
about the same time as Kekulé’s 
first paper on the subject, and quite independently of it, and 
he asked me if I could get him some biographical notes about 
Couper. May I tell him that I got most of my information from 
you and that you are Couper’s cousin? 


With kind regards, 
I am, Yours sincerely, 


To Thomas A. Dollar, M.R.C.V.S. 


56 New Bond Street, W. 
26th June, 1906. 


Professor Crum Brown. 
Dear Sir, 


I have delayed answering your letter as I had not got answers 
to enquiries in several quarters. I enclose you the very meagre 
results, viz., a letter from Professor Lyon Playfair and one of 
Mr. Couper’s note-books. I am trying to get the address of a 
lady whose father used to correspond with Mr. C. but who is 
dead, in hope that some of his letters might be preserved. I 
will write you again as soon as I ascertain. 


Yours very truly, 
(Signed) TuHos. A. DOLLAR 


The further progress of the Quest is sufficiently re- 
vealed by the two next following items. 

The first of these is the translation of a portion of a 
typescript copy of a letter written to Couper in 1864 
by a German friend who had been a fellow-student and 
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who had lived with him in Berlin in 1854-56. The 
original was sent by Dollar to Crum Brown for perusal. 


Arnsberg, Westphalia, 20. 4. ’64. 
My dear Friend, 


You are quite right to reproach me for not having replied 
to your two friendly letters of 27th 
October of last year and 4th Janu- 
ary of this year, and for not having 
thanked you for retaining unaltered 
your old friendship for me. Just 
now I have passed through much 
that diverted my thoughts from 
letter writing and directed them 
more towards myself. You will 
know from my sister Minna that I 
have decided to marry and you may 
understand that this decision may be- 
come a serious one for me. I be- 
lieve, however, that I have decided 
rightly, and I hope in the married 
state to lead a life in which God’s 
blessing will not be wanting. 


* * * 


I remain, Your true friend, 


BERRING 


The second item is a word- 
for-word copy of a typescript 
memorandum made by Crum 
Brown. It is not dated, but it 
was no doubt written late in 
1908 or early in 1909. 


How I found Berring! 


When I found that Couper came from Kirkintilloch I went 
there and was introduced by Dr. Whitelaw to Mrs. Little and 
Miss Tait, cousins of Couper. From them I learnt that Mr. 
Dollar, Veterinary Surgeon, London, was alsoacousin. Couper’s 
mother’s maiden name was Dollar, the Veterinary surgeon’s 
father was her brother, and Miss Tait’s mother was her sister. 
I at once wrote to Mr. Dollar for information, and received 
from him a bundle of papers which helped me very much in 
my investigation. Among these papers there was a letter 
dated ‘‘Arnsberg Westpfahlen 20/4 64’ and signed ‘‘Berring.”’ 
The letter is in such very friendly and familiar terms that I 
felt sure that if Berring was still alive he was the man to tell 
me all that I wished to know about Couper’s studies in Germany. 
In the letter he speaks of his own impending marriage, and men- 
tions his sister Minna, but how to find Berring! Now it so 
happened that just a month after I got Berring’s letter from 
Mr. Dollar, we had a visit of two days from Rikka Kaul. Rikka 
is the daughter of Major Kaul of the German army. Her 
mother is the daughter of our old friend Peter Wilson, my 
brother-in-law James Stewart Wilson’s brother. All unknown 
to us Rikka was, I suppose the only person in this country 
who knew anything about Berring. The Kauls used to live in 
Coblenz in their own house, while the Major was stationed at 
Coblenz, but for some years before the time I am speaking of 
he had been transferred to Meschede in Westphalia. I received 
Berring’s letter from Mr. Dollar on June 9th, 1906, and Rikka 
came here on July 9th. All this time I had been puzzling 
myself as to how I could hear anything of Berring. At break- 
fast on the 10th it occurred to me that Rikka had been for some 
years living in WeStphalia and I said to her “‘Rikka, is Berring 
a common name in Westphalia?’’ She started and said ‘I 
don’t know if it is common, but we know a Mr. Berring.”” ACB 





June, 1934 


“‘Arnsberg?”’ Rikka, ‘“He was in Arnsberg but he lives in Co- 
blenz now.’”’? ACB “Is he married?” Rikka ‘Yes, but his 
wife is dead, he has a daughter.’”” ACB ‘‘Has hea sister Minna?”’ 
Rikka in great astonishment ‘‘How do you know Mr. Berring?”’ 
ACB “I know nothing about him, but wish to find out.’”’ I then 
told her all about it and she gave me the Geheimrath’s address. 
I wrote and got a very friendly answer which led to a good deal 
of correspondence, and just as Berring helped me with informa- 
tion about Couper, so I was able to get for him information 
about an old friend of his of whom he had completely lost sight. 
Major Kaul has now retired from the army and lives again in 
his own house at Coblenz. On July 31st 1907 we met the 
Kauls and Mr. Berring at Coblenz and again met Mr. Berring 
at Prof. Anschiitz’s house at Bonn on Sep. 8th 1908. Then he 
told me that his introduction to Rikka also took place in a 
somewhat strange way. Although he and the Kauls had long 
lived in Coblenz, they did not know each other at all. A young 
gentleman, a friend of Mr. Berring, was to be married, and the 
bride would have no one as bride’s maid but Rikka, and she had 
to be sent for to Meschede. After the marriage Mr. Berring 
thought Rikka looked lonely and told his daughter to go and 
speak to her, and thus the acquaintance was made. 


As a result of the information received from Fraulein 
Kaul, Crum Brown wrote at once to Geheimrath Ber- 
ring. A scroll (in German) of his letter is preserved: 


8 Belgrave Crescent, Edinburgh 
11th July, 1906. 


Dear Geheimrath, 


For some time I have endeavored to obtain as much informa- 
tion as possible concerning a highly gifted young chemist, Archi- 
bald Scott Couper, who, while still a young man, became almost 
entirely inactive owing to illness. 

I know that he was born in Kirk- 
intilloch in 1831; that he studied 
in Glasgow, Edinburgh, Berlin, and 
Paris; that he became ill in 1859 
and thereafter never completely re- 
covered; and that from 1862 onwards 
he resided with his widowed mother 
in Kirkintilloch, where he died in 
1892. 

I have recently learned that you 
had been acquainted with Couper 
and I shall be greatly obliged if you 
can tell me anything about him, es- 
pecially concerning his stay in 
Berlin. 


Most respectfully yours, 
ALEX. CRUM BROWN 


To Geheimrath Berring, 
Coblentz. 


To this Geheimrath Berring 
replied: 
Coblenz on Rhine, 


Kurfiirstenstrasse, 91. 
28th July, 1906. 


Dear Professor, 


In reply to your esteemed commu- 
nication of the 11th inst., I respect- 
fully state that I became acquainted with Mr. Archibald 
Scott Couper when I studied in Berlin in the Summer Session, 
1852, and was in daily association with him during the 4 months 
May/August. He lived along with his young friend Alexander 
Hamilton. Both came to Germany in Autumn, 1851, from 
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Edinburgh, where they had passed the examination as “‘ Magister 
artium,” but, to begin with, they remained during the winter 
in the University town of Halle and, in a family recommended 
to them there, had studied the German language with such 
good results that, when we became acquainted with one another, 
this did not any longer present difficulties of any kind to them. 

Couper was a very handsome man of tall slender build and 
of distinguished aristocratic appearance. His fine face, with 
its glowing colour, was animated in the most engaging manner 
by the well-nigh marvellous sparkle of his deep-black eyes. He 
was not, however, in robust health and always had to be con- 
cerned about guarding it. He did not study any particular 
subject in Summer, 1852. Hamilton was a theological student. 
Both went back to Scotland in August, 1852, but in the following 
summer (1853) they again made a journey to Germany and 
were with me for a few weeks’ visit in a small Westphalian town 
not far from the Porta Westphalica on the Weser. 

In autumn of the following year (1854) I again met with 
Couper in Berlin—that is to say, I was already there when he 
arrived—and I lived with him in a small private hotel (Dorotheen- 
strasse, 75) until his departure for Paris in Spring, 1856. Our 
rooms were near each other—separated only by the passage. 
He had meantime resolved on the study of chemistry. I have 
forgotten with which Professor he worked in the laboratory, but 
think it would be with Rammelsberg. Couper afterwards 
wrote to me from Paris that he had made a discovery which 
Professor Kekulé in Heidelberg also claimed for himself, al- 
though wrongly, since priority undoubtedly belonged to him 
(Couper). Our correspondence, however, was not of long 
continuance because Couper, although he could speak German, 
could not write it without difficulty, while I had but little com- 
mand of the English language. So far asI recollect, I have heard 
nothing more of him since the end of 1857. 


I remain, 
Respectfully yours, 
BERRING 


The details furnished by the 
contents of the two typescripts 
and by Berring’s letter indicate 
the successful close of The 
Couper Quest proper. 

In connection with Couper’s 
occupation in the period immedi- 
ately after his return from Paris, 
the following letter from Lyon 
Playfair—in typescript copy 
made by Crum Brown from the 
original mentioned in Dollar’s 
letter of June 8, 1906—affords 
a sidelight that is of interest: 


17 Coates Crescent Edinburgh 
4 Decr/58 


My dear Sir, 


I have written to Professor Bunsen 
strongly expressing my desire to en- 
gage you and asking him to put a stop 
to any arrangements he may have 
been making for me. Conditionally 
on no such arrangements having been 
entered into (and I think it highly 
improbable that they have) I have 
much pleasure in offering you the 
place of my 2nd Assistant at the rate of Salary £100 p. 
Annum, three months’ notice of discontinuance of the engage- 
ment to be given on either side. 

It will be a pleasure to me to promote your private researches 
in hours not occupied with your duties in the Laby. These 
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will occupy from 9 to 4 in Winter and 10 to 5 in Summer—Six 
weeks’ vacation being given to you. 

Kindly inform me whether these conditions are agreeable to 
you and meet your acceptance. Your Duties and Salary to 
commence from Ist Jany. (say 2nd. Jany.). 


Yours truly, 
LYON PLAYFAIR 


As an appendix to this narrative the following pas- 
sages from Anschiitz’s paper in the Proceedings of the 
Royal Society of Edinburgh may appropriately be 
quoted: 

It is difficult to obtain Couper’s ‘‘terchlorophosphate of 
salicyl’” from the product of the action of phosphorus penta- 


chloride on salicylic acid by distilling under ordinary pressure. 
... By working exactly according to Couper’s description, with 
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the materials he used, and distilling quickly, immediately after 
the reaction is finished, under ordinary pressure, terchloro- 
phosphate of salicyl is also obtained, although the yield is not 
so good. In the course of exhaustive investigations, carried 
out along with George Dunning Moore, we were able also to 
confirm Couper’s statements as to the monochlorophosphate 
of salicyl and the phosphosalicylic acid.* 

And thus, certainly late enough, there came a brilliant justi- 
fication of Couper’s work on salicylic acid, work which chemists 
had gradually come to look on as so certainly inaccurate that 
no notice was taken of it in any of the treatises on organic chem- 
istry. How often since then have I longed to know what be- 
came of Couper! 

No doubt, there have been cases of English chemists who, 
after a meteor flash of one brilliant piece of scientific work, 
taken up by other engagements, have for many years been absent 
from the purely scientific field: still they have always attained 
a position which could not allow their names to be overlooked, 
not to say to be forgotten. It was otherwise with Archibald 
Scott Couper. He disappeared so suddenly and so completely 
from the scientific arena that there was not time for his name 
to gain entrance into the English, German, or French books 
of scientific biography. 

It was not his disappointment that, by no fault of his, his 
paper “On a New Chemical Theory”’ was not presented to the 
French Academy of Sciences until after the publication of 
Kekulé’s famous paper ‘‘On the Constitution and Metamor- 
phoses of Chemical Compounds and the Chemical Nature of 
Carbon”’ that broke Couper down, but a severe attack of illness. 

Having returned, late in the autumn of 1858, from France 
to Scotland, he obtained, in the end of December, the post of 
second laboratory assistant to the distinguished Professor Lyon 
Playfair, Edinburgh. 

His future academic position seemed thus made secure. 

But soon after his entry on his new office, Couper suffered 
from a serious breakdown in health, and for two months was. 
under special medical care. On his recovery he went on a 
fishing expedition, when over-exertion and long exposure to the 
sun caused a return of his illness, necessitating retirement and 
medical treatment for a longer time. . . . He never completely 
recovered, and was incapable of undertaking any serious work, 
but lived in retirement, tenderly cared for by his mother... . 
He died .. . on the 11th March, 1892, almost sixty-one years old. 


— * Couper’s paper describing his ‘‘“Researches on Salicylic Acid’” 
are reproduced in No. 21 of the Alembic Club Reprints (London, 
Gurney and Jackson, 1933), together with those on his ‘““New 
Chemical Theory.”’ In the latter he announced, independently, 
the quadrivalent character of carbon and the theory of the link- 
ing of carbon atoms: moreover, he there employed for the first 
time structural formule in which the supposed relationships to- 
one another of the atoms within molecules were indicated by 
means of connecting lines, dotted or continuous. 

A German version of Couper’s two theoretical papers, with 
annotations by Anschiitz, was published in 1911 as No. 183 of 
Ostwald’s Klassiker der exakten Wissenschaften. 





We must not accept any speculations merely because they now appear pleasant, flattering, or ennobling 
to us. We must be content to creep upwards step by step, planting each foot on the firmest finding of the 
moment, using the compass and such other instruments as we have, observing without either despair or con- 
tempt the clouds and precipices above and beneath us. Especially our duty at present is to better our present 
foothold; to investigate; to comprehend the forces of nature; to set our State rationally in order; to stamp: 
down disease in body, mind, and government; to lighten the monstrous misery of our fellows, not by windy 


dogmas, but by calm science. 


Sir Ronald Ross 





LIQUID AMMONIA RESEARCH 
in 1933—4A REVIEW 


GEORGE W. WATT 
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URING the years which have elapsed since the 
D publication of the early work of Franklin, 
Kraus, and Cady which pointed out the pos- 
sibilities of liquid ammonia as a medium for the study 
of chemical phenomena, the attention of many chemists 
has been attracted by this somewhat unusual field of 
research. This widespread interest has not been con- 
fined to those who have furthered the work of Franklin 
in establishing an ammonia system of compounds, but 
workers in other fields have often had occasion to 
take advantage of some of the unusual properties of 
liquid ammonia and liquid ammonia solutions. For 
example, the Dains method for the quantitative deter- 
mination of the halogens in organic compounds is now 
widely used. Further, it is to be remembered that 
this solvent has played an important rdle in Kraus’s 
fruitful researches on the nature of the metallic state 
and on free radicals. 

An annual review of liquid ammonia research should 
be of interest not only to those actively engaged in this 
type of work, but also to others who wish to keep 
informed as to the progress being made in this particular 
field. 

In the past, little attention has been given to the 
problem of accurate determinations of solubilities in 
liquid ammonia. However, this difficulty is being 
rapidly corrected. During the past year, Wiebe and 
Tremearne (1) have developed a satisfactory method 
for measuring the solubility of gases in liquids having 
high vapor pressures and have applied this method 
to the determination of the solubility of nitrogen in 
liquid ammonia. At 25°, the solubility of nitrogen 
was found to increase from 2.22 cc. N2/gram of NH; at 
25 atmospheres to 54.83 cc. Ne/gram of NH; at 1000 
atmospheres. 

Ipat’ev and Teodorovich (2) have reported that 
the solubility of hydrogen at 25° varies between 
97.3 cc. H2/100 cc. NH; at 15 atmospheres and 1575 
ce. H2/100 cc. NH; at 250 atmospheres. The solu- 
bility of helium was determined over a more limited 
pressure range at 20° and was found to vary between 
11.56 cc. He/100 cc. NH; at 5.2atmospheres and 75.22 
ce. He/100 cc. NH; at 38.3 atmospheres. Further, 
it was found that the solubility of both hydrogen and 
helium increases with rising temperature. 

Johnson and Piskur (3) have determined the solu- 
bility of metallic lithium in liquid ammonia. Since 
the solubility of sodium is known to decrease and the 
solubility of potassium to increase with increase in 
temperature, the above authors believed that an earlier 


report to the effect that there is no change in the 
solubility of lithium in going from —80° to 0° might be 
in error due to the nature of the method which was 
used. Accordingly, they have measured the vapor 
pressures of liquid ammonia solutions of high lithium 
concentrations and, by extrapolation of the pressure- 
composition curves, have obtained the composition of 
the saturated solutions at various temperatures. 
They have reported the following values in terms of 
grams of Li/100 g. NH;: 10.698, 10.866, and 11.319 at 
—63.5°, —33.2°, and 0°, respectively, or an increase 
of approximately six per cent. over the temperature 
range investigated. 

Solubility values for twenty-six inorganic compounds 
and for three sets of mixed-salt pairs have been re- 
ported by Hunt and Boncyk (4). They claim to have 
checked their method against the vapor pressure 
method and to have found perfect agreement. It is 
difficult to reconcile Hunt’s statement to the effect that 
sulfur appears to be insoluble in liquid ammonia at 25° 
with repeated observations made in our laboratories 
and particularly with the work of Ruff and Hecht (5) 
who have reported solubility values of 25.65 g. S/100 g. 
solution at 16.4° and 21.00 g. S/100 g. solution at 30°. 

Linhard and Stephan (6, 7) have pointed out probable 
errors involved in Hunt’s method and offer values which 
they believe to be more nearly correct. These values, 
in terms of grams of salt/100 g. of solution, at 0°, are 
reproduced in the following table: 


TABLEI 





Br 





shes 
28.77 
17.88 





Using the above values, Linhard and Stephan have 
studied the influence of ionic radii, solvation of ions, 
and ammonate formation upon the solubility of inor- 
ganic salts in liquid ammonia. Some very interesting 
relationships have been found. 

Patscheke (8) has made a thorough study of the 
solubility of sodium chloride between —76.6° and 43°. 
A solubility maximum, 15.37 g. NaCl/100 g. of solution, 
was found at —9.5°. Above this temperature, the 
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solubility decreases rapidly to a value of 1.76 g. NaCl/- 
100 g. of solution at 43°. Between —76.6° and —9.5°, 
sodium chloride exists in liquid ammonia as the am- 
monate, NaCl:5NH;. Using thermal data supplied 
by earlier workers, Patscheke has calculated the heat 
of solution of this ammonate at —10° and has reported 
a value of —7.75 kg.-cal./mol. It is interesting to 
note that Patscheke obtained a value of 11.52 for the 
solubility of sodium chloride at 0°, as compared with 
the value of 11.37 obtained by Linhard and Stephan. 

Similar studies on the solubility of sodium chloride 
have been carried out by Abe and Hara (9). They have 
determined the solubility of sodium chloride in liquid 
ammonia between —23° and 30° and have reported 
values which are in good agreement with those reported 
by Patscheke for the same temperature range. They 
have found that the transition between sodium chloride 
and the ammonate, NaCl-5NHs, occurs at —9.7° and 
have reported a value of 2.767 atmospheres for the de- 
composition pressure of the ammonate at the transition 
point. 

Johnson and Krumboltz (9a) have described a 
method for the direct determination of solubilities in 
liquid ammonia at —33.9° and have reported solubility 
values for ten inorganic salts. These values, in terms 
of grams salt/100 g. NH; are summarized in the follow- 
ing table: 

TABLEII 





Br Acetate CN 





Li 

Na : 
K 1.026 
NHs 

Ag 





Further, the above authors have given a comprehensive 
and critical discussion of earlier work on the deter- 
mination of solubilities in liquid ammonia. 

Liquid ammonia, with its unusual solvent properties 
and low dielectric constant, affords a valuable medium 
for the study of conductances, since in solvents of low 
dielectric constant ordinary electrolytes are measur- 
ably undissociated. In fact, no electrolyte is known to 
be completely dissociated in liquid ammonia solution 
(19). 

Although other solvents were used in this same con- 
nection, Kraus and co-workers (10-18) have made ex- 
tensive use of liquid ammonia in their studies on the 
properties of electrolytic solutions. The conductances 
of the following electrolytes have been determined 
at or near the boiling point of liquid ammonia: sodium 
phenyl amide, sodium and potassium diphenyl amides, 
sodium and potassium triphenylboron ammides, so- 
dium triphenyl stannide, sodium triphenyl germanide, 
sodium triphenyl methide, disodium tetrapheny] distan- 
nide, dipotassium diphenylhydrazide, sodium benz- 
hydrolate, mono- and disodium diphenyl ketyls, and 
the sodium salts of phenol, a- and $-naphthols, ethyl 
mercaptol, thiophenol, and trimethyltin. Fuoss and 
Kraus (11) have developed a method for evaluating 
the limiting equivalent conductance and the dissocia- 
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tion constant, and this method has been applied to the 
above conductance measurements in those cases for 
which sufficiently accurate data were obtained. Some 
very interesting theoretical conclusions have been 
drawn from the results obtained in these studies. 

As a result of greatly improved methods, older 
values for the conductances of the amides of sodium and 
potassium in liquid ammonia have been corrected by 
the work of Hawes (19) and the concentration range 
has been extended. The data obtained for sodium 
amide do not agree with the theory of Fuoss and Kraus 
or with the simple mass action theory. Somewhat 
better agreement was found in the case of potassium 
amide. 

The extent of anodic dissolution which occurs during 
the electrolysis of certain salts in liquid ammonia has 
been investigated by del Boca (20). It was found that 
the loss in weight of the anode was, in general, greater 
than would be expected on the basis of Faraday’s law. 
Magnesium was not dissolved, and the behavior of 
copper was unusual in that it gave both cuprous and 
cupric ions. Del Boca prefers. to account for the 
deviations from Faraday’s law on the basis of cata- 
phoretic transfers, but also suggests that they might 
be due to the formation of complex cations. 

The photolysis of pure liquid ammonia and of liquid 
ammonia solutions of sodium, potassium, and cesium 
has been studied by Ogg, Leighton, and Bergstrom (21). 
In ultra-violet light of short wave-length, no photo- 
decomposition of pure ammonia was observed, while 
with the solutions of alkali metals, amide formation 
with evolution of hydrogen resulted. They found that 
pure liquid ammonia absorbs light to a longer wave- 
length than does gaseous ammonia and that solutions 
of the alkali metals show continuous absorption 
throughout the ultra-violet. 

Howard and Browne (22) have found that hydrazine 
is formed in small quantities by the thermal action of 
incandescent filaments on liquid ammonia. The maxi- 
mum yield, approximately 03.8 g./gross kw.-hr., was 
obtained with a straight tungsten filament at a tem- 
perature of 3000°. The influence of various factors 
upon the yield of hydrazine obtained has been in- 
vestigated. They believe that the action of the heated 
filament is a purely thermal one and suggest possible 
mechanisms for the formation of hydrazine under 
these conditions. In another paper (23) they have 
reported that the yield of hydrazine varies inversely 
with the pressure and that the yield is not increased 
by the presence of solutes such as ammonium chloride, 
gelatin, etc. 

Shatenshtein and Monoszon (24) have measured the 
vapor pressures of liquid ammonia solutions and have 
used the resulting data to calculate the molecular 
weights of the solutes. Fairly accurate values were 
obtained for non-associated substances. Some quali- 
tative data relative to the degree of association of 
various solutes are given. 

Ipat’ev, Teodorovich, and Druschina-Artemovich 
(25) have developed a method for the determination of 
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the diffusion coefficients of gases in liquids under pres- 
sure. They have found that the diffusion coefficient 
for hydrogen in liquid ammonia at 25° and 30° and at 
pressures varying between 35 and 100 atmospheres is 
unusually high. It has been shown that the diffusion 
coefficient is independent of pressure over the pressure 
range investigated, but that it is more dependent upon 
temperature than is the diffusion coefficient for hydro- 
gen in water. Values for gases in solvents, other than 
liquid ammonia, have also been determined. 

A patent has been issued to Booth, Torrey, and Mer- 
lub-Sobel (26) covering a method for the electro- 
deposition of beryllium from a liquid ammonia solution 
of a beryllium salt such as the iodide or chloride. 

Franklin (27) has pointed out that since cyanamide 
bears the same relationship to ammonia that carbonic 
acid bears to water, compounds of the type R2N-CN, 
where R is an organic group, would be esters of an 
ammonocarbonic acid. In support of this view, he 
and his students have shown that these esters are am- 
monolyzed by potassium amide, an ammono base, in 
accordance with the equation: 


R.N-CN + 2KNH: —> R:NH + K:NCN + NH; 


this reaction being strictly analogous to the hydrolysis 
of an aquocarbonate: 


OC(OC2Hs)2 oe 2KOH —> K:,CO; fb 2C:H;OH 


The diethyl, di-n-propyl, and di-isobutyl esters were 
studied. To show that guanidine may also be thought 
of as an ammonocarbonic acid, they have shown that 
its N,N’, N’’-triphenylester may be ammonolyzed by 
ammonium chloride, an acid in ammonia, at 200°, in 
accordance with the equation: 


CsHsN:C(NH-CoHs)2 + 38NHs3 —_—> HN:C(NHz2)2 ot 3Cs5H;NH2 


With potassium amide at ordinary temperatures, this 
ester is not ammonolyzed, but it is to be remembered 
that it is not hydrolyzed by aqueous hydrochloric acid 
unless heated to 250°. Franklin and co-workers have 
also prepared a number of alkali metal salts of acid 
guanidine esters and describe the ammonolysis of acetic 
acid, acetamide, diphenylacetamide, diphenylben- 
zamide, acetanilide, benzotrichloride, and some nitrogen 
esters of urea. 

Franklin (28) has also reported the preparation of 
alkali metal salts of a number of acid amides, which 
supports the view that these compounds may be 
thought of as aquo-ammono acids, that is, acids which 
are at the same time derivatives of water and of am- 
monia. These salts were prepared by treating the 
acid amides with potassium amide or sodium amide in 
liquid ammonia. Between 250° and 300° these salts 
were found to undergo pyrogenetic decomposition with 
the formation of saturated hydrocarbons and potas- 
sium cyanate (potassium aquoammono carbonate). 

Fernelius and Watt (29) have attempted to prepare a 
salt of an aquo-ammono nitrous acid by the saponifica- 
tion of esters of this acid (the diarylnitrosamines) with 
the amides of lithium, sodium, potassium, and calcium 
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in liquid ammonia at room temperature. No evidence 
of the formation of the salt, KHN-NO, was found, but 
diphenyl and di-p-tolyl nitrosamines were shown to 
react quantitatively with the metal amides in ac- 
cordance with the equation: 

R:N-NO + 2MNH; —> R:.NM + MOH + N:; + NH; 


A number of interesting relationships between the 
water and ammonia systems have been pointed out by 
Wood and Bergstrom (30) in connection with their 
unsuccessful attempts to prepare nitrogen derivatives 
of divalent carbon. They have reported the prepara- 
tion of potassium salts of formic acid and of ethyl 
formate by treatment of these substances with potas- 
sium amide in liquid ammonia. Metal salts of ben- 
zimidazole and of diphenylmethylformamidine, C;HsM :- 
CH-N(CHs;)CeHs, were prepared with solutions of 
metals in liquid ammonia at room temperature. The 
same authors have reported the preparation of a di- 


s. P JN-Ny, 
potassium salt of tetrazine (31), ~. se De by treat- 


ingit with an excess of potassium amide in liquidammonia 
at —40°. By treating the ammonia solution of the 
salt with ammonium bromide, they were able to re- 
cover the tetrazine. It is interesting to note that this 
compound could not be recovered unchanged from 
solvents other than liquid ammonia. 

Baldinger and Nieuwland (32) have prepared the 
a-phenyl derivatives of m-propionitrile, ~-butyronitrile, 
n-valeronitrile, m-capronitrile, and m-heptonitrile by 
treating phenylacetonitrile with sodium in liquid am- 
monia and adding the appropriate alkyl halide to the 
solution of the sodium salt. The following equation 
probably describes the course of the principal reaction: 


Na RX 
CsH;-CH2CN —_—_ CeH;-CH: C:NNa —> C.H;-CH(R)CN 


Physical constants for the products have been reported. 

Vaughn and Nieuwland (33, 34) have studied the 
iodination of monosubstituted acetylenes. Vinyl, 
ethyl, butyl, amyl, heptyl, phenyl, and tolyl acetylenes 
were iodinated with a liquid ammonia solution of iodine. 
The yield obtained and the rate of iodination were 
found to depend upon the nature of the substituent 
group. Vaughn (35) has reported that dialkinyl mer- 
cury compounds react with iodine in liquid ammonia to 
give iodoacetylenes. Thus, dihexinyl mercury gives a 
54% yield of butyliodoacetylene. 

During the past year, a number of interesting studies 
have been made on the organic derivatives of elements 
of the third and fourth groups of the periodic arrange- 
ment of the elements. Kraus and Toonder (36, 37) 
have prepared trimethylgallium ammine by treating 
trimethylgallium etherate with liquid ammonia and 
have studied its properties and reactions. They believe 
that the following equations probably describe the 
reactions of this ammine with sodium in liquid am- 
monia: 
2(CH;);GaNH; + Na —> [(CH;);Ga},NH2Na + 1/:H, +NH; 


2(CH;)3;GaNHs a 2Na — [(CHs)sGa ]}2Nae + 2NH3 
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Trimethyl gallium may be regenerated from the di- 
sodium compound by treating it with ammonium 
bromide in liquid ammonia. With one equivalent of 
sodium, dimethyl gallium chloride is reduced to di- 
methyl gallium which first reacts with the solvent to 
form a monammine, then this ammine loses hydrogen 
to form an amide: 
—'/2He 


Na NH; 
(CHs)2GaCl _—_ (CH3)2Ga _ (CHs)2GaNHs —_ 
(CHs)2GaNH, 


With two equivalents of sodium, the codrdinately 
linked compound, (CH3)2,Ga:NaNH., is formed and it 
wili yield dimethylgallium ammine upon treatment 
with ammonium bromide. 

Johnson and Sidwell (38) have found a method for the 
preparation of very pure germanic imide, HN: Ge: NH. 
It consists in the ammonolysis of germanium tetra- 
iodide, either in liquid ammonia or carbon tetrachloride, 
in accordance with the equation: 


Gel, + 6NH; —> HN: Ge: NH + 4NHiI 


They have also reported work on the reactions of ger- 
manium tetraiodide with primary, secondary, and ter- 
tiary ethylamines. 

Flood (39) has reported that ethylgermanium tri- 
iodide is completely ammonolyzed by liquid ammonia 
to form a nitride which hydrolyzes to give monoethy]l- 
germanic oxide: 


NHs HOH 
C.H;Gel; —_> C.H;GeN —_> (C:H;GeO),0 


Ethylgermanium tribromide has been shown to undergo 
identical reactions. 

After allowing triphenylgermanium to react with 
sodium in liquid ammonia to form the sodium salt, 
(CsHs)sGeNa, Kraus and Sherman (40) have prepared 
the n-propyl, n-butyl, n-amyl, and benzyl derivatives 
of triphenylgermanium by adding the corresponding 
alkyl or substituted alkyl halide to the liquid ammonia 
solution of the sodium salt. By treating the sodium 
salt with triethylgermanium bromide in benzene, they 
have prepared triphenylgermanyltriethylgermanium, 
(CeHs)sGe-Ge(C2Hs)3. This reaction could not be 
carried out in liquid ammonia due to the fact that tri- 
ethylgermanium bromide ammonolyzes readily in that 
solvent. 

As a result of the work of Kraus and co-workers on 
the organic derivatives of the elements of the fourth 
group, it is seen that these elements form compounds 
of the type (R3;A)2, where R is an organic group or 
hydrogen, and that these compounds may be stable in 
liquid ammonia solution or may dissociate to give the 
free group, R;A. Ordinarily, the free group may be 
formed by the reduction of the corresponding halide 
with sodium in liquid ammonia. With excess sodium, 
the free group combines to form the sodium salt. The 
behavior of derivatives of tin, germanium, and carbon 
has been studied, but idue to ammonolysis the corre- 
sponding derivatives of silicon could not be obtained. 
However, by using lithium in ethylamine (a weaker 
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ammonolyzing agent than ammonia), Kraus and 
Eatough (41) have prepared the lithium salt, (CsHs)s- 
SiLi, which when treated with trimethyltin chloride in 
liquid ammonia yielded the compound, (CsHs)3Si-Sn- 
(CHs)3. The silicon-tin bond is broken by sodium in 
liquid ammonia with the formation of. sodium salts of 
the two constituent groups. With bromine, the corre- 
sponding bromides are formed. It is interesting to 
note that with one equivalent of lithiumi in ethylamine, 
they obtained a compound, triphenylsilicyl ethylamine, 
(CeHs)sSi-CzH;NH2. This compound is unusual in 
that it contains an odd number of electrons and yet is 
remarkably stable, as shown by the fact that it can be 
distilled at 150° in a high vacuum without decom- 
position. : 

Kraus and Eatough (42) have also studied the reac- 
tions of sodium triphenylstannide with polyhalogenated 
methanes. With methylene chloride and with chloro- 
form, the following reactions occurred: 


2(CsHs)3SnNa + CHCl, —> [(CeHs)sSn }2CH, + 2NaCl 
3(CsHs) SnNa + CHCl; —> [(CsHs);Sn};CH + 3NaCl 


A somewhat more complex reaction occurred with 
carbon tetrachloride. 

Gruner (43) has found that liquid ammonia may be 
used to remove from minerals water which exists in the 
mineral in the form of [Ca(HOH)2]. He has applied 
this method to the partial dehydration of a number of 
alkali aluminum silicates. It was found that water 
combined with SiO, as H2SiOs or H.SiO, and zeolithic 
water in the anion of the zeolite molecule could not be 
removed by this method. Formulas for a number of 
mineral zeolites have been proposed. 

The metathetic reaction, 


NaNO; + H.N-COONH, —> H:N:COONa + NH,NOs, 


has been studied by Kameyama and co-workers (44). 
The reaction was effected by passing carbon dioxide 
into a liquid ammonia solution of sodium nitrate. 
The utilization efficiency of sodium in the production 
of sodium carbamate was found to be 96-98% and to be 
independent of concentration. 

Zintl and Kaiser (45) have made extensive use of 
liquid ammonia in their work on intermetallic com- 
pounds. They have investigated the ability of metals 
such as germanium, tin, lead, gallium, indium, and 
thallium to form complex anions. Three procedures 
were followed. 1. The metals were used as cathodes 
in the electrolysis of liquid ammonia solutions of 
alkali halides. 2. The metals were treated with 
potassium amide in liquid ammonia. 3. Alkali metal 
alloys were extracted with liquid ammonia. Informa- 
tion secured through the use of the latter method 
showed that germanium as well as tin and lead may 
form complex polyanions. 

By passing nitric oxide into a liquid ammonia solu- 
tion of sodium, Zintl and Harder (46) have prepared 
nitrosyl sodium, (NaNO). Debye-Scherrer photo- 
graphs show that this product is not identical with 
sodium hyponitrite. Biltz and LeBoucher (47) have 
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prepared anhydrous triammonium phosphate by treat- 
ing diammonium hydrogen phosphate with liquid 
ammonia under pressure. 

Jarrey (48) has separated phenols from tar oils by 
extraction with liquid ammonia. Hydrocarbons were 
removed from the liquid ammonia extract by successive 
washings with butane. Phenols thus obtained were 
sufficiently pure for use in the manufacture of resins. 
In connection with his studies on the viscosities of 
various refrigerants, Stakelbeck (49) has measured the 
absolute viscosity of ammonia over a temperature 
range of from —20° to 80°, and from 1 to 25 at- 
mospheres pressure, by the Lawaczek dropping method. 

A number of papers of a more general nature have ap- 
peared during the past year. An interesting account 
of the beginning and early development of liquid am- 
monia work in this country has been given by Taft 
(50). Much of interest to those.interested in ammonia 
chemistry is to be found in the review of the chemistry 
of the alkali amides by Bergstrom and Fernelius (51). 
In considering solvo-systems of compounds, Audrieth 
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(52) has given a brief discussion of the ammonia system, 
and Wolthorn (53) has presented a brief discussion of 
liquid ammonia as a solvent and reaction medium. 

From the foregoing discussion, it is evident that 
liquid ammonia is proving to be a useful tool in the 
solution of a wide variety of chemical problems and 
that a considerable volume of new facts is being 
brought to light by those workers who are providing 
additional information in support of Franklin’s am- 
monia system of compounds. 

In those cases where a given paper forms one of a 
series, the references to earlier work have been omitted, 
since they are invariably to be found in the paper under 
consideration. Any suggestions or criticisms which 
will result in the improvement of a review of another 
year’s work are welcomed. 

The author takes this opportunity to acknowl- 
edge his indebtedness to Dr. W. C. Fernelius of this 
University and to Mr. W. R. Stemen of the editorial 
staff of Chemical Abstracts, for their many helpful 
suggestions during the preparation of this paper. 
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SOME ECONOMIC ASPECTS 
of CHEMICAL PROCESS 


DEVELOPMENT’ 


CHAPLIN TYLER 


E. I. du Pont de Nemours & Co., Inc., Wilmington, Delaware 


T HAS been said repeatedly, and correctly so, that a 

| very large proportion of inventions is worthless, at 
least as regards any possibility of successful com- 
mercial exploitation. In fact it is possible to select 
almost by casual inspection the relatively few inven- 
tions that appear to have real promise. But even these 
promising ideas have little tangible value until they 
have passed successfully one or more stages of process 
development. Some of the essential facts about process 


development and the methods employed to test the 
soundness of a proposed process from the economic 
viewpoint now will be discussed. 

The typical chemical process development is expen- 
sive, because of the considerable time and man-power 
required. For example, a brief ‘‘look’”’ at a process 
requiring the employment of one man for three months 


would cost about $1500, and a more complex investiga- 
tion requiring the employment of four men for twelve 
months would cost about $25,000, not including the cost 
of any extraordinary facilities or services. Develop- 
ment costs amounting to $100,000 or more are by no 
means infrequent. The only certain things about proc- 
ess development are that the cost will be more than 
estimated and the results uncertain. 

Those in charge of development work are faced con- 
tinually with the perplexing question whether money 
should be saved by not undertaking a development, 
at the risk of overlooking a ‘‘good bet,’’ or whether the 
money should be spent, but at the risk of having the 
process prove unattractive. The course of action in 
such cases is determined partly by facts and partly by 
guesswork. 

The fundamental technical factors involved . in 
process development include a study of the underlying 
chemical reactions, changes of state, energy changes, 
time factors, and yield factors. With these data in 
hand, a flow-sheet is constructed, showing the quanti- 
ties of materials and energy at each step of the process. 
Design of equipment, including choice of construction 
materials is the next step, and this is followed by plant 
layout. 

Of equal importance with the foregoing technical 
factors are such economic factors as cost of production, 
cost of plant, market for the product (and cost of 

* Presented at the Fourteenth Exposition of Chemical Indus- 
tries, New York, December 4-9, 19383. A condensation of this 


paper was published in Chemical & Metallurgical Engineering 
for December, 1933. 


marketing), price for the product, and return on the 
investment. After all, the partners or stockholders 
in a company care little whether a process is interesting 
and ingenious technically if it cannot be made to pay. 

Since many costly failures in process development 
are known to have been caused by disregard or lack of 
foresight as respects readily determined economic 
factors, those factors which by experience seem gener- 
ally to be most important will be outlined. 


COST OF PRODUCTION 


Prior to, or early in, the first stage of development 
production costs should be roughed out, and successive 
refinements made as the development progresses. 
The flow-sheet is an excellent guide for the rough cost 
estimates. 

Raw material costs can be set up, first assuming 
theoretical yields with pure materials, subsequently 
substituting the proper yield factors based on techni- 
cally pure materials. Raw materials must of course be 
available in sufficient quantity and of the desired 
specifications. In this connection, it is well to examine 
the depth of supply and the price history; also whether 
any raw material is imported and is thus subject to the 
risks of fluctuating foreign exchange, embargo, or other 
governmental control, import duties, and restrictions 
due to war. 

Aside from materials entering directly into the 
process, there must be considered water supply and 
miscellaneous factory supplies. 

Energy requirements must be set up, including elec- 
tric power for process use, for operation of equipment, 
and for lighting; steam for process use and for heating; 
and fuel for process use. In any metallurgical furnace 
operation, or in any electrothermal or electrochemical 
process, particular pains should be taken to see that the 
energy requirements are estimated as precisely as 
possible. An energy balance based on the chemical 
reactions and changes of state should be made for each 
step of the process. This may disclose a surprising 
deficiency or surplus of heat energy. Power for re- 
frigeration is a factor in some processes. 

Direct labor for process, and ‘‘indirect”’ labor for re- 
pairs and maintenance usually are very important cost 
items. Provision must be made also for supervision 
and factory overhead, which items may amount to 30% 
or more of direct labor cost. 
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Repair materials should not be forgotten, especially 
in any severe service operation such as furnace opera- 
tions, and the handling of corrosive materials. Cost of 
shipping containers also should be considered. 

Such capital costs as depreciation, taxes, and insur- 
ance must be included in factory cost, and will in 
general amount to about 10% of the plant investment 
per year. 

The foregoing items are factory costs, to which 
must be added selling expense and administrative ex- 
pense. These are widely variable, but in general will 
run not less than 10% of the factory cost, not including 
outward freight on the product. Freight may be a 
very large item, and usually will amount to not less 
than $5 to $10 per gross ton of product, depending 
upon the average distance shipped, the freight classifi- 
cation, the type of container, and the quantities 
shipped. 

Finally, the production cost may include credits for 
readily salable by-products, or debits for waste mate- 
rials which must be disposed of to the satisfaction of 
state authorities. 


COST OF PLANT 


Cost of plant can be determined roughly by an analy- 
sis of the various principal equipments for which esti- 
mates are easily secured from manufacturers, or by 
reference to estimating engineers available in every 
fair-sized company. Plant cost includes also cost of 
site; improvements to site, including such service 
connections as sewer, water, power, rail siding, and 
roads; buildings for factory, storage, and office; and 
usually a steam plant. Above the estimated cost of 
plant must be added a generous percentage for con- 
tingencies and for engineering design and contractors’ 
profit. 

Cost of plant is conveniently expressed as dollars 
per ton-year of product, and varies from as low as 
$10-$20 per ton-year on very large bulk operations 
such as superphosphate fertilizer manufacture to as 
high as $100-$200 per ton-year on equally large opera- 
tions, but where the underlying technic is much differ- 
ent, that is, requiring high pressures, high temperatures, 
and nearly automatic control. 

Cost of plant varies also with location, with the type 
of site, and according to the proportion of fully 
standardized equipment which can be used. Special 
design or unusual materials of construction always 
require a premium. 

Also it should be borne in mind that there is a varia- 
tion in cost of plant with the order of capacity. If 
possible, a plant should be at least as large as the 
established minimum economic capacity, otherwise the 
cost easily can be two or three times what it should be 
on a ton-year basis. 


MARKET FOR PRODUCT 


In these days, when there exists an over-capacity in 
almost every line of manufacture, care should be taken 
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to determine whether a market does in fact exist when 
considered in relation to a proposed plant. 

The total existing market for a product is, roughly 
speaking, the domestic production plus imports, minus 
exports, with a correction factor for stocks on hand at 
the beginning and end of the year in question. How- 
ever, such a figure is inclusive of the entire country, 
and almost never represents the market actually avail- 
able to a new producer. ‘The real task is to ascertain 
what share of the total market is likely to be available. 
First of all, a freight-rate study will disclose the eco- 
nomic shipping area. Next, a territorial analysis of 
the market should be made, showing consumption by 
districts (cities or states). The territorial analysis in 
comparison with the freight study will yield a result 
representing the maximum economic market. 

If possible, an independent analysis of the market 
should be made, showing the individual consumers, by 
name, by point of consumption, and by quantities con- 
sumed. Likewise, it is valuable to make an analysis of 
present supply, showing the names, locations, and 
quantities supplied by various producers or importers. 

With the foregoing data in hand, it will be possible 
to make a rational estimate of (1) certain sales, (2) 
probable sales, (3) maximum sales. Without such 
data, the best that can be done is to assume arbitrarily 
that a fixed share, say 10%, or 20%, or 30% of the total 
market can be secured. This method, however, is 
dangerous, as there may be unknown factors that will 
absolutely shut off certain desirable outlets. 

In case the product in question is entirely new, then 
the estimate of consumption must be based upon judg- 
ment as to what existing products can be displaced 
and to what extent. This rather difficult situation is 
best cleared up by submitting samples and price quota- 
tions to prospective customers, followed by a canvass 
for the purpose of ascertaining directly the quantities 
which might be sold. 


PRICE 


When the proposed output of a product is very small 
in relation to existing consumption, it can be assumed 
that the price situation is not likely to be disturbed by 


the new production. However, when the product is 
intended to displace other similar products, sales can 
be achieved only by virtue of lower price, higher quality, 
superior service, or some combination of these factors. 
Estimates of competitors’ costs should be made, in 
order to determine who is in the most favored position as 
respects the effects of a price reduction. Estimates 
also should be made of the probable increase in market 
at various reduced price levels becausé, in general, a 
reduction in price will cause increased consumption. 
This is not always true, however; the important thing 
to determine is what policy will yield the largest total 
profit, not necessarily the largest sales nor the largest 
profit per unit of sales. 


RETURN ON INVESTMENT 


Rate of return on the investment is the ultimate test 
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of attractiveness of any process development. This 
rate is derived very simply by subtracting unit cost of 
sales from price, multiplying by the quantity, and divid- 
ing by the investment. In general, if the resulting rate 
of return is less than 20%, the process is not attractive. 
This may seem high, particularly as existing chemical 
companies rarely earn more than 10% on their invested 
capital. But it has been found that when lean years 
are considered, together with the inevitable tendency of 
estimators to be over-optimistic as regards new proc- 
esses, that a requirement of an indicated 20% return 
is none too severe. In fact, an indicated return of 
30% or 40% is much more comforting, since a small 
price reduction or increase in costs can cut a 20% 
return in half, particularly if the ratio of invested capital 
to value of product is low. 

In calculating rate of return, it should be pointed out 
that the invested capital comprises not only the cost of 
plant, but necessary working capital as well. The 
proportion of working capital to plant (fixed) capital 
varies with the nature of the product, with seasonal 
factors, and with the method of financing sales. In 
general, there should be sufficient cash to cover 30- to 
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60-day bills, and sufficient inventory to handle all 
possible demands, which means from 30 days’ to 6 
months’ production, or an average of 60 to 90 days’ 
production. Accounts receivable will amount to 
about 30 days’ sales. Any working capital above the 
necessary requirements should be considered to be 
surplus, not chargeable to operative investment. 

In conclusion, it is appropriate to point out that at all 
stages of process development there should be com- 
petent legal advice, especially as regards patent protec- 
tion. Briefly it can be said that every process falls 
into one of three classes: (1) It is ‘new and useful,” 
and therefore may be protected by patents. (2) 
It embodies improvements only on an existing basic 
process which is protected by patents held by outside 
interests, in which case proper rights to operate must 
be secured, either by license or purchase of the basic 
patents. (3) It embodies only such art as is old and 
concerning which patent rights have expired. It is 
strictly the function of the patent attorney to deter- 
mine the status of a proposed process. Surely in no 
field is the amateur on more dangerous ground than that 
of chemical patent practice. 





The LIESEGANG PHENOMENON 
APPLIED t#@ BANDED MALACHITE 


R. J. HARTMAN, E. W. KANNING, ano F. GRETCHEN KLEE 


Indiana University, Bloomington, Indiana 


A synthetic banded malachite of remarkable likeness 
to the mineral is demonstrated. The conditions under 
which the synthesis is carried out are similar to those 
which probably existed during the formation of the 
mineral. The peculiar banding of the basic copper car- 
bonate in the synthetic samples is explained by the Liese- 
gang phenomenon of periodic precipitation. 


a ee 


HE KATANGA REGION in the Belgian Congo 
contains the largest deposits of malachite 
in the world. In this country are found small 

deposits of beautifully banded malachite, a semipre- 
cious mineral, which when polished is used for orna- 
mental purposes and for jewelry. 

It is with the origin of the banded species of this 
mineral formation that this paper proposes to deal 
primarily with a single phase of a hypothetical process 
of origin which has either been completely overlooked 


heretofore, or which has been passed over with scant 
attention. 

The copper constituent of banded malachite doubt- 
less had its source in the oxidation product of copper 
sulfide. It would seem logical that copper sulfide, be- 
coming copper sulfate, was taken into solution by 
circulating waters, which may have collected other 
soluble copper salts, and carried them into contact 
with a bed of silica gel which, according to some ore 
concentration theories, such as the submarine magma 
contribution theory, had been formed by the action of 
ascending thermal waters which carried sodium silicate 
and carbon dioxide or ammonium carbonate. Nitroge- 
nous material and carbon dioxide may have been 
furnished by organisms; however, some of the carbon 
dioxide may have been supplied through the action of 
the magma itself. Chamberlain and Salisbury! assert 


1 CHAMBERLAIN AND SALISBURY, “Textbook of geology,” 
1904, Vol. 1, p. 590. 
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that carbon dioxide increases greatly in relative abun- 
dance with expiration of volcanic activity. If such is 
the case, most of this substance could have been sup- 
plied at a time when the period of violent igneous ac- 
tivity had passed and quiescent conditions had set in. 

It is the opinion of the authors that the descending 
water containing the copper salts in solution bathed 
this gel and the salts diffused into the gel and reacted 
with the carbonates in the gel, producing rhythmic 
bands of the basic carbonate of copper. Dehydration 
and pressure have left the rock in the hard solid state. 

Tolman and Clark? claim that the banding of basic 
copper carbonate, which occurs in malachite, may be 
explained by the fact that on purification of the col- 
loidal gel by subsequent crystallization the impurities 
were segregated in distinctly traceable wavy bands. 

An article written by Hall and Shaler® is concerned 
principally with the geology of copper deposits in 
general, though some parts of the theories advanced may 
be adopted as part of the theory of the origin of banded 
malachite. The personal observations of Hall and 
Shaler concerning a theory of the formation of mala- 
chite, though speculative, can be said to be the most 
probable, and the sedimentation theory fostered by 
Lindgren‘ must be quite erroneous for banded malachite 
with which this paper deals. Had these deposits been 
of sedimentary origin, a less distinct line of demarca- 
tion between bands would be expected. 

Liesegang® cites an experiment performed by F. 
Millosevich by which he claims to have reproduced 
malachite synthetically. Millosevich’s synthesis was 
by means of diffusion. He spread some copper chloride 
on the bottom of a test-tube, over it a one-centimeter 
layer of kaolin and over all a layer of crystallized sodium 
carbonate (Na,CO;:10H.O). On warming, the salts 
dissolved in che water of crystallization present, dif- 
fused toward each other, and deposited malachite 
(copper carbonate) within the kaolin layer. With the 
employment of some free water the reaction occurred 
without warming. To account for the occurrence of 
malachite in ore out-croppings, it would be necessary 
to consider the presence of the carbonates of the alkali 
earths in the salt mixture. 

The authors performed the experiment described by 
Liesegang and a green precipitate was obtained in the 
kaolin. It possessed the green color of the rock but no 
pronounced banding. This seems to be a poor pro- 
cedure for the synthetic production of the banded 
malachite. 

Buttenbach* reports that there are two generations of 
malachite, an older, contemporaneous with the original 
gangues of the ore, and a younger, deposited in cavities 





( 2 eek C. F., Jr. AND J. D. Criarx, Econ. Geol., 9, 589 
1914). 
( 3 * SypNEy B., AND MILLARD K. SHALER, tbid., 9, 627 
1914). 

4 LInDGREN, 1bid., 6, 575 (1911). 

5 LIESEGANG, RAPHAEL Epwarp, “Geologischt Diffusionen,”’ 
T. Steinkopff, Dresden and Leipzig, 1913, p. 52. 

6 BUTTENBACH, Ann. du Musee’du Congo, Bruxelles, [2], 1, 
46 (1908). 
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from the solution of the older. Studt states that 
cuprite alters to malaconite and then to malachite. 
Van Hise’ points out that when the oxidation has 
gone far enough to produce tenorite, carbonation and 
hydration may take place, and malachite may be 
produced according to the following reaction: 


2CuO + COz + H:0 = CuCO;-Cu(OH). 


He also points out that if the carbonation goes further, 
as compared with hydration, azurite may be produced 
according to the following reaction: 


6CuO + 4CO, + 2H20 = 2[2CuCO;-Cu(OH)-] 


Tenorite is rather rare and the reason suggested for this 
is that as soon as tenorite is formed it may unite with 
carbon dioxide and water to produce malachite. 

Various plausible theories concerning the origin of 
various copper ores have been expounded, but none 
bears directly on banded malachite. It is the aim of the 
authors to demonstrate that malachite was formed from 
a silica gel, produced from sodium silicate and am- 
monium carbonate or carbon dioxide, which was 
bathed by circulating waters carrying copper salts in 
solution. These salts, having diffused into the gel, 
reacted and formed bands of the basic carbonate in 
periodic precipitation according to Liesegang’s theory 
of rhythmic banding. The mineral, malachite, is the 
final product of millions of years of dehydration and 
pressure upon this gel. 

The experimental work detailed in this paper tends to 
substantiate certain of the geologic theories referred to 
above by the authors. It demonstrates conclusively 
that reactions in silica gel containing carbonate will 
produce, under proper conditions, well-defined bands of 
copper carbonate separated by silica. The banding 
peculiar to malachite formations is faithfully re- 
produced by this method. Briefly, the geologic con- 
siderations entailed are the presence of the cupric ion, 
sodium silicate, carbon dioxide (hence, some form of 
life), and relatively quiescent conditions. All of these 
can be reconciled with the direct submarine magma 
contribution theory. The sodium silicate and the 
carbon dioxide or ammonium carbonate could readily 
have been supplied from the magma itself. Holmes® 
was the first to use a silicic acid jelly of basic reaction 
in the preparation of banded formations. 

It is the contention of the authors that this malachite 
formation was no doubt at one time in a gelatinous 
form similar to that found recently in the Simplon 
tunnel, and, that while in this state, the copper salt 
diffused into a basic silica gel (containing carbonate), 
giving rise to the periodic precipitation of the basic 
carbonate of copper according to the Liesegang phenome- 





7 Van Hisz, C. R., U. S. Geol. Survey Monograph 47, p. 1159; 
Monograph 52, p. 516. 

8 Hotmgs, H. N., J. Am. Chem. Soc., 40, 1187 (1918); ‘““Labora- 
tory manual of colloid chemistry,” 2nd ed., John Wiley & Sons, 
Inc., New York City, 1928, p. 140. 

9 HARTMAN AND Dickey, J. Phys. Chem., 36, 1131 (1932). 
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non. Dehydration and pressure through the ages 
left the copper formation in the solid rock state. 


EXPERIMENTAL 


From approximately one hundred seventy-five ex- 
perimental preparations the eighteen showing the best 
banding are pictured in Plate 1. 

The first horizontal row of test-tubes, A, in Plate 1 
contains two different types of gels. Numbers one to 
three, inclusive, were prepared by mixing equal volumes 
of 1.06 sp. gr. sodium silicate and 0.5 N ammonium 
carbonate solution, while numbers four to six, inclusive, 
were prepared by bubbling carbon dioxide gas through 
1.03 sp. gr. sodium silicate solution at the rate of four 
liters per hour for three to four minutes. Each tube 
was treated separately with the carbon dioxide. 

The horizontal rows of gels, B and C, were prepared 
in a like manner. These gels, contained in partially 
filled and stoppered test-tubes, were allowed to stand 
overnight at room temperature before the copper solu- 
tions were superimposed. 

In order from left to right, over the gel in the first 
test-tube in horizontal row A was placed approximately 
seven cubic centimeters of normal copper nitrate solu- 
tion, in the second test-tube was placed 0.8 N copper 
nitrate, and, in the third, 0.5 N copper nitrate solution. 
The same respective salt solutions were poured over the 
gels in tubes 4, 5, and 6. 

In the horizontal row B over the gel in the first test- 
tube was poured normal hydrated cupric chloride solu- 
tion, over the gel in the second, 0.8 N, and over the 
third, 0.56 N. The same solutions, respectively, were 
placed over the gels of tubes 4, 5, and 6 of this row. 

In row C copper sulfate solutions of the same respec- 
tive normalities were placed over analogous gels. 

Each copper salt solution was replaced with similar 
fresh solutions daily for a period of five days and then 
was allowed to stand untouched for a period of three 
weeks, at which time the accompanying photographs 
were made. 

The higher concentrations of each of the three 
different salt solutions in every case produced more 
numerous bands preceded by greater diffusion (A1, 
A4; Bl, B4; Cl, C4). 

The gels produced from carbon dioxide and sodium 
silicate solution (nos. 4 to 6, inclusive), showed a 
marked tendency to crack, which was probably due to 
the escape of carbon dioxide gas held in the gel as the 
copper salt reacted. In the instances where the gels 
cracked during the diffusion, the bands of precipitated 
copper carbonate followed the line of the crack produc- 
ing wavy bands which were very similar in appearance 
to parts of the rock specimen. Therefore, it seems that 


when the rock was first formed cracks appeared in the 
gel and the bands formed following the line of the crack. 
An example of this is seen in tube B1. 

It was found by the authors that a gel that did not 
crack could be prepared by using 1.03 sp. gr. sodium 
silicate and bubbling carbon dioxide through it at the 
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rate of four liters per hour for only two minutes. After 
standing several days this gel set and furnished a 
splendid medium for the formation of regularly spaced 
bands (Plate 2, tube 5). 

Where copper sulfate was used to bathe the gels 
(row A), there first occurred after some diffusion a blue 
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PLATE 1 


layer resembling azurite in appearance and later a finer 
green stripe formed. After this preliminary diffusion, 
rhythmic bands of copper carbonate periodically oc- 
curred. 

Temperature was found to have a profound effect 
upon the diffusion and formation of bands. At a room 
temperature of about 25°C. the diffusion was slow but 
when the temperature was about 29°C., the diffusion 
and banding were comparatively rapid. This is fur- 
ther substantiated by the fact that the resultant diffu- 
sion and banding of a number of similar gels kept at 
7° to 9°C. in a refrigerator was very slight compared to 
that of the gels held at 29°C. 
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Plate 2 shows tubes containing the synthetic mala- 
chite contrasted with a polished sample of the mineral 
itself pictured in the middle. This sample was ob- 
tained from Ward’s Natural Science Establishment, 
Inc., Rochester, New York, having been collected from 
the district of Katanga, Belgian Congo, Africa. The 
gel in the first test-tube (reading from left to right) was 
prepared from 1.06 sp. gr. sodium silicate solution 
mixed in equal volume with 0.5 N ammonium carbon- 
ate. Over this gel was placed a saturated solution of 
cupric chloride (CuCl). The second test-tube con- 
tained a similar gel covered with a concentrated solution 
of hydrated cupric chloride (CuCl2H20). The third 
test-tube contained a gel made from 1.06 sp. gr. 
sodium silicate mixed with an equal volume of 0.5 V am- 
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during the process of diffusion and banding. The 
copper salt solution used to cover this gel was normal 
cupric chloride (CuCl,-2H,0). The gel in tube number 
six was made from 1.06 sp. gr. sodium silicate mixed 
with an equal volume of 0.5 N ammonium carbonate. 
After gelation a few pieces of metallic copper were 
laid upon this gel and then covered with dilute nitric 
acid solution. 

For purposes of comparison these tubes illustrating 
banding of the type produced in the laboratory to- 
gether with a natural specimen of malachite have been 
included in Plate 2. As may be readily seen, the 
similarity between the synthetic and natural products is 
very marked. It is to be regretted that the accompany- 
ing photographs of the synthetic reproductions as well 


























PLATE 2 


monium carbonate to which had been added five cubic 
centimeters of concentrated ammonium hydroxide per 
each two hundred cubic centimeters of mixture before 
gelation. Over this gel was poured a concentrated 
solution of cupric chloride (CuCl-2H2O). The bands of 
copper carbonate were much finer than those in test- 
tube number two, showing that the presence of ammo- 
nium hydroxide tends to produce thinner bands and a 
greater number of bands. 

The gel contained in the fourth test-tube was pre- 
pared by bubbling carbon dioxide gas at four liters per 
hour for four minutes through sodium silicate solution 
of 1.03 sp. gr. over which was placed, after the gel had 
set, a concentrated solution of cupric chloride (CuCl:- 
2H.0). Test-tube number five also contained a carbon 
dioxide-sodium silicate gel prepared by bubbling carbon 
dioxide through sodium silicate solution of 1.03 sp. gr. 
for only two minutes, producing a gel that did not crack 





as the rock sample do not show their natural color. It 
is only by reproduction of these experiments that one 
can appreciate the astounding similarity of color and 
structure of the synthetic reproduction to the actual 
specimen. 

CONCLUSION 


It is the contention of the authors that the peculiar 
banding of basic copper carbonate in banded malachite 
has been brought about by the slow diffusion of one or 
all of the various soluble copper salt solutions herein 
mentioned into a gel formed by the interaction of car- 
bon dioxide or ammonium carbonate with sodium 
silicate, giving rise to periodically spaced bands of 
varying thickness of insoluble basic copper carbonate 
separated by silica. The authors believe that the 


Liesegang phenomenon is the most logical explanation 
of the formation of banded malachite. 





The EQUATION of STATE 
of a PERFECT GAS 


R. ROSEMAN anp S. KATZOFF 


The Johns Hopkins University, Baltimore, Maryland 


N “A Defence of the Doctrine Touching the Spring 
and Weight of the Air,.....,” published in 1662, 
(1), Robert Boyle showed that the volume of a gas 

varies inversely as the pressure (temperature remaining 
constant). Among English-speaking peoples this law 
is usually called ‘‘Boyle’s Law,’ though on the conti- 
nent of Europe it is attributed to Edme Mariotte, who, 
however, did not publish it until 1676 (2). 

Credit for the discovery of the law of equal thermal 
expansion of gases is given to J. L. Gay-Lussac (1802) 
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For the better underftanding of this experiment, it may not be amifs to take no- 
tice of the following particulars : : 

1. Tuar the tube being fo tall, that we could not conveniently make ufe of it in 
achamber, we were fain to ufe it on a pair of ftairs, which yet were vy | lightfome, 
the tube being for prefervation’s fake by ftrings fo fulpended, that it did fcarce touch 
the box prefently to be mentioned. : 

2. Tue lower and crooked part of the pipe was placed in a fquare wooden box, of 
a good largenefs and depzh, to prevent the lofs of the quickfilver, that might fall 
afide in the transfufion from the veffel into the pipe, and to receive the whole quicke 
filver in cafe the tube fhould break: 

3. THAT we were two to make the obfervation together, the one to take notice at 
the bottom, how the quickfilver rofe in the fhorter cylinder, and the other to pour in 
at the top of the longer, it being very hard and troublefome for one eman alone to 
do both accurately. 

4. That the quickfilver was poured in but by litele and little, according to the 
direétion of him that obferved below, it being far eafier to pour in more, than to 
sake out any, in cafe too much at once had been poured in, 
5. Tuat 


THE PAGE FROM BOYLE’s ARTICLE (REPRODUCED FROM 
Bircu’s SECOND EDITION oF His Works): oN WHICH 
Is ENUNCIATED THE HYPOTHESIS “THAT SUPPOSES THE 
PRESSURES AND EXPANSIONS TO BE IN RECIPROCAL 
PROPORTION.”” THIS ARTICLE First APPEARED IN 1662 


(3), although J.-A. C. Charles, in some earlier unpub- 
lished work (about 1787), had found that oxygen, 
nitrogen, hydrogen, carbon dioxide, and air expand to 
the same extent from 0° to 80° R (4). 


E. Clapeyron (1834)* appears to have been the first 
person to arrive at a single formula connecting the 
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faut done qu'une partie du mercurc demeure dans le tuyau 4 une hau- 
teur telle que l’Air qui eft enfermé étant dans une condenfation qui lui 
donne une force.de reffort capable de foutenir fculement une partie du 
ids de l'Atmofphére, le mercure qui demeurc dans le tuyau, fafle 
ilibre avec le reftes & alors il {€ fera équilibre entre le poids de 
toute cette colomne d'Air, & le poids de ce mercure reite .joint 
avec la force du reffort de l’air enfermé. Or fi I’air fe doit condenicr a 
roportion des poids dont il eft chargé; il fautnéceflairement qu’ayant 
ait une expérience en laquelle le mercure demeure dans Ic tuyau a-la 
hauteur de quatorze pouces, I'air qui eft enfermé dans le refte du tuyau, 
foit alors dilaté deux fois plus qu'il n’¢toit avant l’expérience 5 pourva 
que dans le méme tems les Barométres fans Air élévent leur mercure a 
vingt-huit pouces précifément. ra 
our favoir fi cette conféquence ¢toit véritable, j’en fis I'expérien- 
ce avec le Sieur Hubin . qui eft trés-expert a faire des Barométres & 
des Thermométres de plufieurs fortes. Nous nous fervimes d'un tuyau 
de quarante pouces, que je fis emplir de mercure jufqu’d vingt-tept 
pouces & demi, afin qu'il y eit douze pouces & demi d’air , & qu’c- 
tant plongé d'un pouce dans le mercure du vaiffeau il y cit trentc-neuf 
pouces de refte, pour contenir quatorze pouces de mercure, & vingt- 
cing pouces d’Air dilaté au double. Je ne fus point trompé dans mon 
attente : car le bout du tuyau renverfe étant plongé dans le mercure du 
vaiffeau, celui du tuyau defcendit, & aprés quelques: balancemens, il 
s’arréta 4 quatorze pouces de hauteur 5! & par conféquent lair entermé 
qui occupoit alors vingt-cing pouces, étoit dilaté au double de celui 
qu'on y avoit enfermé, qui n’occupoit que douze pouces & demi. 

Je lui fis faire encore une autre expérience, ob il laiffa vingt-quatre 
pouces d’Air au deffus du mercure, & il defcendit jusques a iept pou- 
ces, conformément a cette hypothefes car fept pouces de mercure fai- 
fant équilibre au quart du poids de toute l’Atmoiphére, les trois quarts 
qui reftoient écoient foutcnus par le reflort de l’air enfermé , dont I’é- 
tendué étant alors de trente-deux pouces, elle avoit méme raifon a la 
premicre érendué de vingt-quatre pouces, que le poids entier de lair 
aux trois quarts du méme poids. 

Je fis faive encore quelques autres expériences femblables, laiffant 
plus ou moins d’air dans le méme tuyau, ou dans d’autres plus ouw'moins 
grands; & je trouvai toujours , qu’aprés l'expérience faite, la propor- 
tion de lair dilaté, a I’étendué de celui qu'on. avoit laiffé au haut du 
mercure avant l’expéricnce, étoit la méme que celle de vingt-huit pou- 
ces de mercure, qui eft le poids. entier de | Atmofphére, a l’exces de 
vingt-huit pouces par deffus la hauteur oi: ildemeuroit aprés l’expérien- 
ce: ce qui fait connoitre fufffamment, qu'on peut prendre pour une 
xégle certaine ou loi de la nagure, que Pair fe condenfe a proportion 
des poids dont il eft chargé. 

Que 


THE PAGE FROM MarioTTe’s Essay (REPRODUCED 
FROM THE 1717 Epition or His Works) ON WHICH 
He States THAT “L’AIR SE CONDENSE A PROPORTION 
DES Porps Dont 1 EsT CHARGE.” Tus Essay First 
APPEARED IN 1676 


pressure, volume, and temperature of a given mass of 
gas (5). By combining the Law of Boyle and Mariotte 


* “Le mémoire de Clapeyron...... fut regu ad l Académie des 
sciences, le 31 décembre 1832, et renvoyé a l’examen d’une commis- 
sion composée d’Arago, Poisson, et Dulong. C'est d ce dernier que 
le mémoire fut envoyé le 11 janvier 1833. Rendu a l’auteur, il fut 
publié par celut-ci, dans le Journal de 1’Ecole Polytechnique, 23e 
cahier, 1834, pages 153-190.”—Private communication from the 
perpetual secretaries of the Académie des sciences, Paris, De- 
cember 18, 1933. 
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DE CHIMIE 157 
que quoique j’eusse reconnu un grand nombre 
de fois que les gaz oxigtne, azote , hydro- 
géne et acide carbonique, et I'air atmosphé- 
rique se dilatent également depuis 0° jusqu’a 
80° , le cit. Charles avait remarqué depuis 
15 ans la méme propriété dans ces gaz ; mais 
n’ayant jamais publi¢ ses résultats , c'est par 
Je plus grand hasard que je les ai’ connus. 
JI avait aussi cherché a déterminer Ja dilata- 
tion des gaz solubles dans l'eau, et il avait 
trouvé 4 chacun une dilatation particuliére 
et différente de celle des autres gaz. A cet 
(gard, mes expériences different beaucoup 
des siennes. 

Te cit. Charles s‘était servi pour appareil 
d'un barométre dont la chambre avait une 
grande étendue. Le gaz qu’il voulait sou- 
mettre a l'expérience était renfermé dans le 
réseryoir du barométre a la température 0° , 
ct sous la pression de 28 pouces de mercure.. 
In plongeant ce baromtre dans l'eau bouil- 
linte, le mercure s’élevait dans le tube, et 
Yexcés de toute la colone sur celle de 28 pou- 
ces -indiquait Je ressort qu’avait acquis le 
gaz: mais le cit. Charles ayant eu la com- 
plaisance de me faire voir son appareil, 
j'ai vu que le tube du barométre étoit trés- 
large par rapport 4 la capacité du réservoiz; 


174 ANNALES 


peur de I'éther et les gaz re dilatent égale- 
ment, nous fait voir que celte propriété ne 
dépend nullement de la nature particulitre 
des gaz et des vapeurs , mais seulement de 
leur état élastique , et elle nous porte, par 
conséquent , @ conclure que tous les gaz et 
toutes les vapeurs se dilatent également par 
Ics mémes degr¢s de chaleur. 

Puisque tous les gaz sont également dila- 
tables par la chaleur et également compres- 
sibles , et que ces deux propriétés dépendent 
Tune de l'autre, comme je le ferai voir 
ailleurs , les vapeurs qui sont également dila- 
tables que les gaz doivent aussi étre égale- 
ment compressibles: mais j'observe que cette 
derniére conclusion ne peut étre vraie qu'au- 
tant que les vapeurs comprimées restent en- 
titrement al'¢tat élastique ; ce qui exige que 
leur température soit assez élevée pour les 
faire: résister & la pression qui tend a leur 
faire prendre I'état liquide. 

J’ai rapporté d’aprés Saussure , et mes 
expériences le confirment , que 'air trés- 
sec et l'air tenant plus ou moins d’eau en dis- 
solution sont également dilatables ; je suis 
donc autorisé a tirer de tout ce que je viens 
de dire les conclusions suivantes. 

1°. Tous les gaz, quelque soient leur den- 
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DE Cuimig, 175 
sité et la quantité d’eau qu’ils tiennent en 
dissolution , et toutes les vapeurs , se dilatent 
également par les mémes degrés de chaleur, 

2°. Pour les gaz permanens , l’'augmenta- 
tion de volume que chacun d'eux recvit 
depuis le degré de la glace fondante jusqu’a 
celui de l'eau bouillante est égale aux ni du 
volume primitif pour le thermomitre divisé 
en 80 parties , ou aux 3%, du méme volume 
pour le thermométre centigrade. 
ql me reste , pour compleéter ce travail ,& 
déterminer la loi de la dilatation des gaz et 
des vapeurs , afin d’en conclure le coéfficient 
de la.dilatation pour un degré queleonque de 
chaleur déterming , et a m’assurer de la vraie 
marche du thermométre. Je vais m’occuper 
de ces nouvelles recherches ; et quand elles 
seront terminées , j‘auvai I'honneur de les 
commuaiquer a I’Jastitut. 





PAGES FROM Gay-Lussac’s ARTICLE (1802) 
On page 157 first mention is made of Charles’ previous unpublished work. Pages 174 and 175 are the concluding pages of the article. 


MEMOIRE 


SUR LA 


PUISSANCE MOTRICE DE LA CHALEUR, 


Pan E. CLAPFYRON . 


INGENIEUR DES MINES. 


§ I. 


Il est peu de questions plus dignes de fixer l’attention des géométres 
et des physiciens , que celles qui se rapportent 4 la constitution des gaz 
et des vapeurs ; le réle qu’ils jouent dans la nature et le parti qu’en tire 
Vindustrie, expliquent les nombreux et importans travaux dont ils 
ont été l'objet ; mais cette vaste question est loin d’étre épuisée. La loi 
de Mariotte et celle de M. Gay-Lussac établissent les relations qui 
existent entre le volume, Ja pression et la température d'une méme 
quantité de gaz; toutes deux ont obtenu depuis long-temps |’assenti- 
ment des savans. Les expériences nouvelles faites par MM. Arago et 
Dulong ue laissent plus aucun doute sur l’exactitude de la premiére 
entre des limites trés étendues de la pression; mais ces résultats im- 
portans n’apprennent rien sur la quantité de chaleur que possédent les 
gaz, et qu’en dégagent la pression ou un abaissement de température, 
ils ne donnent pas la loi des caloriques spécifiques & pression cons- 

XXIII" Cahier. 20 


PAGES FROM CLAPEYRON’S MEmoIR (1834) 


164 PUISSANCE MOTRICE 
en déduirons l’expression de la quantité d'action maximum que pro- 
duit le passage d’une quantité doanée de chaleur, d'un corps entretenu 
a une tenipératare déterminée a un corps entretenu a une temperature 
moindre, et nous arriverons & des relations nouvelles entre le volume, 
la pression , la température et la quantité absolue de chaleur ou le ca- 
lorique latent , des corps solides, liquides ou gazeux. 
Reprenons nos deux corps A et B, et supposons que la température t 
du corps B soit inférieare d'une quantité infiniment petite dt a la 
température ¢ du corps A. Nous supposerons d’abord que ce soit un 
gaz qui serve a la transmission du calorique du corps A au corps B. 
Soit v, le volume du gaz sous la pression p, et 4 la température 4; 
soient p et v' le volume et la pression du méme poids dy: gaz a la tem- 
pérature ¢ du corps A. La loi de Mariotte, combinée avec celle de Gay- 
Lussac, établit entre ces quantités diverses la relation 


py = Bitz, (267+ 4), 


ou posant, pour simplifier, ez = R: 
py = R(267 + 2). 


Le corps A est mis en contact avec le gaz. Soit me = v, ae=p (tig. 3). 
Si Von dilate le gaz d’une quantité infiniment petite dv = ey, la 
température restera constante a cause de la présence de Ja source de 
chaleur A; la pression diminuera et deviendra égale a l’ordonnée dg. 
Maintenant , on écarte le corps A et l’on dilate le gaz dans une enve- 
loppe imperméable a la chaleur, d'une quantité infiniment petite gh, 
jusqu’a ce que la chaleur devenue latente abaisse la température du 
gaz d'une quantité infiniment petite dt, et Vaméne ainsi 4 la tempéra- 
ture ¢ — dt du corps B. Par suite de cet abaissement de température , 
la pression diminuera plus rapidement que dans la premiére partie de 
l'opération , et deviendra ch. Nous approchons maintenant le corps B 
et nous réduisons le volume mh d’une quantité infiniment petite fh , 
et calculée de facon 4 ce que pendant cette compression , le gaz rende 
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with that of Charles and Gay-Lussac, he obtained the 
equation, PV = R(267 + #). The figure 267 was ob- 
tained from the accepted value of the coefficient of ex- 
pansion, 0.00375, due to Gay-Lussac. If for it we put 
273.1, the figure resulting from the later and more ac- 
curate experiments of Regnault and others, we have 
the familiar general gas equation, PV = R(273.1 + 2), 
or PV = RT. This is occasionally referred to as 
Clapeyron’s equation of state of a perfect gas. 

Today, one hundred years after the first appearance 





ROBERT BOYLE 
(1627-1691) 


of Clapeyron’s equation of state, it ‘‘is by no means un- 
common to find this simple formula deduced by a vi- 
cious combination of Boyle’s and Gay-Lussac’s laws.” 
Thus, (a) in a recent well-known textbook of physiologi- 
cal chemistry, the “derivation” is given as follows: 


“V = 2 (Boyle’s law); V = keT (Gay-Lussac’s law); P = ksT 


(The last expression is a corollary of the first two 
laws; it states that at constant volume, the pressure of 
a gas is proportional to its absolute temperature.) 
Multiplying these together, 


T? 
2 ae A 
v2P kiksks =; 
Vp? = kikoksT?; or 
PV = VkikoksT? = kT.” 


(b) In an article published in THis JOURNAL several 
years ago, we read the following: 
“Most high-school texts will develop the gas law 
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equations and leave the student with three formulas to 
remember. I have found it advantageous to combine 
them into one formula which applies in all cases. But 
there are always some students who object to having 
the formula, PVT’ = P’V’T, thrust upon them bodily: 
they want to know why it is so. Some of them are 
satisfied by seeing it developed in the following manner: 
since T varies jointly with P and V, it varies as their 
product, 7. e., 
T:7T™::PV:P'V'; whence PVT’ = P'V'T. 


Those to whom joint variations remain a. mystery 
are usually placated in another way. Write the three 
formulas thus, and apply the axiom of multiplication: 














JacQuEs-ALEXANDRE C&SAR CHARLES* 
(1746-1823) 


Boyle’s Law, PV = P’V' 
PIT 


Charles’ Law { ee VT 


il 


(PVT’)? = (P’V’'T)*; whence, by applying another 


axiom, we have 
PVT" = P'V'T.” 
It is hardly necessary to point out that the equations 
of Boyle’s and Gay-Lussac’s (or Charles’) Laws are 
not simultaneous, and cannot, therefore, be combined 
as is done above. 
Furthermore, the present authors have a feeling that 





* The pictures of Charles and Regnault (p. 353) were very 
kindly furnished us by the perpetual secretaries of the Académie 
des sciences, Paris. 
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VICTOR REGNAULT* 
(1810-1878) 


a good many students of chemistry are not familiar with 
the correct deduction of Clapeyron’s equation of state of 
a perfect gas, starting with the Law of Boyle and 
Mariotte and that of Charles and Gay-Lussac. Accord- 
ingly, the following acceptable methods for the deriva- 
tion of this equation, one of the most important in the 
whole range of physical chemistry, are presented, with 
the hope that they may be of some interest to the read- 
ers of THIS JOURNAL. 

(A) Let Po, Vo, and 7) be the pressure, volume, and 
absolute temperature, respectively, of a given mass of 
gas in an initial state (I), and let P,, Vi, and 7; be the 
pressure, volume, and absolute temperature, respec- 
tively, of the same mass of gas in a final state (III). 
Suppose this latter state to be achieved as follows: 

(I) keeping Po fixed, (II) 


Ps, Ve Le —+ Po, V’, T; 
change J) to 7; 


keeping T; fixed, 








change Po to P; 
(HE). Fi, Vi, Ti- 
For the change from state (I) to state (II) the Law of 
Charles and Gay-Lussac applies, 7. @., 

Vo _ To, 

ee Ti 
For the change from state (II) to state (III) the Law 
of Boyle and Mariotte applies, 7. ¢., 


és P, P, V; 


ee Riles 





Substituting this value for V’ in the preceding equa- 


tion, we obtain 
PoVo _ To  PoVo _ Pili, 
PiV, 


eal r 
Similarly, if P2, V2, and T; represent the pressure, vol- 
ume, and absolute temperature, respectively, of the 








* See footnote, p. 352. 
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same mass of gas in still another state, it can be shown 
that 
Pie BY. PM 


To Ti T2 





In general, then, for a given mass of gas, the value of 
(pressure) -(volume) 


(absolute temperature) ’ 





the expression, is invariable, 


1. @., 
PV page ee 
TT = K, or PV = KT. 

(B) In algebra it is proved that “‘if x, y, z are variable 
magnitudes such that x « y, when gz is constant, and 
x « z, when y is constant, then, x « yz, when y and z 
vary together; and...... if x varies as y, when 2 is 
constant, and x varies inversely as z, when y is constant, 
then, x « y/z when y and z both vary” (6). Applying 
this theorem to the present problem, we have that, since 


V «T, when P is constant (Law of Charles and Gay-Lussac), and 


Sek a : 
V « =, when T is-constant (Law of Boyle and Mariotte), then 


P 
1 
Ve P’ when JT and P both vary. 
2 = AD or PV = KT. 


(C) The volume of a gas is a function of the pressure 
and temperature, 7. e., 


SREY 

















JoserxH Louis Gay-Lussac 
(1778-1850) 
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By the fundamental equation of partial differentiation, 


av av 
ae oo) dP + (57) pa: (1) 


Now from the Law of Boyle and Mariotte, which states 
that 
Ki 


V=5 


(T constant), 
we obtain, by differentiation, 


a ee, ee 
owP/r P2 


and from the Law of Charles and Gay-Lussac, which 
states that 


oe 


—2 | 


i 





V = K.T (P constant), 


we obtain, by differentiation, 


OV V 
(sr Pp = r 
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Substituting these values for (2). and (37). in 


equation (1), we have, 


iv = —5 aP re FAT, or 
av, ap _ar 
ety °F 


This, upon integration, gives 
In V + In P = InT + In K, or 
PV = KT. 


In conclusion, it is to be noted that the methods pre- 
sented here are not strictly independent of each other. 
Thus, the general theorem on variation stated in (B), 
which has frequent application in the physical sciences, 
is usually proved by a process similar to that employed 
in (A), but can be derived more elegantly by method 


(C). 
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NOTE ON OXYGEN DEMONSTRATIONS 
JOSEPH I. OSER 


Simon Gratz High School, Philadelphia, Pennsylvania 


HE TEACHER of chemistry has at his com- 
mand, in the lecture demonstration, a powerful 
instrument which must be used with restraint. 

Long before the present pother about visual education, 
the chemistry teacher employed this most direct means 
of instruction. He has been warned not to abuse it. 


“The noise of an explosion may drive the principle of 
the experiment out of the student’s head,” was the way 
this warning was phrased by an experienced teacher. 
The drama of the experiment must be subordinated to 
its pedagogy. However, it is occasionally difficult to 
resist the temptation! 

In preparing a recent talk for the school assembly it 


proved ‘“‘good theater’? to overemphasize a certain 
group of experiments. In demonstrating the ability of 
oxygen to support combustion, it was found that the 
beauty of the experiments can be much enhanced by 
performing them in almost total darkness. 

In the daytime, in auditorium or classroom, the same 
arrangements to exclude light should be made as are 
necessary for projecting pictures—black shades are 
best. In the evening school it is merely necessary to 
turn off the lights. A small yellow Bunsen flame or a 
candle will furnish sufficient illumination for the ex- 
perimenter. 

The beautiful appearance of the combustions in 
oxygen, in the dark, will prove a revelation. The 
sparkling of iron, the bright yellow glow of charcoal, 
the white glare of magnesium, the yellow blaze of 
phosphorus, the eerie purple flame of sulfur—all assume 
a new and strange beauty in the absence of competing 
light. 











The OSTWALD-VAN’T HOFF 
PHOTOGRAPH and OTHER MEMORIES 
of OSTWALD’S LABORATORY 


C. W. FOULK 


The Ohio State University, Columbus, Ohio 


HE TIME has come to claim credit for my most 
T widely known chemical publication, the photo- 
graph of Ostwald and van’t Hoff. It has been 
reproduced in books and journals all over the world, 
and when first made in 1900 H. W. Morse, who helped 
me take it, and I printed and sold several hundred 
copies. Morse really should have his name here as co- 
author of this paper, but I do not know where to find 
him. He is lost somewhere in the climate of Cali- 
fornia and does not answer my letters. 

The story of the photograph is as follows. As 
Christmas 1900 approached, the students in Ostwald’s 
Physico-chemical Institute were told that van’t Hoff 
was to be the guest speaker at the annual Wezhnachts- 
fest. This Christmas Festival deserves some special 
mention because it was peculiar to the Ostwald Insti- 
tute. In one of the big laboratories a Christmas tree 
was set up, duly decorated, and hung with presents. 
These presents, with the exception of those for the 
children, were specially selected objects intended to 
call attention in a humorous way to some incident in 
the life of the 
recipient or to 
some foible in 
his behavior 
about the lab- 
oratory. An 
American stu- 
dent, for exam- 
ple, persisted in 
laying off coat, 
vest, and collar 
before beginning 
work. This 
comfortable 
habit which at- 
tracts no atten- 
tion at home, 
was unusual in 
a German lab- 
oratory. The 
polite Germans, 
however, said 
nothing. The 
American stu- 





FIGURE 1.—THE ‘BABIES’? ORCHESTRA 


In the front row of these ‘“‘Babies’”’ beginning on the reader’s left is R. Luther; 
then come in order, Bodenstein, Karl Drucker, C. A. Ernst, and F. A. Lidbury. The 
man with the beard above Bodenstein is H. W. Morse. 
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dent’s present on the Christmas tree that season 
was an exceptionally abbreviated pair of swimming 
trunks together with the request that he wear them in 
the laboratory in order to be properly clad. It can well 
be imagined that the passing out of a long list of 
such presents made an hour’s fun. In addition there 
was music. One Christmas the Ostwald family con- 
stituted a small orchestra and at another time the 
Docenten, or young assistant professors, with some of 
the students got up an orchestra called the ‘‘Babies.”’ 
The instruments were toy trumpets, whistles, and the 
like. This orchestra was properly costumed, as Figure 
1 shows. 

Ostwald’s real part in these festivities was to invite a 
distinguished chemist as his guest, to speak to the 
students. I heard two of these guests. In 1899 Lan- 
dolt, of Landolt and Bornstein, talked. He told us 
about his experimental work on the conservation of 
mass during the course of a chemical reaction. In 1900 
van’t Hoff was the guest. His talk was semi-humorous 
and dealt with incidents of his student days and his 
early work on 
stereochemistry. 

I remember 
that van’t Hoff 
had a curious 
habit in his use 
of the black- 
board. He did 
not turn to the 
board when he 
wanted to write 
something on it 
but, keeping his 
face toward 
the audience, 
would feel be- 
hind for chalk 
and then feel 
for the black- 
board. When 
he touched it 
he would jerk 
his hand away 
as if it were 

















FIGURE 2.—OsSTWALD AND VAN’T HOFF IN OSTWALD’S PRIVATE LABORATORY 
This is the photograph that has so frequently been reproduced. 


hot. Finally, having chalk in his hand and the board 
located he would hastily write what he wished and then 
turn again quickly to the audience. 

Now, to the picture-taking. Even in that early day 
my propensity, for photographing distinguished chem- 
ists was well developed and I very much wanted to take 
a picture of Ostwald and van’t Hoff together. Neither 
Morse nor I, however, had the courage to ask permission 
from Professor Ostwald himself, so we approached the 
matter indirectly. Morse had a dozen or so eight by 
ten photographs of California scenery. These we 
mounted in a portfolio and presented to Frau Ostwald. 
Her gracious reception of this present emboldened us to 
tell her how much we wished to 
photograph her husband and van’t 
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great figures in physical chemistry. 
Ostwald was talking rapidly. 
They went directly to the ap- 
paratus with which Ostwald at 
that time was studying the peri- 
odicity in the rate of solution of 
metallic chromium. It was an 
automatic arrangement for record- 
ing on a strip of paper the changes 
in the rate of evolution of hydrogen 
as solution proceeded. We had 
focused on this apparatus and, 
since the men were in a natural 
pose, the flashlight was at once 
set off. (Amateur photographers 
should note that all of these photo- 
graphs are flashlight exposures.) 
Plates were then hastily changed 
and another exposure made. 

One of these photographs, Figure 
3, has never before been reproduced. 
Ostwald himself called attention to 
the inartistic detail of the line of 
the doorframe through his nose. Ostwald also 
made another interesting observation when he first 
saw the two prints. Pointing to van’t Hoff’s ex- 
pression in Figure 2 he said, ‘‘Liebenswirdigkeit’’ 
(amiability) and to the quite different expression 
in Figure 3, ‘Der Gelehrte’ (the learned man). Then 
he shook hands with Morse and me and the interview 
was over. 

There was of course a photograph of the Christ- 
mas tree, too, Figure 4. Fortunately the crowd 
in the foreground shows more than the tree. The 
ladies and children are with a few exceptions from 
faculty families. 





Hoff. She fell in with the idea 
at once and told us to go right 
into her husband’s private lab- 
oratory, set up the photographic 
apparatus, and that she would 
bring in the two professors. We 
did this when the evening arrived, 
but there was a long delay. Fi- 
nally Frau Ostwald came over to 
the laboratory (the dwelling was 
a large house connected with the 
laboratory by a covered passage) 
and told us to have patience. 
She said, ‘‘Mein Man ist schon da; 
van't Hoff ist aber weggeflogen.”’ 
“My husband is here but van’t 
Hoff has flown away.’ What 
happened, we subsequently learned, 
was that van’t Hoff had gone for 
a walk in order to think over his 
forthcoming speech. 

At last they came, these two 











FiGuRE 3.—A HITHERTO UNPUBLISHED PHOTOGRAPH TAKEN AT THE SAME TIME AS 
THE ONE IN FIGURE 2 


Note the different expression on van’t Hoff’s face. 
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AFTERNOON COFFEE 


Another of the pleasant features of Ostwald’s labo- 
ratory of that day was that best of all German customs, 
afternoon coffee. In this case there was also pfann- 
kuchen, a sort of doughnut with jam on the inside. 
This refreshment was prepared under the direction of 
Frau Ostwald who was said to give the money from its 
sale to charity. The crowd usually collected on the 
stairway for this afternoon event. See Figure 6. 
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endowment of the society, was an elaborate affair, 
consisting of a dinner followed by amateur vaudeville 
acts. I remember being with Dr. Bodenstein in the 
banquet hall on the afternoon preceding the event. 
The tables were already in place and I noticed that one 
was on a slightly elevated platform. When asked the 
purpose of that, Dr. Bodenstein said, ‘‘Oh, that table is 
for the higher homologs.’’ Ostwald, Beckman, Wis- 
licenus, and others somewhat lower in the series sat 
there in the evening. 


FIGURE 4.—OSTWALD AND VAN’T HorF ARE EASILY RECOGNIZED IN THIS PICTURE 
The much bearded man second on QOstwald’s right is Boltzman, then professor of theoretical physics at Leipzig. At 


van’t Hoff’s immediate right and a trifle lower is Bredig. 
figure of G. N. Lewis. 
Ostwald and at his left is Béttger. 


Bodenstein is in the lower left of the picture with Professor Ikeda at his left. 
R. Luther is in the upper right corner with a long cigarette holder in his hand. Frau 


In the shadows just above van’t Hoff can be seen the retiring 


In the same row with 


Ostwald is the third female figure from the right side of the picture. 


THE LEIPZIG CHEMICAL SOCIETY FESTIVAL 


In 1901 the Stiftungsfest of the Leipzig Chemical 
Society was held. This was such a colorful affair and 
resulted in such interesting photographs that it is well 
worth a brief description. Dr. Max Bodenstein, now 
head of the Department of Chemistry of the Univer- 
sity of Berlin, but then a young Docent in Ostwald’s 
Institute, was one of the chief committeemen. I had 
the pleasure of working with him in producing the 
unusual photographs shown here. 

The Stiftungsfest, or celebration to commemorate the 


I shall describe only one of the vaudeville events. 
It was the most pretentious and consisted in a scene 
from the lower regions. The stage setting is shown in 
Figure 5. It is the only photograph of the series which 
I did not take. When the curtain went up one saw 
the figures seated at the table on the left. They repre- 
sented old chemists, Dalton, Berzelius, etc. Satan 
was acting as waiter and serving them with drinks as 
ordered. Some of these drinks were very potent. 
Berzelius ordered a glass of liquid bromine and John 
Dalton one of concentrated nitric acid! The old chem- 
ists were in a pessimistic mood and deplored the decay 





FiGuRE 5.—Tuis PHOTOGRAPH WAS TAKEN AT THE CONCLUSION OF THE ACT. THE 


‘“YounGc Woman” Is LipBuRY 


of chemistry on earth. Satan joined in the conversa- 
tion and told them that they were wrong. ‘‘There are 
better chemists on earth now than you fellows were,” 
he said. ‘‘Take Ostwald, forexample. He has written 
more chemical books than you old chemists ever read.”’ 
The old chemists doubted these statements, where- 
upon Satan told them that he would show them the 
state of affairs on earth in his magic mirror. This 
magic mirror was a screen on which 
pictures from a concealed lantern 
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This combination was then re- 
photographed, the negative re- 
touched and a lantern slide made. 
It was a complex process but readers 
will agree that it resulted in a series 
of remarkable slides. I brought 
them all back to America with me 
but, alas, they, together with all but 
a very few of my German negatives, 
were lost in the burning of the Chem- 
ical Laboratory at The Ohio State 
University in 1904. Fortunately, 
however, two postcard pictures had 
been made by grouping and re- 
photographing positives printed 
from the lantern slide negatives. I 
have the two groups that were made 
in this way and it is one of them, 
containing the higher homologs, 
that is reproduced in Figure 7. 

The Julius Wagner slide (Figure 
7) deserves special mention. *‘Wag- 
ner was a short and very fat man. Among the 
Scotch students in the Institute was Fawcett, very 
tall and thin. Fawcett posed for the body of Wagner. 
The final picture was a study in contrasts. Fawcett is 
now a professor of chemistry in Australia. 

Pages could be written of the events of my student 
days in Leipzig, during those two years from 1899 to 
1901, but time and space do not permit. In 1932 I 





were thrown. Satan waved his 
wand and showed Ostwald as in 
E, Figure 7. This was followed 
by others. Beckman (A) and 
Wislicenus (B) are especially to 
be noted. The figure carrying 
the sack on his back (D) was the 
Treasurer of the Society, a factory 
owner in Leipzig. One can see 
from the card he carries that the 
dues were two marks. The one 
holding the pipet and watch was 
Julius Wagner (C), who instructed 
in analytical chemistry. There 
were four more of these “magic 
pictures’ but they were of 
younger men who at that time 
were not yet among the “higher 
homologs.” 

These caricatures were made as 
follows. Dr. Bodenstein posed for 
all of them excepting the one for 
Wagner. Figure 8 shows him in 
the Ostwald pose. A photograph 
was then made, the Bodenstein 
head cut off and an Ostwald head 
obtained from a photograph pur- 
chased in the city put in its place. 


Ficure 6.—IN Tuts Picrure, G. N. Lewis, AT READER’S LEFT, AND LIDBURY 
ARE RECOGNIZED BY THEIR PIPES AND SIMILAR CUP AND SAUCER TECHNIC. 
TALL MAN IN THE WHITE CoAT AT THE TURN OF THE BANISTER IS FAWCETT 


THE 
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revisited the old haunts for the 
first time. The Institute Build- 
ing, Figure 9, looked familiar 
from the outside. Inside it was 
different. Everything was old 
and stained and crowded. Work 
desks had even been placed in 
the corridors. Of the former 
group only W. Bottger, now pro- 
fessor of analytical chemistry, was 
in Leipzig. His hospitality during 
the brief stay that my wife and I 
made will always be a pleasant 
memory. Wolfgang Ostwald and 
Karl Drucker were out of town, 
so I missed them both. 


Ficure 7.—A Group OF PosITIVES MADE FROM FIVE OF THE 
LANTERN SLIDE NEGATIVES 


Beckman (A) is shown working at high pressure; Wislicenus 
(B) is putting two carbon atoms through their paces; Wagner (C) 
is timing the outflow of a pipet; the Treasurer (D) is carrying a 
sack of money; and Ostwald (£) is writing books. 


FIGURE 8.—MaAx BOoDENSTEIN POSED FOR THE OSTWALD 
SLIDE 








FIGURE 9.—OSTWALD’S PHYSICO-CHEMICAL INSTITUTE AS IT WAS IN 1899 AND As IT Is aT PRESENT, FROM THE OUTSIDE. 
ON THE INSIDE Many CHANGES HAVE BEEN MADE 











TESTING the ACHIEVEMENT 


of STUDENTS wn CHEMISTRY 


_AMOS G. HORNEY 


NEED FOR IMPROVED TESTS 


HE HISTORY of the physical sciences shows the 
correlation between their development and the 
development of their measuring instruments. 

The increased exactness of a particular science closely 
parallels the increased precision of its measuring instru- 
ments. The increase in the accuracy of atomic weight 
values from the time of Berzelius to that of Richards 
was of tremendous significance in advancing the 
science of chemistry and can be accounted for partly 
by the increased accuracy of measuring instruments. 
This is also true for the development of sub-atomic 
physics, X-ray analysis of crystals, and the study of 
colloidal phenomena. 

The field of chemical education is handicapped by a 
dearth of devices which accurately measure the results 
of teaching. This difficulty is so fundamental that it 
is the purpose of this article to suggest some of the 
problems connected with measuring the results of 
chemistry teaching, to suggest methods of attack upon 
the problems, and to illustrate these methods by describ- 
ing the development of a test based upon them. 

A fundamental weakness in current efforts to measure 
the results of chemistry teaching has been the assump- 
tion that the typical examinations used by teachers 
are the only possible instruments for such measure- 
ment. If chemistry tests are to have their greatest 
value the conception of what a test is needs to be en- 
larged. A test might be defined as any measuring 
device used to determine desirable changes or lack of 
desirable changes in students. In the sciences we do 
not limit our conception of tests to one kind of instru- 
ment. An analytical balance, for example, is a test 
or a measuring device used to determine differences in 
mass. Litmus paper is the basis of-a test for the pres- 
ence of acids and bases. This conception of a test of 
student achievement undoubtedly needs elaboration 
but it serves to point out the desirability of concerning 


ourselves with various evidences of changes taking © 


place in students as the results of chemistry instruction. 

Commonly, tests have been classified as essay-type 
and the objective or new-type tests.'_ The essay-type 
examination has had wide and general use in testing the 
results of learning. There are, however, two outstand- 
ing limitations of this type of examination. In the first 
place, only a limited sampling of the material to be 
tested can be covered in the time usually allowed, 

1 A classification and discussion of new-type examinations 
has been given by K. M. PeErsING in the J. CnHEm. Epvwc., 8, 
2227-37 (1931). 


The Ohio State University, Columbus, Ohio 
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while, in the second place, the scoring of student re- 
sponses usually fluctuates widely when estimated by 
different competent instructors. To overcome these 
two limitations, new-type objective tests were de- 
veloped. However, the new-type objective tests also 
have certain limitations which interfere with their 
general usefulness. The construction of the new-type 
test requires much time and skill; otherwise the items 
are likely to be too factual. When this is true the 
ability to score well on the examination depends too 
largely upon the student’s memorization of isolated 
facts and too little upon his reasoned understanding of 
the meanings or relationships of these facts. The 
essay-type examination can be constructed in less time 
and requires less skill. 

Current literature on test construction consists very 
largely of arguments for or against new-type tests as 
opposed to essay examinations. 

Apparently the question of the form of the examination has 
engrossed the attention of teachers to the exclusion of other 
questions. It is my belief that this concentration upon the 
form of the test has hindered the development of more satis- 
factory tests in biology. The situation is very similar to an argu- 
ment over the merits of particular automobiles in which all of 
the discussion centers around the advantages of a coupe in con- 
trast to a roadster. The type of body, is, of course, a factor in 
selecting an automobile, but the first question ought to be con- 
cerned with the effectiveness of the motor. An automobile is 
purchased for certain uses and the value of the machine must be 
judged in terms of those uses. In the same way a test or ex- 
amination is made for certain uses and the problem of first con- 
cern to teachers should be the value of particular examinations 
for the uses to which they are to be put.? 

This emphasis upon the uses of biology tests is 
equally pertinent to chemistry tests. Just as a balance 
has an important réle in a chemical laboratory so tests 
or examinations play an important part in the program 
of chemical education. The uses of tests include: 

1. To determine what a student understands at the 
beginning of a course so as to utilize the teach- 
ing time most economically in emphasizing 
needed points; 

2. to guide student study; 

3. to determine student progress in order to know 
what needs to be retaught; 

4. tostimulate student effort; 

5. to provide study exercises which are self- 
directive in the form of self-checking tests; 

6. to provide a basis for student grades; 

7. to evaluate the effectiveness of teaching; 


Tyrer, R. W., ‘‘Tests in biology,” Sch. Sct. Math., 33, 590 
(June, 1933). 















June, 1934 


8. to evaluate particular teaching or administra- 
tive technic; 
. toassist in educational research projects; 

10. to give a continuous audit of student accom- 
plishment so that the public may know some- 
thing of the results of the teaching efforts of the 
school. 


The limits of this article do not permit a discussion of 
these uses but the list suggests the vital connection 
between testing and teaching. 


CRITERIA FOR JUDGING A TEST 


The various uses to which tests may be put make it 
necessary for the teacher, supervisor, or administrator 
to study the problem of test selection carefully in order 
that the tests chosen for use may serve these purposes 
most satisfactorily. Evaluation of the test may be 
accomplished most easily by using certain criteria. 
These are the same for both the user of the test and the 
builder of the test. The following outline suggests 
some of the principal criteria of a good test or ex- 
amination. 

1. Is the test valid? A test is designed to measure 
quantitatively certain particular items in the behavior 
of students. Does the test really measure the behavior 
which it is designed to measure? We might have an 
analogous question in quantitative analysis, for in- 
stance. Does the iodine number of an unsaturated oil 
really measure the degree of unsaturation? 

2. Is the test reliable? A test can include only a 
sample of student behavior. Can it be assumed that 
the results obtained from this sample of behavior are 
the same as would be obtained if the student’s total 
behavior were measured? Similarly, in mineral analy- 
sis reliable results cannot be obtained unless the sample 
chosen for analysis is representative of the ore body. 

3. Is the test objective? In an examination a 
series of responses has been obtained from each student. 
In evaluating a response do different qualified indi- 
viduals give it about the same score or are there wide 
fluctuations in the scoring? A similar problem of 
objectivity is involved in the choice of an analytical 
method. Is the method so objective. that different 
competent analysts obtain similar results? 

4. How delicate are the units of measurement? 
Will the test measure accurately the progress which a 
student makes in one day, in one week, or is the test 
only good for determining the progress made during the 
whole year? For many uses a test is needed which will 
enable us to compare the progress students make in 
chemistry under two different methods of teaching. 
The differences are usually not very great so that any 
determination of difference in student progress re- 
quires a test which measures in relatively small units. 
Similarly, in determining the amount of iron in city 
water, we would probably use a colorimetric or turbidi- 
metric method in preference to a gravimetric method. 
For another purpose, as in the analysis of iron ore, 
a gravimetric or volumetric method might be preferable. 
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5. Is the test practicable? Is the test easily ad- 
ministered? Are the mechanical features of the test 
satisfactory? Does the test provide for diagnostic 
use? Is the time required to administer the test 
reasonable? If tests are to be used as frequently as 
needed in chemistry classes the practicability is an 
important consideration. 

All of the above criteria need to be considered in 
selecting or constructing a test. Too often certain 
criteria have received inadequate attention. The most 
important one of all is validity. Unless a test really 
gives evidence of the changes in students which we hope 
will be brought about as a result of chemistry teaching 
it has no value for chemistry classes. 


CONSTRUCTING A SATISFACTORY TEST 


Valid, reliable, and objective tests which are con- 
venient to use have been devised to measure a student’s 
ability to reproduce and to recognize information ac- 
quired in chemistry classes. Few tests, however, have 
been devised to measure other desired student abilities 
and generally an estimate of these abilities has been 
deduced from the ability of students to recognize or 
reproduce information. 

The assumption that other desired student abilities 
can be deduced from the ability to recognize or re- 
produce information is questionable, as has been shown 
by data obtained in the elementary biology courses at 
The Ohio State University.* Here it was found that the 
scores on tests measuring other abilities correlate with 
informational test scores as follows: information with 
application of principles, 0.40; information with inter- 
pretation of experiments, 0.41; information with ability 
to formulate experiments to test hypotheses, 0.46; and 
the correlation between memory of information and 
skill in use of the microscope, 0.02. This means that 
many students who were able to reproduce biological 
information could not apply biological principles, 
could not interpret experimental data satisfactorily, 
could not plan experiments by which to test hypotheses, 
and were not skilful in using the microscope. What 
analytical chemist would be satisfied with a short-cut 
method of analysis, the results of which correlated 
only 0.50 with the results obtainéd by means of a re- 
liable, valid, and -objective method? The need for 
good measuring instruments in education which will 
measure other desirable student abilities is apparent. 

A plan for developing measuring instruments which 
will provide evidence of the degree to which students 
are reaching each of the important goals of chemistry 
teaching has been suggested by Tyler, who, as a test 
technician has been assisting various departments of 
The Ohio State University to construct examinations. 
He describes a generalized technic for constructing 
achievement tests which seems to be scientifically 
sound and which requires the codéperation of the test 
technician and the specialist in the subject matter being 

3 See TyLer, R. W., “A generalized technique for constructing 


— tests,’ Educ. Research Bull., 10, 199-208 (April 15, 
1931). 
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tested. This general technic for achievement test- 
construction involves the following steps: 


1. Formulation of course objectives. 
2. Definition of each objective in terms of student behavior. 
3. Collection of situations in which students will reveal pres- 
ence or absence of each objective. 
Presentation of situations to students. 
Evaluation of student reactions in light of each objective. 
Determination of objectivity of evaluation. 
Improvement of objectivity, when necessary. 
Determination of reliability. 
Improvement of reliability, when necessary. 
Development of more practicable methods of measurement, 
when necessary. 


The nature of these objectives determines the variety of the 
achievement tests to be constructed. It is obvious that the 
measurements of the information which a student possesses 
may be done with a paper and pencil examination, while a test 
of skill in the use of the microscope would require a different set- 
up. The variety of examinations required in college achieve- 
ment tests is indicated by our work with several departments 
of the University. Thus far we have found at least eight major 
types of objectives. These are: 


Type A, Information, which includes terminology, specific facts, 
and general principles. 

Type B, Reasoning, or scientific method, which includes induc- 
tion, testing hypotheses, and deduction. 

Type C, Location of Relevant Data, which involves a knowledge 
of sources of usable data and skill in getting information from 
appropriate sources. 

Type D, Skills Characteristic of Particular Subjects, which 
include the laboratory skills in the sciences, language skills, 
and the like. 

Type E, Standards of Technical Performance, which includes 
the knowledge of appropriate standards, ability to evaluate 
the relative importance of several standards which apply, and 
skill or habits in applying these standards. 

Type F, Reports, which include the necessary skill in reporting 
projects in engineering or reporting experiments in science and 
the like. 

Type G, Consistency in Application of Point of View, which is 
most apparent in courses in philosophy. 

Type X, Character, which is perhaps the most inclusive, involv- 
ing many specific factors. 

This first step, formulating course objectives, is necessary 
in order to indicate what the tests are to measure and thus to 
define the variety of tests essential for an inclusive measurement 
of student achievement.‘ 


Studies in science and in education have led the 
writer to believe that one outstanding objective in 
education, especially in science teaching, is to teach 
students to use the ‘“‘scientific method’ in solving diffi- 
culties. This objective is important because it touches 
all phases of life. Hence, it is highly desirable to use 
examinations which will indicate whether or not the 
students are actually attaining this goal. We cannot 
depend upon tests of information alone. 

For purposes of test construction it is necessary to 
define specifically in terms of student behavior the 
ability to use scientific methods which we expect 
students to acquire in chemistry. Tyler, in his work 
in biology, attempts such a definition in terms of student 
behavior. He says: 


“When this is done. ... , we find at least three types of student 
behavior involved in scientific method. The first of these is the 


4 Tyier, R. W., Educ. Research Bull., 10, pp. 200-2. 
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ability to formulate a reasonable generalization from specific 
experimental data. The second type of behavior is to plan an 
experiment which could be used to determine whether or not a 
proposed hypothesis is true, and a third type of behavior is to 
apply general principles to concrete situations. A valid test 
of the student’s ability to use the scientific method must then 
consist of situations which require the student to do these three 
sorts of things.’’® 

The purpose of the remainder of this paper is to illus- 
trate the construction of a test to measure this third 
type of behavior in the field of chemistry—the ability 
to apply general principles to concrete situations. 


TESTING CHEMICAL PRINCIPLES® 


It has been assumed that a student understands a 
chemical principle if he solves a problem, the accepted 
solution of which demands the use of that chemical 
principle. The recall of a memorized solution to a 
problem does not prove that a student understands the 
principles involved. Mere recall of the statement of 
a principle does not prove that the principle is under- 
stood. However, if a chemical situation is presented, 
the student can demonstrate his ability to use a 
specific principle by explaining, in terms of the prin- 
ciple and according to the demands of the question, 
the how, why, or what of that which has taken place 
in the situation presented. In brief, therefore, it is 
assumed that a student understands a principle of 
chemistry if and when he can use it in explaining chemi- 
cal phenomena. 


SELECTION OF THE TESTING SITUATIONS 


The collection and selection of situations which would 
test the students’ ability to apply principles of chemis- 
try was difficult. At first, attempts were made to 
describe in some detail situations containing well- 
defined problems which could be solved only by the 
application of specific chemical principles. It was 
necessary that situations commonly presented in 
textbooks be avoided. It soon became apparent, 
however, that such test situations would also have 
tested a student’s ability to read and to observe details. 
Few chemical principles could be tested in an hour be- 
cause much student time would have been consumed 
in grasping the different testing situations; and these 
situations required much time and effort for their con- 
struction. 

Next an attempt was made to choose situations 
typical of those “met in life,’ but the more complex 
situations had the disadvantages just cited and the 
simpler ones are commonly used as textbook illustra- 
tions. 

To develop a practicable method of testing, it is 
important to use testing situations which are easily set 
up and which are readily comprehended by students. 
A solution to this problem eventually developed when 
it was noted that many principles of chemistry must be 

5 TyLer, R. W., “Ability to use scientific method,” zbid., 11, 
1-9 (Jan. 6, 1932). 

6 Based upon a Master’s Thesis submitted to The Ohio State 


University by the writer. The thesis was prepared under the 
supervision of Professors G. R. Twiss and R. W. TYLeEr. 
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used in answering the questions suggested by a chemical 
situation as expressed by a chemical equation. Let us 
consider, for example, FeCl + Zn — ZnChk + Fe. 
What principles of chemistry suitable for testing are 
suggested by this reaction itself and by the reactants? 
Among the suggested principles are the following: 
(1) displacement or the electrochemical series; (2) 
theory of ionization; (3) change of state (zinc can be 
changed at ordinary pressures from solid to liquid to 
vapor within a reasonable range of temperature); (4) 
energy changes accompanying change of state; (5) 
oxidation and reduction. The following questions are 
some that might be asked with reference to the above 
equation in order to determine whether or not a student 
understands oxidation and reduction. 

Rewrite the equation in ionic form indicating the involved 

changes electronically. 

Which elements have been oxidized? - 

Select an element which has been oxidized and explain the 

changes’in its atomic structure in terms of electrons. 

What elements have been reduced in the above equation? 

Select an element which has been reduced and explain the 

changes in its atomic structure in terms of electrons. 

What elements, if any, have undergone neither oxidation nor 

reduction? 

Cite an example of a reducing agent from the above equation. 

From your study of the given equation, would you say that 

the amount of oxidation is more than, less than, or the same 

as the amount of reduction? Prove your answer. 

Two reactions involving practically the same ele- 
ments have several advantages over one reaction in 
test construction. Certain problems for testing certain 
principles are suggested by each reaction and other 
problems are suggested by comparisons between the 
two reactions. The range and variety of testing situa- 
tions is thus greatly increased without adding greatly 
to the information which must be given to the student. 
To accompany the reaction given above, the following 
is suggested: 2FeClh + 3Cl, — 2FeCl; + '27,900 
calories. This equation at once suggests the following 
principles: (5) oxidation and reduction, (6) constant 
heat of formation, (7) energy change, (8) Ostwald’s 
temperature rule, (9) kindling temperature. These 
two equations taken together give a basis for testing 
the nine chemical principles listed. The first twelve 
ef the principles to be listed presently could also be 
tested by these equations. 

Based upon this plan a test was constructed and tried 
out with several high-school and college classes. The 
test used the two following equations: 

(1) CaCO; + 2HCI > CaCh + HO + CO; and 

(2) Ca(OH): + 2HCl — CaClh + 2H:0 
In the manner indicated, these equations served as the 
basis for testing student understanding of the following 
twenty selected principles of chemistry. 
Law of Component Sub- 
stances 


Law of Constant Com- 
position 


1. Properties 5. 

2. Atoms and the Theory of 
Atoms 

3. Formulas, Their Inter- 
pretation and Use 

4. Molecules and the Theory 

of Molecules 


Law of Conservation of 
Matter 
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Theory of Ionization or of 
Electrolytes 
Neutralization 

Boyle’s Law 

Charles’ Law 
Reversibility and Mass 
Action 

Decomposition 
Metathesis 


8. Interpretation and Use of 14. 
Chemical Equations 
9. Avogadro’s Theory 15. 
10. Kinetic Theory 16. 
11. Atomic Structure (Elec- 17. 
tron-Proton Theory) 18. 
12. Chemical Affinity and 
Valence 19. 
13. Classification of Inorganic 20. 
Substances 


Information, such as atomic weights, Avogadro’s 
number, and definitions of terms were given to the 
student so that he was tested only on his ability to use 
the principles of chemistry involved and not on the 
amount of material memorized. The following sample 
illustrates the type of questions used. 


Number 3. How many atoms make up a molecule of calcium 
carbonate (CaCOs;)? 

Number 5. What is the molecular weight of: 
Calcium carbonate (CaCO;)? 
Calcium chloride (CaCl.)? 
Calcium hydroxide (Ca(OH),)? 

. Hydrogen chloride (HCI)? 
Water (H,O)? 
. Carbon dioxide (CO,)? 
Number 12. 
a. From equation (1) it can be seen that one gram-molecular 

weight of carbon dioxide is formed. This is how many 
grams of carbon dioxide? 
How many molecules make up this weight (Read this 
question carefully). 
How many gram molecular weights of hydrogen chloride 
are represented by equation (1)? 
How many individual molecules (not gram mols) of 
hydrogen chloride does it take to make up the weight of 
hydrogen chloride represented in equation (1)? 


Number 13. Using the fundamental ideas in the Atomic, Mo- 
lecular, and Kinetic Theories of Matter, explain briefly how, 
why, and what has taken place in the reaction represented by 
equation (1). 


THE VALIDITY OF THE TEST 


A test must be valid; that is, a good test must meas- 
ure desired student behavior directly and accurately, 
or else it must measure some factor which has a proved 
high correlation with the desired student behavior. 
The measurements of such a factor then serve as an 
index for the desired student behavior. The validity 
of the test prepared in this study has been established 
by the technic used in its construction and by the 
technic developed for evaluating student responses to 
the test. Since the purpose of this test is to determine 
a student’s ability to use selected chemical principles, 
a valid test of this ability must consist of situations 
which require the student to use the selected chemical 
principles in concrete situations. The selection and 
presentation of these situations have been described 
previously. After the situations have been presented 
to the student the validity of the estimation of the 
student’s understanding of chemical principles as pre- 
viously defined will depend upon the technic used in 
evaluating student responses to the situations pre- 
sented. 
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EVALUATION OF STUDENT RESPONSE TO THE TEST 


Since each question tests the understanding of certain 
principles of chemistry, student responses were evalu- 
ated by using the tested principle as a standard. 
Each grader was asked to judge from each answer how 
well the student understood the specific principles in- 
volved. For example, questions 3 and 5 (previously 
quoted) were used to help determine the students’ 
understanding of principles 2, 3, and 4 previously 
listed; question 12 tests principles 3 and 9, and ques- 
tion 13 tests principles 2, 4, and 10. Each principle 
tested in each question was scored on the basis of five. 
From the answer given by the student the grader 
judged whether the student should receive 0, 1, 2, 3, 4, 
or 5 on his understanding of each principle tested by 
each question. This may be further illustrated by 
question 13. Two student replies to this question and 
the average of the scores which they received on each 
principle as judged individually by six graders follow: 
Answer of student 33 to question 13. Ca(OH)2 has entered into 
the reaction with HCl. The calcium combined with two atoms 


of Cl to form CaCl. The H of HCl combined with the (OH). 
group to form water. Heat and energy have been liberated. 


The average scores received by this answer on prin- 
ciples 2, 4, and 10 were respectively 3, 2, and 1. 


Answer of student 45 to question 13. One gram mol. wt. of 
Ca(OH): has reacted with two gram mol. wt. of HCl to form 1 
gram mol. wt. of CaCl, and two gram mol. wts. of HO. 


The tiny atoms making up the molecules according to the atomic 
theory are responsible for making the reaction go because they 
enter into the reaction. Molecules are moving about at a rapid 
speed bumping into each other (molecular theory). 


The average scores received by this answer on prin- 
ciples 2, 4, and 10 were respectively 5, 4,and 4. Again 
it may be pointed out that each grader in scoring each 
student response for a given principle in a given ques- 
tion decided how well that student understood the 
principle. Although the principle was the standard 
of evaluation, thus insuring the validity of the evalua- 
tion, the definition of each principle was left to each 
grader. 

It so happened in this examination that a student 
receiving full credit of five points on each principle 
tested by each question would receive a total of 260 
points, the maximum score possible. One method of 
arriving at a percentage score for each student was to 
divide the points received by 260, and this percentage 
value was called the score on points. 
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For comparing a student’s understanding of one 
principle with his understanding of another, the 
number of points received on each principle could not 
be used, since the total of points possible for one principle 
was not necessarily the same as the total of points pos- 
sible for another principle. That is, a student was given 
more opportunity to demonstrate his understanding 
of some principles than of others. Comparison be- 
tween scores was made possible by converting the 
score in points for each principle to a score in per cent. 
That is, the number of points received for each prin- 
ciple was divided by the total points possible for that 
principle. The average of the per cent. scores received 
on each principle served as the score on principles for 
each student. 


THE OBJECTIVITY OF THE TEST 


A test must be objective; that is, it must be capable 
of being scored with practically the same results by a 
number of qualified individuals. 

In order to determine the objectivity of the test de- 
scribed, the following plan was used. Ten papers, 
selected at random, were used as a sample of student 
response to the test. The scoring of each paper re- 
quired a maximum of 52 subjective judgments on the 
part of the grader. The ten papers, therefore, re- 
quired a maximum of 520 judgments by each grader. 
These ten papers were scored independently by six 
qualified graders. The correlations between the aver- 
age of the scores given by the six graders and the scores 
given by each grader were determined. These six 
graders may be characterized in the following manner. 

Graders A and B are test technicians who have taught 
science on the secondary level. Assistance in the 
construction of science tests on both the secondary and 
on the college level is part of their present work. 

Grader C is a research fellow in chemistry. His 
teaching experience has been limited to assisting in 
college chemistry. 

Grader D has just completed his research for the 
degree of doctor of philosophy in chemistry. He 
taught secondary science for two years. This ex- 
perience was followed by graduate work for a master’s 
degree in chemistry and by seven years’ work in indus- 
trial chemistry. 

Grader E has for a number of years been a professor 
of general college chemistry. 

Grader F has had no teaching experience except as a 
student teacher. He has done graduate work in 


TABLE I 
THE TEN STUDENTS’ UNDERSTANDING OF CHEMICAL PRINCIPLES AS ESTIMATED BY SIX GRADERS 


Mean per cent. score received by the 10 students on each principle 
Chemical Principle Numbers One to Twenty 
11 12 


Grader 


Correlation 
with 


mean Grader 





F 
A 
Cc 
B 
D 
E 


Mean 
The above scores have been rounded off to the nearest whole number. 


0.962 
0.995 
0.896 
0.860 
0.885 
0.963 


44 Mean 


The mean score for each principle and correlations were computed before the above 


numbers were rounded off. The correlation column is the correlation of each row with the mean. 
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TABLE II 


THE TEN STUDENTS’ SCORES ON POINTS AS ESTIMATED BY EACH OF THE SIX GRADERS 


Student Numbers 


Grader 3 15 27 33 


= 


Correlation 
with 
mean 


38 45 58 





60.9 69.6 
58.7 64.6 
64.6 68.1 
63.8 64. 
62.0 66. 


43.8 64.4 
69.3 68.4 
48.0 71.6 
38.1 73.1 
42.3 ; 64.3 
50.3 55.7 71.4 60.8 66. 
48.6 54.9 68.9 36.2 61.8 66. 


The correlation column is the correlation of each row with the mean. 
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chemistry and in education. The letters used above 
will be used in indicating results obtained from the 
scoring of the ten papers by each grader. 

Table I summarizes the ten selected students’ under- 
standing of chemical principles as judged by each of the 
six graders. Table II summarizes the scores on points 
given each of the ten students by each grader, and 
Table III lists the scores on principles given each student 
by each grader. These tables also show the correla- 
tion between the results obtained from the scoring 
of the ten papers by the various graders with the mean 
results of the six graders. 

The correlations are very high, which indicates that 
the scoring of the described test which used no form of 
suggested answers was highly objective and that the 
estimate of any one grader is practically as good as the 
mean estimate of six graders. This means that an 
essay examination can be constructed so as to be scored 
objectively by consciously selecting test situations to 
cover specific objectives and by evaluating the answers 
with reference to these objectives. 


THE RELIABILITY OF THE TEST 


A test must be reliable. This is a third criterion of a 
good test. The reliability of a test is a problem of ade- 
quate sampling. How large a sampling of student 
behavior must be taken in order that practically the 
same results are obtained as would be obtained if an 
infinite number of samples were tested ? 

A determination of the reliability of the test described 
has not been made. By preparing and administering 
two forms of the test, the reliability is reduced to a 
matter of computation. 


RESULTS OBTAINED WITH THE TEST 


It is believed by the writer that the form of the 
testing situations used in this test has several advan- 
tages. One of the most important of these is the great 
amount of student behavior which can be tested in a 


93.9 
93.0 
96.8 
96.9 
97.3 
96.5 


95.7 Mean 


0.988 
0.937 
0.981 
0.967 
0.993 
0.987 


70.3 
70.7 


72.3 
67.3 
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giventime. This test described two chemical situations 
for the students and then asked twenty-three questions 
about chemical principles which could be tested by the 
situations described. Once the student gets the situa- 
tions in mind, he needs to spend little additional time 
in understanding the meaning of each question. If he 
had to grasp the details of a different chemical situa- 
tion in order to understand each question, the number 
of questions which the student could answer in a given 
time would be greatly reduced. A test of this form is, 
therefore, economical in its demands upon student 
time. 

Another advantage is that a wide range of prin- 
ciples can be tested by one test and the test serves as a 
teaching aid by bringing to the student’s mind many 
essentials of chemistry and by enabling him to discover 
and recall relationships existing between those essen- 
tials. Such a test form frequently used may serve as 
practice in perfecting organization and coérdination of 
subject matter by causing the student to form the 
habit of analyzing chemical situations in terms of prin- 
ciples involved. 

This type of test is also easy to construct and is 
economical in its demands upon the test constructor’s 
time. It is possible that a test of this form for testing 
principles can be used advantageously in many subject 
fields. 

The described test was administered to seventy uni- 
versity students, and their papers were scored by one 
qualified grader in the manner previously indicated. 
Space does not permit detailed record of the scores here. 
From the results of the test there was for each student a 
percentage score on his understanding of each principle, 
a total score on points, and a total score on his under- 
standing of principles. The correlation between the 
scores made by these seventy university students on 
principles and their scores on points is 0.892. This 
correlation signifies that, for the purpose of giving total 
estimates of students’ understanding of chemical prin- 


TABLE Ill 


Tue TEN STUDENTS’ SCORES ON PRINCIPLES AS ESTIMATED BY EACH OF THE SIX GRADERS 


Student Numbers 


15 21 27 


Correlation 
with 


38 45 51 58 mean 





56.9 20.2 
60.6 20.6 
64.3 21.0 
62.4 24.1 
59.2 19.7 
69.1 22.4 53.3 58.0 
ean 62.1 21.3 53.2 52.4 


The correlation column is the correlation of each row with the mean. 


45.7 
43.7 
53.3 
52.4 
\ 70.7 


64.6 
42.3 
53.2 
47.3 
49.1 


0.967 
0.976 
0.989 
0.989 
0.951 
0.971 


80.2 21.7 
72.4 17.0 
87.1 29.4 
76.8 26.6 
72.7 25.0 
76.8 28.6 


YY i 24.7 


95.1 
94.3 
97.0 
96.1 
96.2 


83.8 
73.5 
88.0 
81.2 
81.0 
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ciples, either score may be used and in either case the 
students will rank practically the same. An average 
of the students’ scores on any one principle indicates 
relatively how well the class as a whole understands the 
different principles of chemistry as determined by this 
test. This should indicate to a teacher which principles 
are being taught successfully and which are not being 
taught successfully. Table IV lists, in the order of 
best understood to least understood, seventy univer- 
sity students’ understanding of chemical principles as 
determined by this test. It also shows on a percentage 
basis how well they, as a group, understand the various 
principles tested. From the results of the test the 
teacher will be able to help students individually and 
collectively because he can point out to them where 
they are weak and where they are strong in their under- 
standing of chemical principles. 


TABLE IV 
THE UNDERSTANDING OF CHEMICAL PRINCIPLES 
. No. of Rank of Per 
Prin-  Prin- Cent. Times 


Principle ciple ciple* Score Testedt 


Law of Conservation of Matter 

Law of Component Substances 

Law of Constant Composition 

Atoms and Theory of Atoms 

Formulas, Their Interpretation and Use 
Interpretation and Use of Equations 
Chemical Affinity and Valence 
Molecules and Theory of Molecules 
Properties 

Atomic Structure (Electron-Proton Theory) 
Boyle’s Law 

Classification of Inorganic Compounds 
Reversibility and Mass Action 
Decomposition 

Metathesis 

Avogadro’s Theory 

Theory of Ionization or Electrolytes 
Neutralization 

Charles’ Law 

Kinetic Theory 


6 
3 
| 
a 
9 
9 
re 
0 
6 
.2 
4 
.0 
3.1 
2.3 
3 
S 
5.6 
3.4 
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* Principles listed in order of best understood to least understood. 
t+ Number of times the test gave the student an opportunity to demon- 
strate his understanding of each principle. 


CONCLUSIONS 
1. A valid test (valid because it is a true direct 
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measure of desired student behavior) which measures 
the ability of students to use selected principles of 
chemistry has been described. 

2. The reliability of the test has not been deter- 
mined. 

3. The scoring of the test described is objective. 
The estimate of one grader is practically as good as the 
estimate of six. 

4. The test described is a measuring instrument 
which can be used to determine, comparatively, how 
well different principles of chemistry are understood 
by a single student or by a group of students. 

5. The test provides two means of determining 
student scores which rank the students in practically the 
same order. 

6. A unique testing form which is economical in 
its demands upon the time of the test constructor and 
upon the time of the students to whom the test is ad- 
ministered has been developed. 

7. The testing form developed, in the writer’s 
opinion, can be used as a teaching device for the purpose 
of organizing the essentials of chemistry and pointing 
out existing important relationships. 

8. This type of testing form, which uses a single 
situation to suggest a wide range of material to be 
tested, seems to have possibilities of wide application 
in chemistry and possibly also in other subject-matter 
fields. 

9. This study shows that the so-called essay-type of 
question can also be highly objective if the question is 
designed so as to test a specific type of student be- 
havior and if the response to the question is scored with 
that specific type of student behavior as the standard. 
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There is no such thing as absolute truth and absolute falsehood. The scientific mind should never recognize the perfect truth or the 


perfect falsehood of any supposed theory or observation. 


The ordinary crude mind has only two ge MTN HO one for 


truth and one for error; indeed the contents of the two compartments are sadly mixed in most cases; the ideal scien- 


tific mind, however, has an infinite number. 


Each theory or law is in its proper compartment indicating 


the probability ofits truth. As a new fact arrives the scientist changes it from one compartment 
to another so as, if possible, to keep it always in its proper relation to truth and error. 


Henry A. Rowland 





EVOLUTION of the CANDLE 


G. GRIFFIN LEWIS, M.D. 


600 University Block, Syracuse, New York 


N SPITE of the great convenience and comfort of 

our modern heating and lighting systems, there are 

two things which they will never supplant, the wood 
fire and the candle. 

Is there anything more fascinating, cozy, and cheer- 
ful than to sit before a wood fire in a room which is 
solely illumined by the soft mellow glow of candle light? 
It seems to lend beauty and enchantment to everything 
within its radiance; it suggests hospitality and cheer. 
The weary mind and tired nerves, after a hard day’s 
work, are greatly relieved by a light that softens into 
harmony all surroundings. 

Candles therefore have a distinct réle in the lighting 
system of the modern home and are being used more 
and more. 

There is really no room in the house which is not 
susceptible to the subtle charm of candles cleverly used 
for decoration and for light. On the dining table they 
reflect a feeling of friendliness and an invitation to 
pleasant conversation. The gleam of the silver, the 
textures of the linens and dresses, the fine china and 


even personal charms are all enhanced by the flutter- 
ing mellow light of candles. 
It is fascinating to trace the history of the candle 


from the earliest time down to the present. It is a long 
history and one which is bound up in traditions, cere- 
monies, superstitions, and art; and it is still being 
written. 

Candles are mentioned several times in the Bible but 
no direct evidence is given as to the time, form, or of 
what they were made. 

A chandler’s apparatus was found at Herculaneum 
together with a fragment of a candle, which was sup- 
posed to have been made in the first century. 

The most primitive lighting apparatus was simply a 
burning brand snatched from the camp fire. Later the 
pine knot and “rush lights’ were utilized. The latter 
were prepared from the pith of the common reed known 
as the cat-tail, which grew abundantly in swamps. 
These were carefully peeled so that the white pith was 
surrounded only by a thin layer of outer skin to 
strengthen it. They were then set aside to dry and 
later dipped in grease. 

Little advance in the art of candle making was 
brought about until the fifteenth century, when the 
process of molding was introduced. Molded candles at 
first consisted of crude cylinders of wax or solid fatty 
matter with a vegetable fuse or a bit of twisted cloth 
for a wick. Even these were quite experisive at the 
time and consequently were little used except for 
religious purposes. They shed their light.in pagan 


temples and rose to splendid height on the great altars 
of the early churches. 

Tallow being scarce in colonial days, the early 
American colonists were forced to make use of knots 
from pine and fir trees. In 1680 so great were the 
quantities of tar and charcoal made that the stock of 
candle wood was in danger of being exhausted, so that 
in 1690 a law was passed making it a misdemeanor for 
any person to cut pine or fir knots without permission 
from the proper authorities. 

Later on, as tallow became more abundant, candles 
were made by repeatedly dipping flaxen or cotton 
threads in melted tallow. The making of these tallow 
dips was for centuries a home industry. 

There was no more important domestic occasion than 
the annual candle making. It took a week or more to 
prepare for it and when the winter’s supply of candles 
was finally made and the housewife had filled the candle 
boxes with her precious store, there was a sigh of relief 
and a feeling of contentment. 

Later on all the women-folk had to do was to save and 
store up every bit of tallow they could for the annual 
visitation of traveling candle makers, who went from 
house to house. 

In those days people, who made candles to sell, would 
keep large quantities of animal fat suspended from the 
wooden beams of their lofts for days or even weeks, in 
order that the membranous and interstitial matter 
might be broken up by the process of putrefaction. 
We can well imagine how exceedingly offensive were the 
precincts of the tallow chandler’s establishment. 

With the development of the whaling industry and 
the less primitive methods of domestic life, spermaceti 
(a waxy substance obtained from the head of the whale) 
came into general use for candles and still later, in 1830, 
a process was invented by which tallow was refined by 
the use of chromic acid and candle making was revo- 
lutionized. 

Pewter molds were made, from each end of which 
cotton wicks were stretched. The melted material was 
then poured into the molds and allowed to cool. This 
method so simplified the process of candle making that 
candle manufacturing soon developed into a com- 
mercial enterprise of no mean proportions.' 

The old-fashioned candles, however, had the dis- 
agreeable qualities of smoking, dripping, and emitting 
an odor which was quite offensive to the olfactory 
nerve. This was due to the fact that the wick was not 
entirely consumed by the flame and in order to alleviate 
these objectionable features, it was necessary to snuff 
or clip off its charred end frequently. 

Within the last quarter of a century, scientific men 
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have introduced many important improvements into 
the art of candle making so that the candles of today 
are not only smokeless and odorless but also compara- 
tively dripless. 

The flame of a lighted candle is the result of a com- 
bustion of gas. The fatty or oily substances are 
melted and carried by the wick into the interior of the 
flame, where they are converted into gas. 

In the candle of our grandparents’ time the wick, 
which merely consisted of strands of cotton or linen 
thread, stood up straight thus remaining in the center of 
the flame within the outer oxidizing area and, on that 
account, was not completely consumed. The remain- 
ing ash, unless snuffed, would fall down into the cup of 
the candle causing it to sputter, smoke, and drip. 

To obviate this defect devices have been adopted to 
cause the wick to bend over so that its end falls outside 
of the flame causing it to come in contact with the 
oxygen of the air and become completely consumed. 
This was accomplished by using a flat wick of braided 
cotton. Furthermore, in the modern wick the com- 
bustibility is aided by impregnating it with a solution of 
boric acid, niter, and sal ammoniac. 

To obtain the best, clearest, and most steady flame 
the size of the wick must be in proper proportion to 
that of the candle, so that there will always be an 
equilibrium between the quantity of material melted 
and that decomposed by the flame. Too large a wick 
would absorb the melted material too rapidly so that 
the flame would be unduly increased: and the feeding of 
it would be effected under unfavorable conditions. 
Too small a wick would produce the opposite effect; 
the cup at the top of the candle would overflow with 
melted wax causing fluttering and dripping. 

It is not generally known that a candle light is also 
more or less influenced by the condition of the air in 
the room. Did you ever notice that during an evening 
party, the brilliancy of the candles diminishes in 
measure as the air becomes impoverished in oxygen and 
enriched with carbonic acid? 

Modern candles are made in two ways, by molding 
and by dipping. The former method is the cheaper one 
but the molded candle is much inferior to the dipped 
one. They ate made by pouring the melted material 
into pewter molds through which, as in the old family 
molds, wicks are extended from one end to the other. 
When the melted material is poured into these molds 
it is apt to shove the center of the wick more or less to 
one side, which makes it more inclined to drip. 

The dipping method uses ‘“‘wheels”’ from which hang 
by means of chains and balance weights, racks for 
supporting boards from which are suspended wicks of 
the desired length. These boards carry from sixty to 
one hundred twenty wicks. One board at a time is 
lowered so that the wicks fall into the vat of melted 
material. After each dipping they are allowed to cool 
before the dipping is repeated. Each candle is dipped 
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from twenty-five to fifty times, according to the diame- 
ter desired. 

' This method produces a conical candle, which tapers 
toward the top and the wick must necessarily be in the 
center of the candle throughout its whole length. This, 
together with the fact that the candle is composed of 
layers instead of one solid mass, retards the extension of 
the heat to its outer layers, thus favoring the formation 
of a better cup at its top to retain the melted wax. 
The novice may easily differentiate a dipped candle 
from a molded one by cutting a quarter of an inch off 
of the butt and exposing the layers of which it is com- 
posed. 

Present-day candles are made from paraffin and 
stearic acid with or without the addition of some ex- 
tremely hard mineral wax to make them burn slower 
and better and bend less easily in warm weather. 

For the final or color coat beeswax is used—first, 
because it both takes and holds the color better and, 
second, because it has a higher melting point than have 
the stearic acid and paraffin, thus not only strengthen- 
ing the candle but favoring the formation of a better 
cup. 

In solid-colored candles all dips are of the same ma- 
terial, namely, paraffin and stearic acid. Sometimes 
beeswax is included but more frequently not. The 
required amount of dye is added to this mixture to give 
the finished product the desired shade. This is a much 
more simple and less expensive procedure than that 
required in the making of veneered candles but the 
product is much inferior; first, because the same degree 
of hardness exists throughout the candle and dripping is 
not prevented; second, because the stearic acid inter- 
feres with the permanency and brilliancy of the color. 

There is no limit to the color effects that may be 
obtained with candles, for they are made in every con- 
ceivable color and tone. Aniline dyes are used. Some 
shades are only obtainable by the use of mineral colors, 
which is unfortunate as they interfere materially with 
combustion and cause dripping. It is a well-known 
fact that certain colors are more stable than others but 
it is not generally known that in some instances, where 
two or more dyes are used to produce certain shades, 
the mixture may not be nearly as stable as any one of 
the dyes used in the combination. This is particularly 
true with lavender and old blue. Chemists are gradu- 
ally overcoming these defects, however, and each year 
such shades are improving in stability. 

Strange as it may seem, candles of certain colors will 
drip more readily than will those of other colors. Even 
the veneered product in green, black, and burnt orange 
will show such a tendency if the candle is exposed to a 
strong draft or is not held perfectly perpendicular 
while burning. This is due to some unknown chemical 
change which takes place during the mixing process and 
is another defect which chemists will no doubt even- 
tually overcome. 
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Microchemistry has in the last few years become of 
tremendous scientific and industrial importance. Aside 
from vastly improving the technic of the experimenter, 
it has rendered possible, using only a few milligrams of 
substance, the complete analysis and identification of such 
materials as hormones and active principles of drugs, 
obtainable in minute quantities at tremendous expense. 
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HISTORICAL CONSIDERATIONS 


N 1930 BROCKMAN of the University of Georgia 
I published a system of qualitative analysis (1) 
wherein the use of the sulfides as group reagents 
was eliminated. This radical departure from the 
classical method is of great interest and should prove a 
stimulus to research in analytical chemistry. For a 
concise discussion of Brockman’s method, the reader is 
referred to a review (2) of the system by Browning of 
Yale. As to the ‘why and wherefore” of such a sys- 
tem, the preface to Brockman’s book is very enlighten- 
ing. In reviewing the book, Browning says, ‘‘so far as 
the reviewer knows this is the first textbook which has 
seriously placed it’’ (a sulfide-less method) ‘‘before the 
hydrogen-sulfide-gassed worker in qualitative analysis.” 
However, it may be of interest that some years ago 
I ran across a scheme entitled ‘‘Zettnew’s Scheme for 
Qualitative Analysis without the Use of Hydrogen Sul- 
fide or Ammonium Hydrosulfide, Arranged by H. C. 
Bolton, Ph.D.; for the Students of the School of Mines, 
Columbia College” (3). The reason that this system 
has been forgotten is probably to be found in the 
lengthy, cumbersome operations and imperfect separa- 
tions that it involved. 

Although, as Browning points out in his review, 
Brockman’s method suffers from the defect that it 
does not include at least some of the so-called ‘‘rarer’”’ 
metals, the method herein presented likewise includes 
only the “common’’ metals. The “rarer” elements, 
particularly those that are now of commercial impor- 
tance, such as beryllium, titanium, vanadium, and 
molybdenum, will be included in a paper upon which 
work is now being done. Apropos of the so-called 
“rare’’ elements and their relationship to qualitative 
analysis, mention should be made of the discussion 
(4) by Spoerri of the Polytechnic Institute of Brooklyn. 

A factor of no little importance is that the use of a 
sulfide-less method renders analytical chemistry im- 


As for an alternative sulfide-less method of qualitative 
analysis, the mere tdea speaks for itself. 

Although the use of the microscope is unnecessary with 
this method the beginner in qualitative analysis should 
become accustomed to handling minute quantities of sub- 
stance with facility and ease. 
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mediately available in the home laboratories of count- 
less numbers of students and amateurs, which was 
virtually impossible heretofore, because of the hydro- 
gen-sulfide nuisance. 

For a brief résumé of the history and practice of 
microchemistry and microchemical analysis, as well as 
a list of references to the subject, the article of Engelder 
and Schiller should be consulted (5). 


THE METHOD 


The method to be described might appropriately be 
called ‘“‘centrifuge analysis’ because of the constant 
use and importance of the hand centrifuge. When the 
extreme rapidity of centrifuge methods, especially on a 
microchemical scale, is compared with the conven- 
tional, nerve-straining filtration methods, the value of 
the centrifuge becomes highly apparent. 


APPARATUS 


(1) Two-tube hand centrifuge-—The most important 


piece of apparatus. By means of the centrifuge all 
separations of precipitates from mother liquids are 
conducted, as well as the washing of precipitates. The 
centrifuge virtually eliminates the use of filter paper 
and funnels. 

(2) Test-tubes—Of approximately the following 
dimensions: 1 cc.,5 cm. X 0.6cm.; 4cc., 7.5 cm. X 
0.9 cm.; 10 cc., 10cm. X 1.2cm. These can be bought 
ready-made or in the case of the one and four cubic 
centimeter tubes can be blown from glass tubing. 

(3) Test-tube racks——These can be constructed by 
drilling holes in solid blocks of wood, or makeshifts 
may be made by puncturing holes in shallow paste- 
board boxes. 

(4) Microbeakers.—These beakers can be made by 
cutting off the lower portions of appropriately sized 
test-tubes and then flattening the convex surfaces in a 
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hot flame. They should be of five and ten cubic centi- 
meters capacity. 

(5) Capillary pipets—These are constructed by 
drawing out the ends of sections of glass tubing and fit- 
ting them with rubber bulbs. 

(6) Reagents and reagent bottles—The reagents are 
kept in dropper bottles of one fluidounce capacity. 
Those in use in the author’s laboratory, manufactured by 
the Owens-Illinois Glass Company, and very cheaply pro- 
curable through any wholesale druggist, are made of 
green glass and are equipped with droppers passing 
through Bakelite screw-caps, by means of which the 
bottles are kept hermetically sealed. The volume of a 
drop delivered by the dropper of these bottles is ap- 
proximately 0.06 cc. Bottles stoppered by the rubber 
bulbs of the droppers are unsatisfactory, for the drop- 
pers ‘‘jump”’ out of the bottles when the lower sur- 
faces of the bulbs become moist. Of course, reagents, 
like concentrated acetic acid, the fumes of which attack 
rubber, should be preserved in 30-cc. glass-stoppered 
bottles, from which the necessary reagents are remov- 
able by medicine pipets which are kept, when not in use, 
in appropriately labeled 4-cc. test-tubes which stand in 
the rack. 

(7) Absorbent cotton.—In the unusual case wherein a 
precipitate is removable from the mother liquor, with 
difficulty, by centrifuging, a suction pipet-filter is of aid. 
A tiny tuft of cotton is tightly twisted about the 
mouth of the capillary pipet, after which it is used 
to draw up the liquid in the normal fashion. Cotton 
is also used in stoppering the tubes in which group 
centrifugates are preserved for subsequent examination. 

(8) Copper lift-wires—These are thin copper wires 
about fifteen centimeters long which have been twisted 
into a noose at oneend. The noose is just large enough 
to permit a 4-cc. tube to pass through and to rest upon 
it by means of the flange. These are used to raise or 
to lower the tubes out of or into the metal tubes of the 
centrifuge. 

(9) Thin Pyrex rod—for stirring purposes. 

(10) Platinum wire—for flame tests. 
(11) White glazed porcelain spot-plate—used in 
flame tests and for occasional ion tests. 


OPERATIONS 


(1) Centrifugation.—Precipitates are separated from 
their mother liquors by centrifugation in place of the 
classical operation of filtration. Needless to say, single 
samples should always be counterbalanced by water 
tubes. Hereafter the clear liquid obtained by centri- 
fuging and corresponding to the filtrate in filtration 
will be called the centrifugate. 

(2) Washing of precipitates and residues.—Inas- 
much as precipitates usually coalesce into a very com- 
pact mass upon centrifugation, the supernatant liquid 
can be easily removed by means of simple decanta- 
tion or by means of a capillary pipet, the tip of which 
is slightly curved. By tilting the tube and placing the 
curved tip of the pipet against the lower edge of the 
compact precipitate, all the supernatant liquid can be 
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removed. The residue is washed by filling the tube 
half full of hot water (unless otherwise indicated), 
thoroughly shaking, or stirring with the Pyrex rod, and 
centrifuging. The centrifugate here obtained is usu- 
ally rejected. Washing, as customary, should be re- 
peated as often as necessary. 

(3) Evaporations.—Evaporations are carried out 
in microbeakers by very carefully heating with the 
Bunsen burner upon the wire gauze. Great care should 
be taken to prevent spattering. 

(4) Alkalinity or acidity test—The reaction to lit- 
mus is determined by dipping the Pyrex rod into the 
solution and drawing it across the test paper. 

(5) Cleaning capillary pipets—Three beakers, one 
of which is filled with water, are provided. After a 
pipet has been used it is cleaned by pouring some water 
into the second beaker, drawing up some of it into the 
capillary pipet, and then ejecting the contents into 
the third or waste beaker; the process is repeated 
several times. 

REAGENTS 


Unless definitely specified otherwise, all reagents are 
of the concentrations stated in Treadwell-Hall (6). 


PROCEDURE 


The ‘“‘unknown”’ solution consists of the chlorides and nitrates. 
of the common cations. The volume of solution taken for ex- 
amination should not exceed one cubic centimeter. Place the 
solution in a 4-cc. tube, add ten drops of dilute HCl (test with 
litmus), stir with the Pyrex rod, add ten drops of water, stir 
again, and centrifuge. Remove the centrifugate and preserve it 
in a 4-cc. test-tube labeled ‘“‘A.’’ The residue comprises, after 
washing with a few drops of cold water: Group I—AgCl, PbCl:, 
Hg2Cle. 

Analysis of Group I 


To the residue in the 4-cc. tube add 2 cc. cold water, cautiously 
heat almost to boiling, and centrifuge. To the centrifugate add 
three drops of K,CrO, solution. A yellow precipitate indicates. 
the presence of lead. 

The residue washed free from lead with hot water is treated 
with eight drops of concentrated aqua ammoniz, stirred well, 
and centrifuged. A blackened residue indicates the presence of 
mercurous mercury. 

Place two drops of the centrifugate in a 1-cc. test-tube, acidify 
with one or two drops of concentrated HNO;. A white precipi- 
tate of AgCl indicates the presence of silver. 

The content of test-tube ‘‘A’’ is transferred to a 10-cc. beaker, 
treated with five drops of 3% H2O2, and boiled (a). It is now 
made strongly alkaline with a concentrated solution of K2COs3 
(bo). A volume of solution of KOH equal to that of the solution 
in the beaker is now added, together with ten drops of saturated 
Br; solution (c). The mixture is boiled and stirred very cau- 
tiously for one or two minutes, after which it is centrifuged. 
The centrifugate is preserved in test-tube ‘“B.’’ The residue 
is thoroughly washed, and it then comprises: Groups II and 
III—HgO, HBiO;, CuO, Cd(OH)2, PbOz, Ni(OH);, H2MnO;, 
Co(OH)s, Fe(OH)3, CaCO;, BaCO;, SrCO3, MgCOs. 


Notes on the Precipitation of Groups II and III 

(a) Toreduce MnO,” to Mn*+. 

(b) Potassium carbonate is used to precipitate completely the 
alkaline earths, which would be only partly precipitated if potas- 
sium hydroxide alone were used. 

(c) Bromine solution is used to precipitate lead, speed up 
the conversion of cations to anions, precipitate manganese com- 
pletely, etc. 
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Pb++ + 20Br- —»> PbO, | + 2Br- 

Cr+++ + 40H- —> CrO,- + 2H,0 

2CrO.- + 30Br- + 20H-~ —> 2CrO,-~ + 3Br~- + H:0 
Mntt+ + 20H- —> Mn(OH): } 

Mn(OH): + OBr~ —> H2MnO; + Br- 


Separation of Groups II and III 


The residue is treated with six drops of concentrated hydro- 
chloric acid and four drops of 3% hydrogen peroxide (a), stirred 
and warmed if necessary. The resulting solution is treated with 
about 15 mg. of ammonium chloride (5) and then with a sufficient 
number of drops of concentrated aqua ammoniz and four drops 
of hydrogen peroxide (constantly stirring) to render the solution 
distinctly alkaline. Centrifuge and preserve the centrifugate in 
test-tube “C.” The residue is washed thoroughly with cold, 
very dilute aqua ammoniz. (1, p. 20). The residue now con- 
stitutes: Group II—HgNH.Cl, Bi(OH);, H:MnO;, Fe(OH)s, 
Pb(OH).. 


Notes on the Separation of Group II from Group III 


(a) Inthe presence of H,O. many oxides and hydroxides which 
are insoluble in certain acids or dissolve with great difficulty, 
dissolve in these acids readily. Thus, manganese dioxide which 
is insoluble in acetic acid, readily dissolves if H,O2 is added and 
liberates oxygen, half of which apparently comes from the 
manganese dioxide and half from the hydrogen peroxide. 

(b) To keep magnesium in solution. 


Separation of Group IIA from Group IIB 


Dissolve the residue in ten drops of concentrated CH;COOH 
and ten drops of 3% H,02; then add ten drops of solution of 
Na:HPO, (even if the residue does not completely dissolve). 
Bring the mixture to a boil and centrifuge. Preserve the centrifu- 
gate in test-tube ‘‘D.”” Wash the residue thoroughly. It now 
constitutes: Group II—FePO,, BiPOQ,, Pbs(POx,)s. 


Analysis of Group ITA 


The well-washed residue is treated with 1 cc. of solution of 
KOH and heated to boiling. Centrifuge the mixture, dilute to 
3 ce. (a), and to the clear centrifugate add an excess of 3% 
H;O2. The formation of a yellow precipitate indicates the pres- 
ence of lead (0). 

The residue from the lead separation is thoroughly washed and 
dissolved in ten drops of hot, dilute HCl. To four drops of the 
cold solution add ten drops of freshly prepared potassium stannite 
solution and stir with the Pyrex rod. A jet-black precipitate 
should be identified as metallic bismuth (c). 

To the remainder of the solution, diluted with 1 cc. of water, 
add two or three drops of K,Fe(CN). solution. A deep blue 
precipitate indicates the presence of tron. 


Notes on the Analysis of Group IIA 


(a) The solution must be diluted, as Bi(OH); is somewhat 
soluble in concentrated KOH. 


(bs) Pb+++20H- —»Pb(OH),} 
Pb(OH), + 20H- —>2H,0 + PbO,-- 
2PbO.-- oe H:,0, —>Pb.0; { + H,O + O, t 


(c) Upon warming a solution of potassium stannite or upon 
allowing it to stand for a long time, the following changes take 
place: 


in dilute solution, HSn0.- —> OH~ + SnO | (black); 
in concentrated solution, 2HSnO.~ —» SnO;-~-++ H,O+Sn° | 
(black) 


Therefore in testing for bismuth the solution of potassium stan- 
nite must be made immediately before use by adding an excess of 
KOH to a few drops of stannous chloride solution. 


Analysis of Group IIB 


Make the contents of test-tube “‘D’”’ alkaline with solution of 
KOH and then add an excess of eight drops. Add five drops of 
H,0, and -heat to boiling. This causes the_precipitation of: 
Group IIB—H;MnO;, HgO. 
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Centrifuge the mixture, discard the centrifugate, and wash the 
residue. Dissolve the residue in eight drops of dilute HCl and 
five drops of H2O2 and heat to boiling. To three drops of the 
resulting solution add five drops of concentrated HNO; and boil 
(a) down to about one-fourth of a cubic centimeter or almost to 
dryness. Add three more drops of concentrated HNO; and about 
15 mg. of PbO: and heat to boiling. Dilute with 1 cc. of water 
and centrifuge. A pink supernatant liquid indicates the presence 
of manganese. 

Evaporate the remainder of the solution almost to dryness, 
to decompose excess H,O, (6). Dilute with five drops of water 
and add three drops of SnCl, solution; allow to stand for five 
minutes. A white to gray or black precipitate indicates the 
presence of mercuric mercury. 


Notes on the Analysis of Group IIB 


(a) 2Mntt + 5PbO, + 4H*+—~> 5Pbtt + 2H20 + 2MnOQ,~ 
2HMnG + 14HCI—> 8H;0 + 2MnCl, + 5Ch ft 


Therefore hydrochloric acid must be eliminated to prevent it 
from interfering with the test for manganese. 

(6b) Excess H,0: must be decomposed as otherwise Sntt 
would be oxidized to Sn*++*+, thereby preventing it from reduc- 
ing Hg*++ to Hg.t*. 

Analysis of Group III 


The contents of test-tube ‘‘C’’ are diluted with ten drops of 
water, and then treated with eight drops of solution of NazHPO, 
and five drops of concentrated aqua ammoniz, which causes the 
precipitation of: Group III—Ca;(PO,)2, Srs(POx,)2, Bas(POx)2, 
MgNH,PO,. 

The mixture is centrifuged; the centrifugate being preserved 
in test-tube ‘‘E’”’ while the residue is thoroughly washed with 
very dilute aqua ammonize. The residue is now dissolved in 
fifteen drops of dilute acetic acid and the resulting solution is 
treated with five drops of solution of potassium chromate. A 
yellow crystalline precipitate of barium chromate indicates the 
presence of barium. Centrifuge off the precipitate, preserve 
the centrifugate for further tests, and wash the residue. Mix the 
residue with three or four drops of water, and transfer to the 
cavity of a spot-plate. To the mixture on the spot-plate add 
two drops of concentrated hydrochloric acid. With a platinum 
wire, which has alternately been dipped into concentrated hydro- 
chloric acid and then held in a colorless Bunsen flame until it no 
longer colors the flame, a “flame test” is run upon the mixture. 
An apple-green flame coloration indicates the presence of barium. 

The centrifugate from the barium chromate separation is 
treated with ten drops of dilute sulfuric acid and heated to 
boiling (a). A white crystalline precipitate of strontium sulfate 
indicates the presence of strontium. Centrifuge, and treat the 
residue with five drops of solution of ammonium sulfate. Centri- 
fuge again and combine the ammonium sulfate centrifugate with 
the acid centrifugate obtained in the immediately preceding 
operation (6). Wash the residue and proceed with a flame test 
as for barium. A beautiful crimson flame coloration confirms the 
presence of strontium. 

To the solution from the strontium sulfate separation add 
potassium carbonate solution to alkalinity. Boil the mixture 
and centrifuge. Discard the centrifugate. Dissolve the residue 
in five drops of dilute acetic acid. Add five drops of solution of 
ammonium oxalate. A white, crystalline precipitate of calcium 
oxalate indicates the presence of calcium. This precipitate may 
form immediately or after several minutes. Centrifuge the mix- 
ture, wash the residue, and apply the flame test.. A yellowish red 
flame coloration indicates the presence of calcium. 

To the centrifugate from the calcium oxalate separation add 
fifteen drops of concentrated aqua ammoniz, five drops of am- 
monium a ay solution, and ten drops of disodium phosphate 
solution. ub the sides of the test-tube with the Pyrex rod. 
A white, crystalline precipitate (MgNH,PO,) indicates the 
presence of magnesium. 

A test for magnesium, even in the presence of Catt, Batt, 
Sr++, is obtained by adding to the ammoniacal solution of these 
cations, one or two drops of 8-hydroxyquinoline, which causes a 
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yellowish green precipitate of (C;HsNO)2Mg to form even in the 
presence of very minute quantities of magnesium. 


Notes on the Analysis of Group III 


(a) In the presence of comparatively large quantities of 
Ca*+, some calcium sulfate may be precipitated. Although 
calcium sulfate is less soluble in hot water than in cold water, in 
the presence of excess acid, it forms the soluble Ca(HSO,)2. 

(b) This is done to remove all traces of calcium due to the 
fact that a soluble complex salt, (NH4)2Ca(SO,)2, is formed. 


Analysis of Group IV 


The contents of test-tube ‘‘E’”’ after evaporation to about 1 cc. 
is treated with 1 cc. of potassium hydroxide solution and 2 cc. of 
water. The mixture is again evaporated to 2 cc. and is treated 
once more with 1 cc. of potassium hydroxide solution and with 
ten drops of saturated bromine solution (a). This will cause the 
precipitation of: Group IV—CuO, Ni(OH)s:, Co(OH)3, Cd(OH)>. 

Centrifuge off the precipitate, discard the centrifugate, wash 
the residue, and dissolve it in ten drops of hot, dilute hydrochloric 
acid. Dilute the resulting solution to about 1.5 cc. and add in 
the order named about 1 cc. of freshly prepared solution of sodium 
sulfite and 1 cc. of solution of potassium thiocyanate (b). Heat 
the mixture almost to boiling. A white precipitate of cuprous 
thiocyanate indicates the presence of copper. Centrifuge the 
mixture and wash the residue thoroughly. Treat the residue 
with three drops each of 3% hydrogen peroxide and concen- 
trated aqua ammoniz (c). A deep blue color confirms the pres- 
ence of copper. 

This may be further confirmed by acidifying the blue solution 
with dilute hydrochloric acid, diluting to about 3 cc. with water, 
and adding a few drops of potassium ferrocyanide solution, 
whereupon a reddish brown precipitate of cupric ferrocyanide will 
be formed. 

The centrifugate from the cuprous thiocyanate separation is 
made ammoniacal with a few drops of concentrated aqua am- 
monie. To five drops of the resulting solution diluted with 
water to about 1 cc. add three drops of solution of dimethyl- 
glyoxime. A ruby-red precipitate of nickel-dimethylglyoxime 
reveals the presence of nickel. 

To a fresh portion of five drops of the solution add five drops 
of concentrated acetic acid and two drops of a-nitroso-8-naphthol. 
A purple-red precipitate indicates the presence of cobalt. 

To the remainder of the solution add 1 cc. concentrated acetic 
acid and ten drops of sodium pyrophosphate solution (10 g./- 
100 ce.). Boil (d). A white precipitate of cadmium pyrophos- 
phate indicates the presence of cadmium. Centrifuge the mix- 
ture, discard the centrifugate, wash the residue, and dissolve it in 
several drops of dilute nitric acid. Dilute the resulting solution 
to about 2 cc. and add several drops of potassium ferricyanide 
solution. A yellowish precipitate of cadmium ferricyanide con- 
firms the presence of cadmium. : 


Notes on the Analysis of Group IV 


(a) The evaporations with potassium hydroxide are carried 
out to decompose and volatilize ammonium compounds which 
would interfere with precipitation of the group. The bromine 
solution destroys all remaining ammonium compounds in addi- 
tion to preventing some copper from remaining in solution. 
[Cu(OH),2 is slightly amphoteric and dissolves in hot concen- 
trated potassium hydroxide. | 

(b) Upon long standing in solution sodium sulfite is oxidized 
to sodium sulfate. 

The reactions involved are: 


Cut+ + SO, + 2H,O —> Cut + SQ.-- + 4H+ 
Cut + CNS- —> CuCNS |} (white) ; 


(c) Hydrogen peroxide reacts with the precipitate, converting 
copper to the cupric condition which then reacts with the aqua 
ammoniz to form the characteristic copper-ammonia complex. 

(d) Sodium pyrophosphate is made by heating disodium 
phosphate in a crucible to dull redness. 


2Naz,HPO, —_—_> Na P20; + H.O t 


JOURNAL OF CHEMICAL EDUCATION 


Separation and Analysis of Group V 


The contents of test-tube ‘‘B’’ are evaporated to about 2 cc. 
and acidified with dilute hydrochloric acid. Heat but do not 
boil (to expel any bromine remaining from Group II treatment). 
Add about 10 mg. of sodium chloride (to keep aluminum hy- 
droxide out of colloidal solution), and then to the warm solution 
add a slight excess of dilute aqua ammoniz which precipitates: 
Group V—HSbO;, Sn(OH),, Al(OH)s. 

Centrifuge off the precipitate, preserve the centrifugate in test 
tube ‘‘G,’”? and wash the residue with a mixture of five drops of 
dilute aqua ammonia, fifteen drops of dilute sodium chloride 
solution, and five drops of 3% hydrogen peroxide (a). Finally, 
wash the residue with several cubic centimeters of boiling water 
containing a little sodium chloride. Dissolve the residue in 
several drops of hot dilute hydrochloric acid. To one or two 
drops of solution add three drops of ammonium carbonate solu- 
tion, three drops of concentrated aqua ammonie, ten drops of 
water, and, finally, two drops of 0.10% aluminon solution. A 
bright red precipitate indicates the presence of aluminum. 

To one-half of the remaining solution add a fragment of bright 
lead foil and five drops of concentrated hydrochloric acid. 
Warm slightly and set aside for a few minutes. A jet-black coat- 
ing of metallic antimony, upon the surface of the foil, which dis- 
solves upon the addition of a few drops of bromine water to the 
acid solution, proves the presence of antimony. 

The remainder of the solution is evaporated to about one-third 
its volume, treated with five drops of concentrated hydrochloric 
acid and a few milligrams of reduced iron and warmed. When 
reaction subsides the mixture is centrifuged and to the clear 
centrifugate, three or four drops of mercuric chloride solution 
are added. A white to gray precipitate of mercurous chloride or 
mercury proves the presence of tin. 


Notes on the Analysis of Group V 


(a) This mixture is used to oxidize any traces of Cr(OH)s, 
which might be present and which would impart a green tint to 
the group, to CrO,~~. 


Analysis of Group VI 


To a small portion of the contents of test-tube ‘“‘G’’ add two 
drops of solution of potassium ferrocyanide. A white precipi- 
tate of zinc ferrocyanide indicates the presence of zinc. 

A second small portion is acidified with dilute sulfuric acid, 
cooled, and to it two or three drops of 3% hydrogen peroxide are 
added. A violet coloration which becomes much lighter at the 
end of about one minute or very rapidly upon warming indicates 
the presence of chromium (a). 

The balance of the solution is made strongly acid with concen- 
trated hydrochloric acid and a fragment of bright copper foil is 
added. The mixture is warmed (not boiled) and set aside for 
fifteen minutes. A steel-gray coating of metallic arsenic upon 
the surface of the foil, soluble in solution of potassium hypo- 
bromite, proves the presence of arsenic. Of course, if preferred, 
the very sensitive Marsh or Gutzeit tests may be used. 


Notes on the Analysis of Group VI 


(a) The reactions involved are: 


H2Cr207 + 7H.0, —_> 2H;CrO¢ + 5H,0 
2H;CrOs a 3H:SO, —~> Cro(SO,)s + 6H:O0 oa 50: t 


The sensitivity of the test is considerably increased if the acidified 
chromate solution is shaken with a little ether before and after 
the introduction of the hydrogen peroxide. The ether layer 
assumes an intense blue color. 


Analysis of Group VII—The Alkalies 


Tests for the alkalies are made upon portions of the original 
sample. About 0.5 cc. of the original solution is placed in a 4-cc. 
test-tube and treated with an excess of solution of potassium 
hydroxide. The solution is carefully heated to about 90° while 
a strip of moist red litmus paper is held about a centimeter over 
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the mouth of the tube. A change of color in the litmus from 
red to blue indicates the presence of ammonium ion. 

The presence of ammonium ion is confirmed by holding the 
end of a glass rod which has been dipped into concentrated hydro- 
chloric acid over the mouth of the tube. Dense white fumes of 
ammonium chloride are formed if ammonium compounds are 
present. 

Centrifuge the mixture used in the ammonium test, and dis- 
card the residue. Acidify the centrifugate with dilute hydro- 
chloric acid and run a ‘‘flame test’’ upon the resulting solution. 
A yellow flame coloration lasting at least one-quarter of a minute 
proves the presence of sodium. 

To a new 0.5-cc. portion of the original solution add an excess 
of sodium hydroxide. After centrifuging, test the centrifugate by 
the flame test. View the flame through a piece of cobalt glass. 
A violet-colored flame shows the presence of potassium. 


OUTLINE OF GROUP SEPARATION 


Treatment with hydrochloric acid precipitates: 

Group J—AgCl, PbCh, HgeCle. 

The centrifugate is preserved in test-tube ““A.’”’ The contents 
of test-tube “‘A”’ are treated with solutions of potassium carbon- 
ate, potassium hydroxide, and bromine, which precipitates: 

Groups II and III—HgO, HBiO;, CuO, Cd(OH)2, PbO, Fe- 
(OH)s, Ni(OH);, Co(OH)s, H.Mn0O;, CaCOs, BaCOs, SrCOs, 
MgCoOs. 

The centrifugate is preserved in test-tube ““B.”” The Groups II 
and III precipitate is dissolved in hydrochloric acid-hydrogen 
peroxide mixture and the resulting solution is treated with am- 
monium chloride, ammonium hydroxide, and hydrogen peroxide, 
which precipitates: 

Group II—HgNH:Cl, Bi(OH)s, HzMnOs, Fe(OH)s, Pb(OH)2. 
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The centrifugate is preserved in test-tube ‘“‘C.” The con- 
tents of test-tube “‘C’’ are treated with solutions of disodium 
phosphate and aqua ammonia, which precipitates: 

Group ITI—Ca;(PO,)2, Sr3(POx)2, Bas(PO,)2, MgNHyPQ,. 

The centrifugate is preserved in test-tube ““E.” The contents 
of test-tube ‘‘E”’ are treated with solutions of potassium hydroxide 
and bromine, which precipitates: 

Group IV—CuO, Cd(OH)2, Ni(OH)3, Co(OH)s. 

The centrifugate is discarded. The contents of test-tube ‘‘B” 
are treated with dilute hydrochloric acid, then with solution of 
sodium chloride and aqua ammoniz, which precipitates: 

Group V—HSbOs, Sn(OH),, Al(OH)s. 

The centrifugate is preserved in test-tube ‘“‘G.’”’ The contents 
of test-tube “‘“G” are tested by individual tests for members of: 

Group VI—ZnO,—~, CrO,-~, AsOy-~~. 

A fresh sample of the original solution is tested for the presence 
of: 

Group VII—Na*, Kt, NH4?*. 
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MEETING OF THE DIVISION OF CHEMICAL EDUCATION AT 
ST. PETERSBURG, FLORIDA, MARCH 28, 1934 


HE Division of Chemical Education of the 
American Chemical Society enjoyed another 
successful meeting at St. Petersburg, Florida, 
during the week of March 24th. Due to the location, the 
total attendance at the convention of the Society was 
rather small, but an unusually large percentage of 
members attended the program of the Division, which 
occupied one half-day session. From fifty to one 
hundred were present during the reading of the various 
papers, the maximum being reached when Professor 
Fred Allison, of Alabama Polytechnic Institute, pre- 
sented his paper on ‘The Magneto-optic Method of 
Analysis.”” Three other papers were concerned with 
various phases of the Florida phosphate industry. 
Forty-nine attended the Divisional luncheon, which 
was marked by the customary enthusiasm. Among 
the speakers were: Dr. Charles L. Reese, President 
of the Society; Dr. Robert B. Read, Dean of the St. 
Petersburg Junior College; Dr. Harrison E. Howe, 
Editor of Industrial and Engineering Chemistry; and 
Mr. Harvey F. Mack, Business Manager of the 
JOURNAL OF CHEMICAL EDUCATION. 
A brief business meeting was held in the afternoon. 
Plans for the program of the next meeting in Cleve- 
land were discussed, and an announcement will soon 


MINUTES OF THE BUSINESS SESSION 


Twelve members were present. The following re- 


port of the Treasurer was read: 


Cash on hand September 1, 1933 
Receipts: ; 
Dues from active members 
Dues from associate members 
Editorial emergency fund 


$124.63 


170.05 
58.00 
299.00 


651.68 
Expenditures: 
Journal of Chemical Education 
Subscriptions 
Editorial office 
Office expenses 
Chairman 
Secretary 
Treasurer 21.24 
Mack Printing Co. (Reprints, etc.) 7.86 
Tax on checks .06 


12.00 
290.00 


57.78 
40.00 


428.94 

222.74 

222.74 
VIRGINIA Bartow, Treasurer 


Receipts less expenditures 
Cash on hand March 20, 1934 


appear. Votes of thanks were passed for those re- 
sponsible for the arrangements of the meeting. 
Norris W. RAKESTRAW, Secretary 





The PRECIPITATION of ALUMINUM, 
FERRIC, and CHROMIC IONS by 
HEXAMETHYLENE TETRAMINE 


LEO LEHRMAN anp ELVIN A. KABAT 


The City College of the City of New York 


EXAMETHYLENE tetramine has recently been 
used to effect separations in the analysis of the 
cations (1), (2). This reagent is a very weak 

base even in acid solution, precipitating certain metallic 
ions as hydroxides. However, it has also been shown 
that compounds of metallic salts with hexamethylene 
tetramine exist (3), (4). 

Duff and Bills (4) state that zinc, ferric, chromic, and 
aluminum chlorides yield the corresponding hydroxides 
when boiled in aqueous solution with hexamethylene 
tetramine. They came to this conclusion by filtering 
off the precipitates obtained in the above reaction, 
washing them with water, and testing the residues for 
the presence of hexamethylene tetramine. No mention 
is made of the thoroughness of the washing to be 


sure of removing any excess of metallic chloride or of 


hexamethylene tetramine. The fact that the pre- 


cipitates are gelatinous and therefore very difficult . 


to wash free of adhering solutes led us to question the 
validity of their conclusion. 

Inasmuch as the purpose of this work is to deter- 
mine the result of the reaction of metallic salt solu- 
tions with hexamethylene tetramine, a method which 
removes any unreacted material, making specific tests 
to establish this fact, was used. Precipitates formed 
by the addition of excess hexamethylene tetramine 
solution, to separate boiling solutions of aluminum, 
ferric, and chromic chlorides, both in the absence and 
presence of ammonium salts were dialyzed until free 
of the reagent and the resultant gel was analyzed for 
organic matter, (CH2)sN,, and nitrogen. 


EXPERIMENTAL 


About 1 g. of aluminum as AICI; in 100 ml. of solu- 
tion was precipitated while boiling by adding 10% 
(CHez)sN« solution.* The suspension was then rapidly 
dialyzed in a simplified modification of the concen- 
trating dialyzer (5), devised by F. E. Kendall (6) of 
the College of Physicians and Surgeons and Presby- 
terian Hospital, New York City, having an air trap 
attached (7), until only a very thick gel remained. 
This usually takes about two weeks. The process was 
stopped at this point, distilled water was added to the 


* On standing for several days the precipitate apparently dis- 
solves but actually is present in colloidal dispersion as shown by 
its reappearance after dialysis. 


gel inside the collodion bag, and the bag with its con- 
tents was suspended in a beaker of distilled water. 
After one week the water inside and outside of the 
collodion bag was analyzed for (CHe)sNs. The test 
for (CHz)sN, was carried out by acidifying with dilute 
sulfuric acid, boiling for one minute, cooling, and test- 
ing for formaldehyde with Schiff’s reagent. Both the 
water inside and outside gave negative tests, showing 
the complete removal of extraneous (CHe)sN, from the 
gel. Control tests on both the gel and the water sur- 
rounding the collodion bag, to which one drop of the 
(CH2)sN, solution had been added, gave distinctly posi- 
tive results. 

The colorless gel is soluble in dilute mineral acids 
and bases on warming, with the exception of dilute (and 
concentrated) NH,OH. A small amount dissolved in 
dilute H,SO, is reprecipitated by concentrated NH,OH, 
insoluble in excess. When allowed to dry either by 
exposure to the air or in an oven at 105°C., a horn-like 
substance, having a slightly yellowish color due to the 
presence of a trace of iron, is obtained. The dried 
material shows the same properties as the gel. 

A small amount of the gel heated in a test-tube 
showed no evidence of darkening or charring. Another 
portion, heated with concentrated H2SO, to the boiling 
point, dissolved without any darkening of the solution. 
A small amount of the gel was dissolved in dilute H2,SOx,, 
boiled for one minute, cooled, and tested for formalde- 
hyde with Schiff’s reagent, giving a negative result. 
About 0.2 g. of the dried material was ground to a 
powder and tested for nitrogen by the metallic sodium 
fusion. The result showed the absence of nitrogen. 
All the above tests were repeated with the same material 
to which one drop of the (CHez)sN, solution had been 
added. In every case the results indicated the pres- 
ence of the added reagent. The data thus show that 
the precipitate obtained by adding (CHe)sN, solution 
to Al+++ is Al(OH). 

One gram of aluminum as AICI; in 100 ml. of solution, 
to which 2 g. of NHiNO; had been added, was pre- 
cipitated in boiling solution by adding excess 10% 
(CHe)sN, solution. It was dialyzed free of (CHz)sN, 
and the same tests were carried out. The results again 
showed that the precipitate is Al(OH)s. 

{ Subsequent experiments in which (CHz2)sN, solution was 


added to a portion of the gel showed that after 5 minutes the 
(CHe)sN, had begun to diffuse through the collodion membrane. 
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For comparison some Al(OH)s, prepared by precipitat- 
ing Al+++ with dilute NH,OH, was dialyzed until free 
of the reagent and in the form of a thick gel. This 
material resembled the precipitates described except 
that in the dried condition it was more powdery and had 
a slightly lighter color. 

The same experiments and tests were repeated using 
FeCl; and CrCl; solutions. The results showed that 
the precipitates obtained are the hydroxides of the 
metallic ions. 

SUMMARY 


The precipitates obtained by adding (CHz)sN, solu- 
tion to boiling solutions of Al+++, Fe+*++, and Cr*+**, 
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either in the absence or presence of ammonium salts, 
have been shown to be the hydroxides of the metallic 
ions. 
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EVERAL gas generators have been suggested for 

use in microchemistry and qualitative micro- 
analysis (1-6). The generator presented here has 
been used for the past year at the Polytechnic Institute 
of Brooklyn. Although it has been used primarily for 
the generation of hydrogen sulfide, it may be em- 
ployed as readily for 
the generation of any 
gas which may be de- 
rived from a solid and 
an acid. 

The main body of 
the generator con- 
sists of a Schwartz 
drying tube, five or six 
inches in height. Both 
arms are filled with 
glass beads to a point 
slightly above the curved portion of the tube. 
arm in which the solid reagent is to be placed, a very 
thin layer of glass wool is added and is covered with a 
layer of glass beads upon which the solid rests. The 
side-arm on the gas delivery side is provided with a plug 
of glass wool or cotton to remove entrained spray and 
is connected by a rubber tubing of convenient length to 
a glass delivery tube. This tube is drawn to capillary 
dimensions in order to obtain a stream of very fine 
bubbles, but must be of sufficient diameter to prevent 
clogging by small particles of precipitate. 

In operation, the quantity of hydrochloric acid used 
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is adjusted so that none is driven out of the generator 
when the flow of gas is shut off. The stopcocks should 
be well lubricated to prevent leakage of gas. 

When the device is used as a hydrogen sulfide genera- 
tor, it has been found best to remove the ferrous sul- 
fide when the generator is not in use. This eliminates a 
delay in the generation of gas which was noticed after 
the sulfide had been allowed to remain in the generator 
when not in use. 

This generator has advantages of convenience, sim- 
plicity, and economy which make it valuable for in- 
dividual use in qualitative microanalysis. Since it 1s 
a small unit constructed of a standard piece of appara- 
tus, each student may have his individual generator. 
The arms of the Schwartz tube may be connected by a 
loop of wire and the unit is then easily hung on a nail or 
hook in the student’s locker. 

* * * * 

The author wishes to acknowledge his sincere ap- 
preciation for the helpful criticism of Dr. Paul E. 
Spoerri. ’ 
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A CONVENIENT WATER STILL 


J. GILBERT HOOLEY ann NORMAN W. F. PHILLIPS 


The University of British Columbia, Vancouver, Canada 


URING a precise investigation being carried on at 
this laboratory, large quantities of distilled 
water of conductivity grade were required. 

Experimentation led to the construction of an efficient 
electrically heated still with a maximum capacity of 
about 2 liters per hour. 

The general arrangement is shown in Figure 1. For 
the still (A) a 12-liter Pyrex balloon flask was used, 
into the neck of which was fitted a tin plug (B). This 
was bored to receive a block tin condenser surrounded 
by a brass water-jacket (C). A similar tin plug (D) 
was bored to receive the other end of the condenser. 
This plug was likewise fitted into the neck of a 12-liter 
Pyrex balloon flask (EZ) which acted as the receiver. 





FIGURE 1.—GENERAL ARRANGEMENT OF STILL 


The heating unit (F) was a 1600-watt nichrome ele- 
ment which rested in a grooved form in a large (10-in.) 
evaporating dish. The latter was supported on a bed of 
rock wool in a metal container of suitable dimensions. 
The element consisted of four coils, each made by 
winding 30 ft. of 22-gage nichrome wire on a #*/j-in. 
rod. To construct the form equal volumes of kaolin 
and purified shredded asbestos were mixed with water 
to form a paste of the consistency of plasticene. The 
dish was coated with the mixture to a depth of */, in. 
Grooves were then molded in the layer arranged as 
shown in Figure 2. The form was then dried suf- 
ficiently slowly to avoid distortion. The four coils were 
placed in the grooves and the electrical circuit was com- 
pleted as shown. It might be noted that any fraction 
of the full 1600-watt element can be utilized; the rate of 
distillation is thus readily controlled. 

The tin stoppers (B and D) were machined (Figure 3) 


from cylindrical blocks of convenient size. These were 
cast from tin of c.P. grade. 


In the stopper (B) for the still one small hole was 

































































FIGURE 2.—WIRING DIAGRAM OF HEATING ELEMENT 


drilled as shown. This was used for filling the still 
and was normally closed by a plug made from c.P. 
stick tin. The filling device consisted of a 6-liter Pyrex 
Florence flask (G) with a two-hole ‘stopper. Washed 
air was blown through one 
hole and the water was 
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Saw through ot A-B 


FicurE 4—METHOD- OF 
BENDING CONDENSER TUBE 








FIGURE 3.—TIN STOPPER 


thereby forced out of a long tube (#) into the still itself. 
The smaller flask could be easily disengaged and filled 
from the ordinary distilled water source. 

The tin stopper (D) for the receiver differed slightly 
from the first stopper in that it had two small holes. 
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To one hole was connected a soda-lime tube (J) to re- 
move traces of acid fumes. Through the other hole 
was fitted a Pyrex tube (J) reaching to the bottom of the 
receiver. The other end of this tube passed through a 
cork fitted to a 2-liter pyrex storage flask (K). An- 
other tube inserted through the cork was connected to a 
vacuum pump. The device was of such a shape that it 
permitted the raising of the cork, thus allowing ease of 
insertion and’ removal from the storage flask. 

Both tin stoppers were held in place by clamps. 

To make the condenser, a 6-ft. length of 7/s-in. block 
tin tubing was bent as shown in Figure 4. It was then 
sawed in two atthe point indicated, thus giving two pipes 
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of the required shape. A brass water-jacket 20 in. 
long was soldered onto the condenser. 

With the still filled with 10 liters of water, and the 
heating unit fully on, boiling commenced in less than 45 
minutes. Unless otherwise adjusted the distillate 
then came over at a rate slightly greater than 2 liters 
an hour. At this rate ebullition proceeded quite 
evenly, without the slightest trace of spray being 
carried over, as was shown by tests with dyes. The 
only attention required besides filling the still and 
discarding the first portion of the distillate was the 
occasional cleaning of the still, which was easily accom- 
plished by siphon. 





DEMONSTRATION OF THE PREPARATION OF BROMINE FROM BITTERN 


W. B. SANFORD 


Painted Post High School, Painted Post, New York 


URING our study of the halogens, one boy be- 
came particularly interested in the method used 
to prepare bromine from “‘bittern’’ (the mother 

liquor. of the salt industry). He wished to duplicate 
the method in the laboratory. 

The photo shows the arrangement of the apparatus. 
The mother liquor (magnesium bromide) was stored 
in the separatory funnel. A regular current of chlo- 
rine mixed with steam was led into the bottom of the 
tower filled with broken glass, and met a descending 
stream of hot bittern. Bromine together with some 
chlorine passed out of the tower and was condensed in a 
water-cooled condenser. 

As the bromine contained a large amount of chlorine 


THE APPARATUS, AND Boy WHO DEVISED THE EXPERIMENT } 


it was necessary to purify it. This was done by shaking 
with ferrous bromide and redistilling. 
A very good yield of bromine was obtained. 


‘ 
' 





Whenever one of your chemical friends, full of enthusiasm, exhibits and explains to you 


his newly-discovered compound, you will not cool his noble ardour by asking him that most 
terrible of all questions, ‘‘What is its use? Will your compound bleach or dye? Will it shave? 
May it be used as a substitute for leather?”” Let him quietly go on with his work. Let him, 
I repeat, perform his task. Let him indulge in the pursuit of truth—of truth pure and simple 
—of truth not for the sake of Mauve—let him pursue truth for the sake of truth. 

Prof. A. W. von Hofmann 
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MATHEMATICAL PROBLEM PAGE 


Directed by PAUL C. CROSS 


Gates Chemical Laboratory, California Institute of Technology, Pasadena, California 


SOLUTIONS OF PROBLEMS 71-75 
[J. Cuem. Epuc., 11, 315 (1934)] 


(a) 747 = pi + po = pM + Pr Ne 

= 1450 Ni + 500 Nz = 1450 M + 500(1 — M). 
950 MN, = 247. 

N, = 0.26 = mol fraction of CCl. 

N, = 1 — M = 0.74 = mol fraction of SnCly. 
pi = pM = 1450-0.26 = 377 mm. 
N,’ = 377/747 = 0.505 = mol fraction of CCl, in 
vapor. 
N,' = 
vapor. 


fi + po = pM + pr’ Ne = 1450-0.4 + 500-0.6 
= 580 + 300 = 880 mm. 


1 — N,’ = 0.495 = mol fraction of SnCk in 


Subtracting the Clausius-Clapeyron equations 


dinp*  dinp’ Re the. L* _din (p*/p*) 
dT dT RT? dT 





d In N2 = TD 
dT RT? 
LidT 


‘anh 
a ae 


Integrating from N,’ to N2 and from T,, to T 


zL-4-(-#)] 
“nM, ~ ete 2 ES 
ae ee ee T.. 
But at 7,,, No’ = land In N,’ = 0 
=a Gh. 2) 
2.303 R \T dL 

1 

353 


log Nz = 


= _— 4560:55_ = —0,521 = 


= = 1.4 
4.576-298-353 aa 


Nz = 0.301 
(b) Ne = (67.5/128)/[(67.5/128) + (100/78)] = 0.291 
The calculated value is 0.01/0.291, or about 31/2% in 
error. 
LfaT , (C° — C) aT 
RT? RT 
Integrating from N,’ to No and from 7, to T, remembering 
that In N2’ = 0, and changing to common logarithms, 


_T, ( - 7) + GZ x 
2303R\T  T, R cr 


din Nz = 


log N2 = 





SUMMER LECTURES AT THE UNIVERSITY OF CHICAGO 


SERIES of lectures dealing with organic chemistry 
A in the light of present-day physical and chemical 
theories will be given in the Kent Chemical Lab- 
oratory at The University of Chicago for ten evenings 


from seven to nine o'clock. 


Information in regard to 


admission to the lectures singly or as a series may be 
had by communicating with the Department of Chem- 
istry of the University. The subjects, speakers, and 
dates are as follows: 


A: 


An Evaluation of the Structural Theory of Organic Chem- 
istry. 

June 19—Dr. J. K. Senior, The University of Chicago. 

The Concept of Valence in Carbon Compounds from the 
Viewpoint of Modern Physics. 

June 26—Pror. Ropert S. MULLIKEN, The University of 
Chicago. 


Thermal Stability and Instability of Organic Compounds. 10. 


July 3—Pror. Cuares D. Hurp, Northwestern University. 

Kinetics of Organic Reactions. 

July 10—Pror. F. O. Rice, The Johns Hopkins University. 
378 


5. 


Contributions from the Study of Dipole Moments to the 
Problems of Organic Chemistry. 

July 17—Pror. CHARLES P. SmyTH, Princeton University. 

The Potentials of Organic, Reversible Oxidation Reductive 
Systems. 

July 24—Pror. W. MANSFIELD CrLarK, The Johns Hopkins 
University. 

Structural Organic Chemistry in Industry. 

July 31—Dr. Wiiiram S. Catcott, Director, Jackson 
Laboratory, E. I. du Pont de Nemours & Company, 
Wilmington, Del. 

Contributions of X-rays to the Problems of Organic Chem- 
istry. 

August 7—Dr. STERLING BRowNn HeEnprIckKs, Fixed Ni- 
trogen Laboratory, Washington, D. C. 

Applications of Photochemistry to Organic Chemistry. 

August 14—Pror. FARRINGTON DANIELS, The University of 
Wisconsin. 

Significance of Abnormal Valence and Reactions. 
Review. 

August 21—Pror. M. S. KuHarascu, The University of 
Chicago. 


General 





CORRESPONDENCE 


A SIMPLE APPARATUS FOR PREPARING ALDEHYDES 


To the Editor 


DEaR SIR: 

After perusal of the article by C. Johnson and C. E. 
Burke in the October, 1933, number of the JOURNAL OF 
CHEMICAL EpucaTIONn (10, p. 641), I beg to submit the 
following data. 

An indicator entitled ‘‘A simple apparatus for pre- 
paring aldehydes” appeared in the April, 1932, number 
of The Hormone (6, pp. 72-3). Additional information 
is given concerning this method of preparing aldehydes, 
because of various difficulties encountered by other 
chemists in carrying out this experiment. 

In the third paragraph, the third sentence reads as 
follows: ‘The gas burner is ignited until the copper 
spiral becomes dull red.”” The flame must then be 
removed, as the total heat of oxidation is great enough 
to keep the copper (on the surface of which the reaction 
is taking place) warm enough for the immediate forma- 
tion of copper oxide after the regeneration of metallic 
copper. The reaction is continuous and requires no 
external heat [Sabatier and Mailhe, Compt. rend., 142, 
1394 (1906); Chem. Zenir., 1906, [2], 402]. The 
copper oxide is evidently the intermediate step. Saba- 
tier and Mailhe have shown that the oxide of copper has 
catalytic properties entirely comparable to those of 
finely divided platinum. When heated in a mixture 
of oxygen with the vapors of various organic com- 
pounds, they become incandescent and maintain them- 
selves so, giving oxidation products of the various 
organic compounds used. 

Karpov [Zhur. Prikladnot Khim., 1, 121-6 (1928); 
Chem. Abstr., 23, 4440 (1929)] recommends the use of 
twice the theoretical amount of air. Orlov [J. Russ. 
Phys.-Chem. Soc., 40, 203-15 (1908); Chem. Abstr., 2, 
3346 (1908)] claims that for propyl alcohol, the theo- 
retical amount of air is sufficient for the oxidation as 
indicated by the glow of the copper gauze, while for the 
other alcohols, a much larger quantity is required. 
This is due to the fact that the endothermic decomposi- 
tion of the alcohols into water and hydrocarbons (as 
the products of oxidation obtained by this method are 
carbon monoxide, carbon dioxide, water, saturated and 
unsaturated hydrocarbons, aldehydes, ketones, and 
unchanged alcohol), which takes place along with their 
exothermic oxidation, is greater with the other alcohols 
than with propyl alcohol. Orlov obtained a yield of 
66% of acetaldehyde from ethyl alcohol, and a yield 
of about 50% of the corresponding aldehydes with 
isobutyl and amyl alcohols. Fokin [J. Russ. Phys.- 
Chem. Soc., 45, 286 (1913); Chem. Abstr., 7, 2227 
(1913) ] has obtained a 43% to 47% yield of formalde- 
hyde from air and alcohol vapors passed over coppered 
asbestos, while Trillat [Buil. soc. chim., [3], 29, 35 
(1903) ] obtained a 48.5% yield of formaldehyde using 
copper gauze. 


The last paragraph of the indicator, referred to 
above, reads as follows: ‘‘If the suction is removed and 
a stream of oxygen is forced through the whole appara- 
tus, the apparatus becomes more efficient, as the oxi- 
dation is greater and the output is greater.” 

Although a mixture of air and alcohol vapors gives 
a good yield, oxygen was used to hasten the reaction, 
as part of the copper gauze remained reduced because 
of the limited amount of oxygen present in air. The 
copper gauze continued to glow, and the results were 
very satisfactory. 

In using oxygen instead of air, the following pre- 
cautions must be observed: as soon as the reaction is 
proceeding smoothly with air, and the copper gauze 
continues to glow after removal of the flame, the suc- 
tion is removed and the oxygen admitted slowly. The 
flow of oxygen must be slow, as the alcohol must be 
cautiously oxidized to prevent oxidation beyond the 
aldehyde [Chem. Abstr., 2, 3346 (1908) ]. 

Oxygen was allowed to pass through concentrated 
sulfuric acid in a gas-washing bottle at the rate of about 
three to four bubbles per second. The copper gauze 
continued to glow at a dull red heat, and the reaction 
continued without difficulty for several hours. For 
experimental purposes, the flow of oxygen was in- 
creased until it was impossible to count the flow of 
bubbles through the sulfuric acid. The copper gauze 
became white-hot instead of red, and there were ex- 
plosive flashes of the alcohol-oxygen mixture projecting 
from the white-hot copper gauze. The result was a 
decrease in the percentage of aldehyde obtained and a 
corresponding increase in carbon dioxide and water, 
which must be prevented. A further increase in the 
flow of oxygen would undoubtedly have led to an ex- 
plosion, due to the formation of an explosive mixture 
of alcohol and oxygen in the presence of a copper gauze 
heated to white heat. Cf. Peronne [Swiss Patent 
78,843 (April 16, 1917); Chem. Abstr., 12, 484 (1918)], 
“Ethyl alcohol vapors and oxygen brought into contact 
with a catalytic agent at high temperature such that 
the active combustion of the alcohol does not result.” 

Matignon and Trannoy [Compt. rend., 142, 1210 
(1906); Chem. Zentr., 1906, [2], 202] have shown 
the possibility of realizing a lamp without flame by the 
aid of asbestos fibers impregnated with the oxide of 
copper suspended in a mixture of air and ether vapors. 

Copper oxide, when properly impregnated with man- 
ganese dioxide made by the method of Fremy [Compt. 
rend., 82, 1213 (1876)], gives an excellent catalyst 
which is capable of effecting the catalytic oxidation 
with great rapidity even at temperatures somewhat 
below 0°C. 

Very truly yours, 
OLIER L. BaRIL 


Hoty Cross COLLEGE 
Worcester, Mass. 
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KEEPING UP WITH CHEMISTRY 


The effects of cigaret smoking upon the blood sugar. H. W. 
HAGGARD AND L. A. GREENBERG. Science, 79, 165-6 (Feb. 16, 
1934).—If blood sugar is below .13% and the respiratory quotient 
less than 0.85, smoking tobacco causes a marked rise in both which 
persists for about thirty minutes. The authors attribute the 
effect to the action of nicotine on the adrenal glands. 

H. W. 


Iodized charcoal as protection against mercury poisoning. 
A. Stock. Z. angew. Chem., 47, 64 (Jan. 27, 1934).—Activated 
charcoal which has been saturated with iodine is a valuable safe- 
guard against mercury poisoning. Charcoal saturated with 
iodine is the main constituent of gas masks which are now manu- 
factured for use in places where high concentrations of mercury 
may occur in the atmosphere. wees 

Combating occupational poisons. J. D. Hacxetr. Chem. 
& Met. Eng., 41, 135 (Mar., 1934).—Not all manufacturers have 
yet awakened to the fact that some of the materials they use may 
be dangerous to health. Statistics show the industrial worker 
dies several years earlier than the man with outside work. The 
two chief remedies are intelligent control of the use of poisonous 
substances, the substitution of substances by those less poisonous, 
and proper ventilation. 

Hygiene is coming to be considered an integral part of plant 
design and operation, but no matter what the employer does he 
will continue to have cases of occupational disease eo he 
gets the codperation of the worker. qe 

Synthetic jewels. H. Espic. Chem.-Zig., 58, i33-4 (Feb. 
14, 1934).—A description, with illustrations, of modern methods 
of manufacturing synthetic jewels. 

Synthetic resins now made from petroleum. A. D. Camp. 
Chem. & Met. Eng., 41, 123 (Mar., 1934).—Petroleum resins 
are prepared by treating a cracked distillate containing hydro- 
carbons of various degrees of unsaturation with a metallic halide 
catalyst under carefully controlled conditions. The reactions 
involved are many and complex as are the resultant resins. One 
large commercial use is in the paint and varnish industry. In 
the molded plastics field they have been used to some extent by 
compounding them with certain fillers and plasticizers, and made 
into steering wheels, tool handles, electrical fixtures, and ge like. 


J. WwW. 
Anon. Ind. Bull. of Arthur D. ‘tak, 
1934).—Synthetic rubber seems now to be 
definitely a commercial commodity, which may supplant natural 


Tomorrow’s ii 
Inc., 87, 1-3 (Mar., 


rubber for certain purposes. It is especially significant that 
commercially successful synthetic rubber has become established 
during the years in which rubber has sold under three cents a 
pound; thus synthetic rubber aimed not to cut the price of 
rubber but to develop a material resembling rubber yet possess- 
ing additional properties.definitely superior for certain require- 
ments. Natural rubber has a host of applications, but its use for 
many purposes has been restricted because of its deterioration 
through aging, heat, oxidation, and contact with various oils 
and solvents. 

The synthetic rubber ‘‘DuPrene’”’ is markedly superior in these 
respects. DuPrene resembles rubber in chemical composition 


and possesses to a marked degree the properties of natural rub- 
ber. Apart from its cost, it appears to be capable of replacing 
natural rubber. Its superior properties, however, are steadily 
offsetting its higher cost. The resistance of DuPrene to crude 
and refined oils occasions its use for mountings and grommets in 
automobile motors and at other points where its exposure to 
gasoline is likely. It forms the inner ply of hose used in tank- 
wagons for delivery of crude oil and fuel oil at refineries and 
tank steamers. A hose so protected withstands turpentine, 
lacquer solvents, etc., and it can be used for spray painting and 
handling solvents. The insulation of wire for portable lamps 
used in garages and filling stations is coated with DuPrene, as 
is cable for use where exposure to acids and alkalies is expected. 
DuPrene has been used in making gloves worn as protection 
against acids, alkalies, and solvents. DuPrene is also under de- 
velopment for use in manufacturing raincoats, automobile 
toppings, etc., of exceptional stability, the objectionable odor 
having been eliminated. The most interesting experiment thus 
far has been in the manufacture of pneumatic tires for high- 
speed buses and trucks. DuPrene is sold, like rubber, in the 
“crude” condition, uncompounded. It requires no sulfur for 
vulcanization. It may be milled with pigments, fillers, reinforc- 
ing agents, and the like, just as natural rubber is. DuPrene 
cement and latex are also available. Although DuPrene may not 
displace natural rubber from the major markets, it appears likely 
to be used in a constantly broadening field of application. At 
the present time DuPrene sells for a dollar a pound. DuPrene 
is a polymerization product of chlorobutadiene. Other de- 
velopments in synthetic rubber have resulted in the commercial 
production of various substances resembling rubber but which 
cannot be truly termed synthetic rubber; namely, ‘“Thiokol”’ 
and “‘Glyptals.”’ G. O. 

Petroleum industry, maker and user of chemicals. A. L. 
Davis. Chem. & Met. Eng., 41, 136-9 (Mar., 1934).—Interest 
in petroleum products which may serve as raw materials for 
chemical manufacture has been confined chiefly to ethylene, 
propane, propylene, pentane, and butane. 

As a consumer of chemical products this industry uses sulfuric 
acid, alkali, adsorbent earth, lead-tetraethyl, anti-detonants, 
selective solvents, color stabilizers, organic acids, animal oils, 
vegetable oils, gum inhibitors, antioxidants, and pour point de- 
pressors. This involves hundreds of different chemicals. ne 

J. W..B. 

Shall we throttle invention by code? C. Fretp. Chem. & 
Met. Eng., 41, 121 (Mar., 1934).—The country is ripe for the 
rebuilding which will accommodate it to the changed manner of 
living now available in connection with new inventions. Yet, 
today we find numerous obsolete plants which will not install this 
new equipment and thus give employment in its building. Un- 
der NRA we are reverting to the period wherein it was within 
the power of a hostile group of men to prevent the use of inven- 
tion and thus to safeguard the capital investment of their in- 
terests. Monopoly based upon prior investment is taking the 
place of progress based upon mechanical invention. 

bia ee 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATION OF SCIENTIFIC DATA 


Progress of inorganic chemistry, 1930-1933. W. KLEMM. 
Z. angew. Chem., 47, 17-26 (Jan. 18, 1934); 79-84 (Feb. 10, 
1934); 99-104 (Feb. 17, 1934). —Part I. Preparations. Rare 
Earth: (a) elements rhenium, germanium, gallium, indium; 
(b) halogen, sulfur, and nitrogen compounds; (c) carbonyl and 
organo-chrom compounds. 

Part II. Systematic Survey Studies. A. Equilibria: 1. 
Heterogeneous systems. (a) Thermal analysis; (b) Tensimetric 


analysis. 2. Homogeneous systems. 3. Various topics. 
Part III. Systematic Survey Studies. B. Properties of 
compounds. 1. Flexion of X-rays and ‘electronic rays. 2. 
Dipole measurements. 3. Raman effect and infra-red spectrum. 
4. Magneto-chemistry. C. General results. 1. Complex 
compounds. 2. Transfers between valence species. 3. Syn- 
thesis of the kernels of the atoms. L.S. 
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RECENT BOOKS 


A TeExTsBook oF INoRGANIC CHEMISTRY. Fritz Ephraim, 
Professor of Chemistry in the University of Berne. Trans- 
lated by P. C. L. Thorne, M.A. (Cantab.), M.Sc., Ph.D. 
(Lond.). Second English Edition. Gurney & Jackson, 
London, 1934. xii + 873 pp. 85 Figs. 16 X 24cm. 28s. 


The German editions of this text have been known to chemists 
as an invaluable source of information for a number of years. 
The present English edition has been enlarged and revised by the 
translator. It is written to fulfil the needs of the advanced 
student, the teacher, and the investigator in chemistry and allied 
subjects. In other words, it fills the large gap which exists in 
this field between the general, elementary texts and the com- 
prehensive treatises and dictionaries. 

The author describes in his preface the arrangement of the 
subject matter: ‘‘An attempt has been made to arrange the 
numerous isolated facts of inorganic chemistry in a more rational 
grouping than has previously been the custom, so that they 
may be more readily assimilated and the interest of the reader 
sustained. 

“This arrangement of the matter presupposes that the reader is 
already acquainted with the fundamental facts of chemistry. 
The usual arrangement, in the manner of a dictionary, fails to 
place related facts together and the connection of the isolated 
statements is never sufficiently emphasized. In this book un- 
connected facts have been included only in so far as they illus- 
trate the general matter under discussion; in this way a clearer 
general view of the subject is obtained and the separate facts are 
remembered as part of an intelligible scheme. By treating re- 
lated compounds together, comparisons and connections and 
their causes and effects are clearly emphasized, after which any 
special properties of particular substances are mentioned.” 
Thus, the oxides of the alkali and alkaline-earth metals; basic 
oxides of the heavy metals; the hydrides of the elements of the 


fifth group; the oxygen compounds of nitrogen; and the oxygen 
compounds of phosphorus, arsenic, antimony, and bismuth are 


discussed as units in separate chapters. Such an arrangement 
avoids repetition of facts and, in addition, tends to clarify and 
unify a large number of facts pertaining to substances of similar 
character. 

It is indeed gratifying to see that the author has introduced 
many of the fundamental concepts and important, as well as 
useful, theories of chemistry early in his treatment of the sub- 
ject. To illustrate, the structure of matter, the periodic classifi- 
cation of the elements, the phase rule, allotropy, Werner’s co- 
ordination theory, and other valence theories are introduced in 
the initial chapters and are used throughout the text to great 
advantage. In other words, the author has used these concepts 
as tools rather than as ends in themselves. Such a procedure 
seems to the reviewer to be much more logical and beneficial 
than the usual one followed in most treatises on the subject. 

References to the original literature’ are quite limited in 
number but, in most instances, cite the more important works. 
It is felt that the text could be made much more valuable to the 
investigator by including a larger number of references. This 
suggestion is of greater importance in relation to some of the 
subjects which are rather briefly discussed. Although it is 
realized that a complete discussion of any given subject in a text 
of this type is not feasible, a larger number of citations to the 
literature would be very helpful. ’ 

An appendix to the text on the literature of inorganic chemis- 
try is given; this is invaluable to the student who is not thor- 
oughly acquainted with the sources of information of the field. 

The book is exceedingly well written and the translation main- 
tains the same high standards. One is impressed by the vast- 
ness of the subject and, in particular, by the many different 
lines of research which might be followed to solve some of the 
problems of inorganic chemistry. In this respect, the text is 
stimulating to the reader. \ 


THE UNIVERSITY OF CHICAGO 
Curcaco, ILLINOIS 


WarreEN C. JOHNSON 


Out oF THE Test TuBe. Harry N. Holmes, Ph.D., Oberlin 
College. Ray Long and Richard R. Smith, New York City, 
1934. x +373 pp. 83 Figs. 15 X 23cm. $3.00. 


In the preface the author says, “If you are one of those in- 
telligent, yet non-technical people who have some interest in 
chemistry, who would like to penetrate beyond its wonders to an 
appreciation of its methods: 

“If you want to understand our research, our reasoning, in 
order that you may relate chemistry to daily life, to economics, 
to social relations, to the arts, to national defense, and to world 
affairs: 

“Then to you, in your easy chair, this book is dedicated.” 

Dr. Holmes presents the challenge of creative chemistry in a 
most attractive manner. In the Contents we find such interest- 
ing chapter headings as, “The Importance of Nothing at All,’’ 
“The Fall of the House of Uranium,” “Man against Pygmy,”’ 
“Born to the Purple,’ ““‘Windows toward Heaven,” and ‘‘Have 
You a Chemist on Your Board?” The 83 figures are strikingly 
original and clever. 

There is scarcely a group in American society the author does 
not challenge. To the industrialist and business man he says, 
“The whole country suffers because a mighty productive capacity, 
geared to continuing expansion, finds markets glutted. Business 
cries for some vast new need that will keep factory wheels hum- 
ming with pleasing music for years tocome. Better and cheaper 
houses for the average man, even for the poor man, will provide 
this vast market for the steel industry, the glass industry, the 
cement industry and a dozen others.”’ 

For the farmer there are these words, ‘‘For every dollar spent 
in agricultural research the nation profits to the extent of $500; 
and $25,000,000 is appropriated annually by the Federal Govern- 
ment and the states for this work.”’ 

To the politician, ‘‘“Sewage purification at Los Angeles is se- 
cured by ‘activated sludge.’.......... There can be no argu- 
ment about the wisdom of compelling all cities so to dispose of 
sewage instead of overloading our streams with untreated mate- 
rial. The scientists have done their part—will politicians and 
tax payers do theirs?” 

To the educator he quotes the words of W. R. Whitney: 
“Look at the Nile laborer, pumping water by his own muscle 
power. It takes all his time to earn the food he eats—we can’t 
expect much from his brain. An electric pump will set that man 
free. Perhaps, you say, he isn’t ready for freedom. Then that 
is a problem not for industry but for education.” 

And, finally, to the individual with consciousness attuned to the 
spiritual, ‘“‘A revelation of the sublime order in the atomic number 
arrangement of our ninety-two elements—there are no more—re- 
vived the religious faith of a discouraged, doubting student. 
To him, a non-technical man, it seemed that only a Supreme Mind 
could have set the stars in their cqurses and the elements in such 
a convincing order.”’ 

The book is up-to-the-minute. Hydrogenation of petroleum, 
the making of paper from hybrid poplar by McKee and from 
slash pine by Herty, and mercury vapor boilers are among the 
recent industrial developments treated. There is the story of 
neutrons, positrons, and heavy water from the fields of atomic 
structure. No mention is made, however, of the experiments of 
Cockcroft and Walton on tapping atomic energy, and the possi- 
bility of ever doing so is rather scouted. Glucose is also stated 
to have only 16 isomers. ’ 

From the point of view of a chemical educator the greatest 
disappointment comes in the failure to show how atomic weights 
and valence are determined, because the author thought these 
constitute ‘‘too long and difficult a tale to tell here.’’ After 
observing how interestingly some of the other theoretical topics 
are treated, one does not doubt Dr. Holmes’ ability to make these 
clear also, even to the man in his easy chair. 


Howarp COLLEGE 
BIRMINGHAM, ALABAMA 


Joun R. SAMPEY 
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THE Lyopuitic CoLLtoips (THEIR THEORY AND PRACTICE). 
Martin H. Fischer, Professor of Physiology in the University 
of Cincinnati, and Marion O. Hooker, Research Associate in 
Physiology in the University of Cincinnati. Charles C. 
Thomas, Springfield, Ill., and Baltimore, Md., 1933. viii + 
246 pp. 84 Figs. 16 X 23.5cm. $4.50 postpaid. 


The book is divided into three parts, consisting of 170 pages on 
the general nature of the lyophilic colloids, 15 pages on chemical 
applications, and 48 pages on biological applications. A bibliog- 
raphy of 20 articles by the senior author and collaborators is 
appended. 

This is in no sense a general textbook, but is frankly a summary 
of these previous articles. The tone of the book is argumentative 
rather than explanatory. The general line of the argument is 
that the transformation from a sol to a gel involves an inversion 
of phases, this inversion being favored by a lowering of tem- 
perature or by an increase in the concentration of almost any 
added electrolyte. The argument is supported by analogies be- 
tween the effects of these conditions on the lyophilic colloids 
and on systems of two mutually soluble liquids, such as phenol 
and water, and quinolin and water. The colloids discussed in- 
clude soaps, gelatin, casein, silicic acid, heavy metal soaps, 
greases, paints, and protoplasm. Many of the analogies seem 
rather far-fetched, such as that between lyophilic colloids and 
concentrated sulfuric acid. 

In the biological section the authors reiterate their previous 
ideas that a cell membrane is a figment of the imagination, and 
that the osmotic concept of the cell is totally inadequate. Water 
absorption by protoplasm is considered to be wholly a matter 
of imbibition by colloids, by analogy with the behavior of fibrin 
in electrolyte solutions. The authors seem to be particularly 
scornful of the work of those who have attempted to apply the 
laws of physical chemistry to colloids or to protoplasm. The 
conclusions of these “dilute solution chemists” are charac- 
terized as ‘‘fantasies.”’ 

This book cannot be recommended to students in general on 
account of its one-sided viewpoint. The facts reported may 
possibly deserve the consideration of advanced workers who are 
trying to formulate general theories of colloidal behavior. 

Davin I. HircuHcock 

YVALe UNIVERSITY 

Ngw Haven, Conn. 


ASYMMETRIC SYNTHESIS AND ASYMMETRIC INDUCTION. St. 
Andrews University Publication No. XXXVI. Patrick D. 
Ritchie, B.Sc., Ph.D. Oxford University Press, New York 
City, 19383. ix +155 pp. 138.5 X 21.5cm. $2.75. 


This book is based on Dr. Ritchie’s doctorate thesis, and con- 
sists of a fairly thorough review of the previous work on the 
above subjects, as well as a detailed account of the recent work 
of McKenzie on the induced asymmetry of alpha ketonic esters. 
The subject is one of considerable interest, and the author’s 
presentation of his material is clear and well organized. 

The synthesis of optically active compounds from symmetrical 
molecules, through the use of other optically active compounds 
as directing agents, is a well-known type of reaction, although for 
achieving enantiomorphic purity of yield in these reactions, 
the chemist is still inferior to the enzyme. On the other hand, 
absolute asymmetric synthesis, through the use of physical 
directing agents such as circularly polarized light, has been the 
goal of many unsuccessful experiments, and has been achieved 
only in the recent work of Kuhn. The account of these re- 
searches should be of great interest to the average reader. 

In his discussion of asymmetric induction, the author sheds 
his impartiality and pleads a case. His arguments for the in- 
duced asymmetry of the carbonyl group, while probably not en- 
tirely convincing to opponents of the idea, are certainly worthy 
of consideration. On the whole, the book should arouse interest 
in a field of research that promises to shed considerable light on 
the problems of intramolecular structure. 


5609 Drexet Bivp. 
Carcaco, ILLINOIS 


Tuomas M. Breck 


JouRNAL OF CHEMICAL EDUCATION 


THEORETICAL Puysics, VOLUME II. ELECTROMAGNETISM AND 
Optics. W. Wilson, F.R.S., Hildred Carlile Professor of 
Physics in the University of London, Bedford College. Me- 
thuen and Co., Ltd., London; E. P. Dutton & Co., New York 
City, 1933. xi+315pp. 78Figs. 14 X23cm. $65.75. 


This volume is the second of three written with the intention 
“of presenting physical theory as a coherent logical unity.” 
The topics discussed are electromagnetic theory, the electron 
theory of matter, geometrical optics, and physical optics. Un- 
fortunately the treatment is neither logical nor unified. The 
argument is generally loose and frequently spurious. 

With the exception of two fragments mentioned in the section 
on electron theory, ‘‘microscopic’’ electrodynamics is entirely 
ignored. The fundamental quantities of the theory as de- 
veloped are electric and magnetic charge density, specific induc- 
tive capacity, and magnetic permeability. (It is not suggested 
that the magnetism of matter might be accounted for in terms of 
the motion of intra-atomic electric charge.) In consequence, that 
part of the book which deals with electromagnetic theory is 
valueless to the modern scientist. 

The section on electron theory presents the rudiments of a 
theory of dispersion and of scattering by free electrons, and a 
calculation of the variation of the mass of an electron with 
velocity which is not consistent with the rest of the theory. 

The formulas of geometrical optics are not deduced from those 
of the electromagnetic theory. Their foundation is left un- 
specified. The section on physical optics is without distinction. 


S. L. Quy 


CoLuMBIA UNIVERSITY 
New York City 


Tue Sus-ATOoMs. 
to Blaw-Knox Co., Pittsburgh, Pa. 
Co., Baltimore, 1933. viii 4+- 148 pp. 
$2.00. 

The character of the book is probably best described by the 
writer himself in the following quotation taken from his preface. 

“Those who do not wish Newtonian mechanics to be success- 
ful may find this book annoying, the writer ignorant of ‘estab- 
lished principles’ of modern physics, and not qualified by train- 
ing to consider, much less to discuss, such matters. Such men 
wish to start with the assumption that atoms are not composed 
of particles, in the sense that Newton used the word, and the 
word is understood by ordinary men. They wish something 
sacrosanct in the structure of matter which only the mathe- 
matically initiated can profess to understand. They are intoler- 
ant of the intellect of the ordinary man. The writer of this book 
does not deny his ignorance or boast of his qualifications. The 
claim of this work to a hearing is not based upon such considera- 
tions. Regardless of their origin, the ideas here presented are 
entitled to the consideration of all leading physicists because of 
the injustice and folly of setting aside without adequate trial 
the ideas of the greatest mathematical physicist the world has 
yet seen, Isaac Newton, as inapplicable in the field which he 
himself most hoped that they would ultimately come to domi- 
nate.” 

Mr. Venable apparently believes that Planck’s theory of 
energy quanta, Bohr’s views on the origin of spectral lines, 
the Rutherford-Soddy theory of radioactive disintegration, and 
Einstein’s theory of relativity—to mention only the high spots 
in the progress of physical science during the past thirty years— 
are all completely in error. If this be so, the reviewer would pre- 
fer to maintain the ‘‘error of his ways” in the company of such 
distinguished leaders than attain salvation by trying to under- 
stand the theory of ‘‘sub-atoms’”’ which Mr. Venable has evolved 
out of the physics of 1890. 

While science has always welcomed criticism of its theories and 
radical suggestions, to overcome difficulties in the interpretation 
of observations, it has been universally recognized that such 
criticism and new suggestions should stand the test of logical 
reasoning and should therefore be as consistent as possible both 
in themselves and with the facts which they seek to “‘explain.” 
While the author’s purpose is to develop, on the basis of New- 


William Mayo Venable, Consulting Engineer 
The Williams & Wilkins 
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tonian mechanics, a theory of atomic structure which shall co- 
ordinate our present knowledge in this field, he has failed com- 
pletely, in the opinion of the reviewer, to evolve any sugges- 
tions which merit serious consideration. 
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AIDS TO QUALITATIVE INORGANIC ANALysis. R. G. Austin, 
B.Sc. (Lond.), A.I.C., F.R.M.S., University College, South- 
ampton, and St. Thomas’s Hospital Medical School. William 
Wood & Co., Baltimore, 1933. x + 204 pp. 9 Figs. 10 X 
16cm. $1.50. 


The author’s stated purpose in writing this book is to assist 
medical students as well as others in passing examinations. 
After a brief introductory chapter an outline for the analysis of a 
simple salt is given in Chapter II. In Chapter III the metals are 
divided into groups and in Chapters IV, V, and VI the author 
takes up reactions of basic radicals, reactions of acidic radicals, 
and reactions of some simple organic acids. In Chapter VII 
ways and means for the preparation of the solution of an un- 
known for. analysis are discussed. In Chapters VIII and IX 
occur tables for analysis of both cations and anions, together 
with notes on their use, while Chapter X is devoted to the removal 
of the phosphate radical. In Chapter XI several examples of 
processes of analysis of imaginary unknowns are given and in 
Chapter XII directions for the preparation of several inorganic 
compounds. 

This book is not likely to find any general adoption for class use 
for the usual qualitative course since the laboratory directions 
are not sufficiently detailed although there is much material that 
could be used by the beginner. The author is to be compli- 
mented for not having used qualitative analysis for an excuse to 
teach physical chemistry. His purpose appears to be to teach 
the fundamental chemistry involved in the analysis of relatively 
simple unknowns and for this purpose the book should succeed 
very well provided adequate detailed laboratory directions are 
available. The last chapter on “Preparations’’ seems to be a 
sort of after-thought. The book should be especially valuable to 
beginning instructors in qualitative and to graduate students pre- 
paring for examinations. It is a valuable little book to add to 
one’s library. 

Sr. Louis Univ. ScHoot oF MEDICINE 

Sr. Louis, Missourr 
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ELEMENTARY CHEMICAL THEORY AND PRoBLEMS. WM. N. Shah, 
M.Sce., Karnatak College. Second edition. The Karnatak 
Printing Works, Dharwar, India, 1933. iii + 143 pp. 8 
Figs. 12 X 18cm. Re. 1/-. 

This book aims to present the usual elementary theories of 
chemistry in a manner easily understood by students preparing 
for the first science examination in the Indian universities. 

The fourteen chapter headings are: Laws of Chemical Com- 
bination; Gas Laws; Equivalent Weights; Gay-Lussac’s Law 
of Combining Volumes of Gases; Molecular Weights; Atomic 
Weights; Determination of Chemical Formule; Reacting 
Quantities from Chemical Equations; Electrolysis; Volumetric 
Analysis; Diffusion of Gases; Solubility; Quantitative Organic 
‘Analysis; and Additional Examples. The appendix contains 
tables of atomic weights and vapor pressures, data on freezing 
and boiling constants, followed by five pages of answers to 
problems classified for each chapter and two pages of logarithms. 

Chapters contain in order: (1) clear and complete statements 
of the laws involved in the subject matter of the chapter, (2) 
a good explanation of the experimental basis for the law, (3) 
examples of the solution of problems based on the law, which 
lead to its clarification, (4) and a well-selected list of numerical 
problems testing the student’s grasp of the law. This four-fold 
method of teaching laws that are basic in the science of chemistry 
is a fine piece of pedagogical work. The laws set forth are 
treated so that students may acquire the ability to use them 
intelligently. This well-written book is timely and should 
accomplish its mission. 
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MANUEL DE CHIMIE ANALYTIQUE QUALITATIVE MINERALE. 
P. Wenger, Docteur és Sciences, Professeur ord. de Chimie 
Analytique a l’Université de Genéve et G. Gutseit, Docteur 
és Sciences, Ingénieur-chimiste diplémé, Privat-Docent a 
l'Université de Genéve. Georg & Cie., S. A. Librairie de 
l'Université Genéve, 1933. 496 pp. 19.5 X 12.5 em. S. 
frs. 16-. 

According to the authors, the object of this book is not to give 
a complete treatise on qualitative analysis but rather to select 
those reactions which best lend themselves to teaching. Just 
why a subject like qualitative analysis should be chosen for 
this method of treatment has never been very clear to the re- 
viewer, and the authors have not been guided very strictly by 
this principle except in Part III. 

Part I, pages 1-84, gives a rather thorough treatment of the 
theoretical considerations which in recent years have formed 
an important part of such textbooks. 

Part II, pages 85-314, gives quite adequately the important 
reactions of the anions and cations and includes the so-called 
rare metals so that a careful study will give the student a fairly 
broad foundation of chemical facts bearing upon all the elements 
which would be likely to present themselves for identification. 

Part III, pages 315-78, is rather disappointing in that the 
tables describing the analytical procedure omit not only the 
metals which may still be classed as rare, but also those such as 
vanadium, molybdenum, titanium, gold, beryllium, and selenium, 
etc., which may often present themselves for identification in 
alloys and commercial products. In the opinion of the reviewer 
no textbook which claims to treat the subject of qualitative 
analysis can afford to omit these elements, unless its object is 
simply to illustrate the analytical method. If this is its object 
there is no good reason for discussing all of the so-called common 
elements. As a matter of fact no hard and fixed distinction can 
be made between common and rare elements, because many of 
the so-called rare elements are rapidly becoming less rare and 
more common. 

Part IV, pages 379-484, takes up the use of organic reagents 
as applied to the ‘“‘touch method” of qualitative analysis. This 
portion of the book seems to the reviewer to be of special value, 
for it brings together a number of the tests by organic reagents 
for both common and rare elements. As this field is being 
developed more and more this seems most timely. 


Yate UNIVERSITY Puitipe E. BROWNING 
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MISCELLANEOUS PUBLICATIONS 


ANNOTATED BIBLIOGRAPHY OF RESEARCH STUDIES, JUNE 1931 
TO FEBRUARY 1934. Institute of School Experimentation, 
Teachers College, Columbia University, New York. 15 pp. 
15.3 X 22.8cem. Paper. 

THE RELATIVE IMPORTANCE OF ITEMS OF CHEMICAL INFORMA- 
TION FOR GENERAL EpucaTION. Penna. State Studies in Educa- 
tion No. 6. Robert P. Wray. School of Education, Pennsyl- 
vania State College, State College, Pa. Reprinted from 
The Journal of Experimental Education for June, 1933. 49 pp. 
21 X 27.2 cm. Paper-bound. Copies may be obtained from 
the author at $1.00. 

HEALTH THROUGH THE AGES. C.-E. A. Winslow and Grace T. 
Hallock. Published by the School Health Bureau, Welfare 
Division, Metropolitan Life Insurance Company, New York 
City, 19383. 64pp. 13.5 X 19.5cem. Paper-bound. 


This booklet begins with the medicine men and the magic 
of the Stone Age and traces, through various historical periods, 
the story of how man has learned to protect not only his own 
body but that of his neighbor. 

The story ends on the note that many secrets about the human 
body and its protection against disease remain unsolved, but that 
the scientific method can be depended upon to unveil new pos- 
sibilities of health and efficiency for the people of the future. 

Furnished free of charge for use in junior and senior high- 
school classes on the basis of ten copies to every hundred pupils. 





TRADE ANNOUNCEMENTS 


New TAG Certified Hydrometers 


The C. J. Tagliabue Mfg. Co., Park and Nostrand Aves., 
Brooklyn, N. Y., maker of oil-testing instruments and other 
laboratory equipment, announces the development of the new 
line of TAG Certified Hydrometers with many entirely new fea- 
tures. 

These instruments are supplied in plain and combined forms 
and are superior to the older models in accuracy, convenience, and 
construction. 

The metal thermometer scale, the first ever developed for the 
hydrometer, is much longer and the wide graduations allow 
temperature determinations to be made as close as +0.25°F., 
which is important, since a variation of +1°F. can introduce 
an error of as much as 0.2° A.P.I. in gravity readings. 

All TAG Certified Hydrometers are supplied with a signed 
accuracy certificate of guarantee. These certificates show that 
each individual Thermometer and Hydrometer Scale has been 
compared carefully with a U. S. Standard Certified Instrument 
at points indicated. The accuracy guarantee is higher than 
that required by the A.S.T.M. or the U. S. Gov’t. 

Noteworthy features are explained in detail in a new circular, 
No. 1070, which the manufacturer will supply upon request. 


“Vorce”’ Electrolytic Cells (Laboratory Size) 


The ‘‘Vorce’”’ Laboratory Cell, in all respects but size, is an 
exact duplicate of the standard 1000 Ampere ‘“Vorce’” Com- 
mercial Cell as produced by the Westvaco Chlorine Products, Inc. 

The principal 
use of the labo- 
ratory model is 
for experimental 
and classroom 
demonstration 
work. Chem- 
istry students 
are thus afforded 
the oppor- 
tunity of study- 
ing through ac- 
tual contact and 
experience, the 
fundamentals of 
brineelectrolysis 
and the under- 
lying principles 
of the modern \ 
chlorine and Pasi i : 
caustic cell—  “°w%rontr a 
subjects which 
are becoming of 
increasing im- 
portance each 
year. 

With the af 
*‘Vorce’”’ Labo- ; 
ratory Cellasthe 
basis, students 
can be shown the industrial application of the electrolyticcellinthe 
production of chlorine for water purification and for the manu- 
facture of the many diversified products of the modern electro- 
chemical plant, such as hypochlorites, carbon tetrachloride, 
monochlorobenzene, ethylene glycol, etc. The opportunity is 
further afforded to demonstrate the necessary control tests, 
chemical analyses, and the tests for current and power efficien- 
cies as they would be made in the industrial plant. 

Further details as to parts, specifications, and method of opera- 
tion are given in a bulletin issued by The United States Stoneware 
Co., 50 Church St., New York City. 
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H.S Gas Generators 


The outfit is composed of a one-piece, two-compartment chemi- 
cal stoneware tank, one compartment to hold the acid and the 
other, the solid sul- 
fide, carbonate, car- 
bide, or other react- 
ing substances. This 
reagent is supported 
on a removable per- 
forated plate of 
chemical stoneware. 
The acid enters 
’ through holes in the 
partition wall and re- 
acts with the solid, 
producing the desired 
gas. The cover on 
the gas compartment 
is ground on and made gas-tight by means of a rubber gasket with 
metallic clamps. 
Available in five standard sizes. 
Further details as to dimensions, capacities, and method of 
operation and servicing are given in a bulletin issued by The 
United States Stoneware Co., 50 Church Street, New York City. 
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Harvey-Loomis Centrifuge Microscope 


Working in conjunction with Dr. E. Newton Harvey, Pro- 
fessor of Physiology, Princeton University, and Mr. Alfred L. 
Loomis, of Tuxedo Park, N. Y., the Bausch & Lomb Optical 
Company, Rochester, N. Y., introduces this new type of micro- 
scope with which continuous observation can be made of the 
changes taking place in a cell, while it is being subjected to a 
centrifugal force. 

The design is described and illustrated and the method of 
operation is outlined in a bulletin issued by the manufacturer. 


Recent E. & A. Bulletins 


Available upon request from Eimer & Amend, 3rd Ave., 18th to 
19th St., New York City. 

No. 486, ‘“‘The Volumette,’”’ describing an instrument designed 
to deliver repeatedly quantities of fluid in accurate predeter- 
mined doses. 

No. 498, ‘Precise Analytical Weighing by the Dead Beat 
Principle,’ describing this principle and its application in the 
“Seko’”’ analytical balance. 

No. 510, ‘Universal Stopcock, Plug, and Bottle Stopper 
Remover.” 

No. 518, ‘Wells’ Modification of Krogh’s Osmometer—E. & 
A. Metal Model.” 

No. 520, “Electrometric Hydrogen Ion Apparatus.” 


Fisher Gas-Analysis Manual 


This booklet, by Maryan P. Matuszak, is issued by the Fisher 
Scientific Co., Pittsburgh and Montreal, for use with apparatus 
of the Orsat type. 

“The purpose of this manual is fourfold: (1) to give direc- 
tions for assembling various gas-analysis apparatus of the Orsat 
type; (2) to furnish complete but brief and concise directions 
for making gas analyses to operators who have not had previous 
training in this type of work; (3) to present some new time- 
saving technic to operators already familiar with gas analysis; 
and (4) to inform gas analysts of some recent developments in 
gas-analysis equipment.” 

Descriptions and prices of Fisher Unitized Gas-Analysis Ap- 
paratus are included. 
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F. G. DONNAN 


Professor Donnan of University College, London, is well-known to 
chemists generally through the association of his name with membrane 
equilibria. A pupil of van’t Hoff and of Ostwald, his outstanding 
contribution to science has been the application of the theortes of 
physical chemistry to the chemistry of colloids and especially to 
biological processes occurring at cell walls. 

For the above informal portrait (taken in the summer of 1952) we 


are indebted to Professor C. W. Foulk of The Ohio State University. 
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HE PHILOSOPHICAL CHEMIST. We have 
"| often advocated in these columns the desirability 

of emphasizing the philosophical rather than the 
factual aspects of science in courses directed toward 
cultural ends. It seems to us that the case for a 
philosophical point of view in professional training is 
equally cogent. 

Surely culture, like charity, may most appropriately 
begin at home. Every professional man worthy of the 
name makes some pretentions to culture. Consider the 
anomaly of pretentions to culture which do not include 
a realization and a development of the cultural poten- 
tialities of one’s own specialty. The professional 
doer-of-good—the confirmed lover of mankind in the 
abstract—who cannot live agreeably with his own 
family is rightly regarded with suspicion and contempt. 
Congruently, it is difficult to escape the conviction 
that there is something spurious about purely avoca- 
tional culture. 

That, however, is but one aspect of the matter. 
There is some reason to believe that a more thorough 
grounding in scientific philosophy would have made 
of many a man a better chemist than he now is. If we 
educated more natural philosophers and fewer tech- 
nicians we would have more genuine scientists as 
distinguished from measuring worms and molecular 
carpenters. 

Henry A. Rowland has said: “There is no such thing 
as absolute truth and falsehood. The scientific mind 
should never recognize the perfect truth or the perfect 
falsehood of any supposed theory or observation. The 
ordinary crude mind has only two compartments, one 
for truth and one for error; indeed, the contents of the 
two compartments are sadly mixed in most cases; the 
ideal scientific mind, however, has an infinite number. 
Each theory or law is in its proper compartment indi- 
cating the probability of its truth. As a new fact 
arrives the scientist changes it from one compartment 
to another so as, if possible, to keep it always in its 
proper relation to truth and error.”’ 





If more students could be brought to comprehend 
just what Professor Rowland meant and to realize the 
full force of his statement we would have fewer scien- 
tific fundamentalists and fewer illusions concerning the 
nature of “reality.” Indeed, many flights of supposed 
genius take off from nothing more esoteric than the 
ability to recognize time-honored axioms as hitherto 
convenient assumptions or points of view and to dis- 
card them when they have outlived their usefulness. 

The student of natural science should be conscious 
that the laws and theories of his predecessors have 
emerged under handicaps at least as great as those 
which beset the three fabulous blind men who under- 
took to make tactile examination of an elephant. He 
should take the moral of that fable to heart both in 
connection with the use of what he ‘‘knows’”’ and in the 
search for new knowledge. 

It is of course prudent to qualify our thesis by the 
admission that all science students have not the philo- 
sophical turn of mind. This, however, is probably 
only another way of stating a familiar, though regret- 
table fact—that many who acquire scientific degrees 
are incapable of becoming scientists. More instruc- 
tional emphasis on philosophy might discourage some 
misfits and aid some potential scientists who would 
otherwise miss their mark. 





This month’s cover picture ts a 
reproduction of a painting by 
Jan Steen, entitled ‘‘Alchymist.” 
It depicts, according to your point 
of view, the stubborn folly or the 
tragic steadfastness of purpose of 
these early predecessors of the 
chemist, who often beggared them- 
selves and imposed hardships upon 
their families in their fruttless 
quest for the: Philosopher's Stone. 
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N ARTICLE having the same title was published 

in The Boston University Alumni Magazine, Vol. 

II, No. 7 (December, 1928). It was limited to 

individuals and organizations. This article—the sec- 

ond in the studies I am making on early chemistry in 

New England—is limited to important chemical in- 
dustries. 

The term “‘old Boston” as used in this article needs 
interpretation. By “old’’ we mean the period from 
the settlement in 1630 to about 1815. By ‘‘Boston”’ 
we mean not merely the small tract of land settled by 
Winthrop, but also the towns which were really a part 
of Boston from colonial, industrial, commercial, and 
economic standpoints. 

In the previous article, alluded to above, certain 
chemical industries were briefly considered because 
they were largely the work of individuals or were in- 
timately associated with the activities of one man. 
In the present article some of that material is utilized 
and scattered references are also made to men who 
contributed to the progress of industrial chemistry. 


JOHN WINTHROP, JR., THE FIRST INDUSTRIAL CHEMIST 
IN BOSTON 


The first man in America who devoted much time to 
chemistry was John Winthrop, Jr. (1606-1676), the 
eldest son of Gov. John Winthrop. He came to Amer- 
ica in 1631 and as early as 1633 imported laboratory 
apparatus and chemicals. He was the first promoter 
of chemical industries. 

In his large library there were many books devoted 
to chemistry and medicine, and also 
a number of alchemical books which 
had formerly belonged to Dr. John 
Dee. Many of his books, manu- 
scripts, and letters are still preserved 
in the library of the Massachusetts 
Historical Society, Boston, Mass. 
He died at Boston, and is buried 
in the same tomb with his father in 
the churchyard of King’s Chapel. 

Winthrop, in 1638, began to make 
salt at Beverly “having been given 
liberty to set up saltworks at Rial- 
side (Royal-side).’”’ And ten years 
later he was granted a commission by 
the General Court of Massachusetts 
“‘to make salt from sea-water.” The 
salt was made by evaporating sea-water in kettles, 
and according to Emmanuel Downing, a relative of 


* Reprinted from Bostonia (The Boston University Alumni 
Magazine), Vol. IV, No. 2, May, 1930, by the kind permission 
of Prof. Robert E. Moody, Editor, and with the approval of Mrs. 
Lyman C. Newell. 
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Winthrop, Thomas Leader, general agent of the Saugus 
iron plant, cast the shallow iron vessels for use in the 
process. Somewhat later, perhaps five years, Winthrop 
was granted a patent for twenty-one years for making 
salt by a new process devised by himself. 

Winthrop was the first man to take an active part in 
the iron industry in Massachusetts. This industry was 
started in Saugus and in Braintree as early as 1643 and 
continued for nearly a century. 

Winthrop early realized the fundamental importance 
of the saltpeter industry. Through Winthrop’s in- 
fluence the General Court of Massachusetts, in 1642, 
passed an order that every plantation in the colony 
should erect a house ‘‘within one-half year next coming”’ 
to make saltpeter. And in 1650 he organized a chemi- 
cal stock company, the first of its kind in America, to 
manufacture saltpeter. Among the unpublished papers 
of Winthrop in the library of the Massachusetts His- 
torical Society is the original document giving the out- 
line of the plan of this company. 

Winthrop visited England in 1662 and while there 
read a paper before the Royal Society, of which he was 
a member, on the manufacture of tar in New England. 
In the following year at the request of the Royal Society 
he conducted experiments on the brewing of beer from 
maize. 


SALT 


Salt was first made in a crude way by scattered indi- 
viduals or by families. Salt water was boiled in a 
kettle over an open fire and the solid left after hours of 
labor was strained out of the cooled, 
bitter water. But the need of a better 
quality and a larger quantity of this 
indispensable substance soon led to a 
displacement of separated social 
groups by organized companies or 
skilled individuals. 

John Winthrop, Jr., was not the 
only man among the first settlers 
who made salt. In 1637 a tailor 
named Goodman Fitt was empowered 
“to set up a salt pen, if he can live 
upon it and upon his trade,’’ and 
about 1640 S. Winslow was given a 
monopoly of salt-making by the 
General Court ‘‘for ten years if he 
made his way.”’ Winthrop’s first at- 
tempt (1638) at salt-making at ‘‘Rialside’’ near Bev- 
erly was premature and primitive. His second attempt 
(1648) was an elaborate and economic manufacturing 
enterprise. In May, the General Court granted Win- 
throp three thousand acres of land at Paquatuck, the 
grant to be void, ‘‘provided that he set not up a con- 
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siderable salte worke, we meane to make one hundred 
tun per annum of salte between Capes of Massachu- 
setts Bay, within three years next coming.’’ There 
seems to be no definite record of the success of this 
enterprise. Probably its outcome was encouraging, 
because the General Court in May, 1656, granted the 
proprietor for twenty-one years the exclusive privilege 
of making salt ‘‘after his new way.” (See Mass. Arch., 
lix, 72.) 

Within the next fifteen years the need of salt in the 
fishing industry increased to such a degree that in 1671, 
a committee, appointed in October of the previous year 
by the General Court to confer with Richard Wharton, 
of Boston, “‘respecting his mode of making Salt by the 
sun,’ reported favorably, and advised the Court, “‘to 
encourage a Company for that purpose, which return 
the Court approved.” The output of this company 
probably did not meet the demand. 

It is perfectly clear that the demand for salt often 
exceeded the supply, and it was doubtless this fact that 
influenced the General Court to foster the manufacture 
of a prime commodity. In 1696, another company 
was started, the General Court having given the mo- 
nopoly for manufacturing salt in the whole colony for 
fourteen years to Elisha Hutchinson and others. The 
grant included among other stipulations the agreement 
“to make 100 hogsheads in 1701.” 

The salt industry continued to spread. We find an 
entry under date of 1752 stating that Josiah Quincy 
proposed to start salt making, among other industries, 
at Braintree (now Quincy). We note that soon after 
importations of salt from Bermuda began to increase 
and reached a peak at the beginning of the Revolution. 
During the War the interruption of commerce and the 
diversion of labor to other industries caused a dis- 
tressing scarcity of salt. The price rose from a few 
shillings a bushel to £1 2s. 6d. in 1774 and remained 
at about this price till 1779. This critical situation 
caused the establishment, or rehabilitation, of many 
small plants along the New England shores, especially 
on Cape Cod. In these plants water was pumped 
from the sea by hand or by windmills and was boiled 
in large kettles, often in the open air. This process 
yielded an inferior product, which was seldom purified 
from the more soluble constituents of the brine. The 
apparatus was ill-constructed for its purpose, and 
about two hundred and fifty gallons of water were 
needed to make a bushel of salt. The yield was large 
however, and the price dropped to about 4s. a bushel 
in 1783. : 

The salt industry did not become a well-established 
industry in and about Boston until the War of 1812 
released men for industries and opened the seas for 
commerce. 


LEATHER 


In 1628 a colony of about one hundred Puritans, 
headed by Captain Endicott, settled Salem. In this 
band were Francis and Edmund Ingalls, who, becoming 
dissatisfied, were granted “leave to go where they 
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would.”” In the early part of June, 1629, they arrived 
in what is now Lynn. Francis Ingalls was a tanner 
and settled in that part of Lynn which became Swamp- 
scott in 1852. He at once built a log cabin and ap- 
propriated as much land as he needed for cultivation. 
He also built a tannery in 1632, on the easterly side 
of his house, near Humphrey’s brook. This was the 
first tannery in New England. The vats remained 
in place until about 1825 and when they were dug up 
a hide was found in one of them in a good state of pres- 
ervation. From this tannery in Swampscott undoubt- 
edly there sprang the leather industry in New Eng- 
land. George Keysam, also a tanner in Swampscott, 
was probably connected with the Ingalls tannery. 

Soon after the settlement of Boston, tanneries were 
started, either by the tanners who were purposely sent 
over from England among the colonists or by the more 
prosperous farmers. There were three tanners among 
the first inhabitants of Boston—George Hun, Jeremy 
Houchin (or Hutchins), and William Copp, also a shoe- 
maker, who owned Copp’s Hill. Hun died in 1640, 
but the others continued their work for several years. 

At a rather early date some tanneries were such 
large establishments that they used imported as well 
as domestic hides. For example, in 1653 one New 
England tannery had 415 hides in the bark, 45 hides 
in the lime, and 312 West Indian hides (valued at 
$600) in the lime. 

Skins in increasing numbers were needed, of course, 
by tanners, and we find among the earliest records 
abundant evidence of two fundamental features of the 
leather industry, viz., raising cattle and protecting the 
hide industry. 

The first cattle were introduced into the Plymouth 
Colony by Edward Winslow, in the spring of 1624, and 
the ‘‘herd’’ consisted of three heifers and a bull, to 
which were added twelve cows sent to Cape Ann in 
1626, and thirty more in 1629. The first settlers of 
Lynn were principally farmers, and speedily accumu- 
lated large numbers of horned cattle, sheep, and goats. 
Until their lands were divided or fenced, their cattle 
were kept in a common herd under an overseer or hay- 
ward, and the island of Nahant was the common sheep- 
walk, where the flocks were attended by a public 
shepherd. 

In October, 1640, the General Court called attention 
to the neglect of many persons in not saving such hides 
and skins ‘‘as either by casualty or slaughter come to 
hand,” and declared that all such hides should be pre- 
served to be tanned, or the owner should forfeit the 
skin and £12. 

The first tannery in New England, as stated above, 
was built in the little village of Swampscott soon after 
the settlement of Lynn. Nicholas Eaton started a 
tannery at Ipswich in 1634, and the dressing of goat 
skins and ordinary hides is mentioned in a document 
which granted land to Philemon Dickerson at Salem 
in 1639. It is highly probable that tanneries were 
established in Boston, Charlestown, Watertown, and 
other of the first settled towns, very soon after their 
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occupation. In Watertown two searchers and sealers 
of leather were appointed by order of the Court in 
1638. Leather searchers, in conformity with an Act 
of the General Court, were appointed in Salem in 1642. 

The early tanneries were crude. They were essen- 
tially a number of oblong boxes or hogsheads, sunk in 
the earth near a small stream and without cover or 
outlet below, which served as vats and leaches. A 
few similar boxes above ground sufficed for lime vats 
and pools, and an open shed answered for a beam 
house. These primitive devices were completed by a 
circular trough fifteen feet in diameter, in which the 
bark was crushed by alternate wooden and stone wheels, 
turned by two old or blind horses, at the rate of half 
a cord a day. The first improvements were made by 
a Mr. Edwards. He laid down a trunk of plank made 
tight underneath his vats to carry off the spent liquor 
together with a junk to receive it; next he constructed 
leaches above ground in tiers, one above another, 
raising the liquor by a suction pump worked by two 
or four men; and finally he erected substantial build- 
ings over his beam house and used the lofts for a cur- 
rier’s shop. He located a bark mill on a stream five 
miles from his tannery, and much nearer the place 
where his bark was ground by water power (instead of 
by power from the “old horses’), using at first mill- 
stones, afterward the iron mills as they were invented 
by others. 

In New England hemlock bark was generally used, 
and oak bark in the south. Bark mills were used as 
early as 1661, perhaps earlier in isolated places. 

It is not possible within the space available for this 
article to follow the development of the leather industry 
very far. The several operations of liming, drench- 
ing, bating, salting, etc., in tanning hides improved 
rather slowly and about 1800 reached a stage which 
conformed in its essential features to the general proc- 
ess subsequently followed for many years. Various 
grades of leather were made, as demands increased. 
Morocco leather of fair quality was made as early as 
1770 by the notorious Lord Timothy Dexter and others 
at Charlestown. Dyed leather was produced about 
1788. 


GLASS 


Glass making began at Salem in 1639. In this year 
there ‘‘were granted to the glass-men severall acres of 
ground adjoyning to their howses.’’ The men engaged 
in the undertaking were Ananias Concklin, Obadiah 
Holmes, and Lawrence Southwick, each of whom re- 
ceived two acres of land. The year following, John 
Concklin was also allotted five acres, bordering on the 
previous grants. In December, 1641, the General 
Court, for the encouragement of the enterprise, au- 
thorized the town of Salem to lend the proprietors £30, 
which was to be deducted from the next town rate, and 
the glass men were to repay it, if the work succeeded, 
when they were able. The work was neglected, and 
the Concklins, in 1645, received permission from the 
General Court to form a new company. Glass was 
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certainly manufactured here up to as late as 1660, be- 
cause the works are mentioned in the Records, in 1661, 
as the Glass House Field. Another item implies that 
the works shut down about 1670 for lack of capital. 
In this plant it is probable that nothing more was at- 
tempted than the manufacture of bottles, other simple 
hollow ware, and coarser forms of glass. 

In 1753 a group of German glass workers started to 
make bottles in a part of Braintree called Germantown. 
Other glass articles were made, mostly heavy ware. 
The plant burned a few years afterward and the work 
stopped. The legislature gave the owners permission 
to raise £1250 by a lottery to rebuild. 

In 1783 Massachusetts raised £3000 by a lottery to 
build a glass factory at Boston. English foremen and 
associates were brought over to run the factory. How- 
ever, the glass industry proper was not established in 
Boston until 1787. In July of that year the General 
Court gave a company the exclusive right to manu- 
facture glass for fifteen years. A penalty of £500 was 
attached to any infringement of their right by making 
glass in Boston, and was to be levied for each offense. 
The capital stock was exempted from taxes for five 
years, and the workmen were to be relieved from all 
military duties. A large conical kiln of brick was 
erected at the foot of Essex street. Being found unsuit- 
able for the purpose, it was soon afterward taken down, 
and a wooden one, lined with brick, differently con- 
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structed, was put up in its place. It was 100 feet long 
by 60 wide. On account of difficulties in procuring 
workmen, and other embarrassments, the actual pro- 
duction of glass did not begin until about six years 
after the company was launched. At this time the 
average wage of the workmen was 4s.a day. The com- 
pany started with the manufacture of crown window 
glass and produced a glass equal in quality to any im- 
ported. Raw materials, especially a good quality of 
sand, were abundant. Within six years, they pro- 
duced about 900 pieces of crown glass a week, worth 
$1.75 per piece. The business was always precarious, 
and it was not until 1803 that stability wasreached. In 
this year an experienced glass maker from Europe took 
charge of the works and within a few years Boston 
crown window glass was favorably known throughout 
New England. In 1811 another company began to 
make glass in East Cambridge. In the great gale of 
1815 the Boston works was blown down and later the 
wreckage was burned. 

In considering the glass industry in the colonies, it 
should not be forgotten that window glass and even 
mirrors and glassware were uncommon in England 
fifty years before the settlement of the colonies. As 
late as 1661 country houses in some parts of Great 
Britain had no glass windows, and even luxurious pal- 
aces were only partly supplied with glazing. Although 
the demand increased and the use of glass had become 
almost a universal necessity, it was a scarce article dur- 
ing the Revolution, and as a matter of fact most of the 
glass, especially large sheets of window glass, used 
prior to that period was imported from the mother 
country. 

Molding and cutting machinery were not introduced 
until after 1800 and coal did not replace wood as fuel 
until about 1825. 

In looking back over the history of glass making it is 
noticeable that the industry remained unsuccessful or 
experimental until the makers realized that the furnace 
clay, sand, limestone, potash, soda, etc., must be tested, 
especially for iron and other impurities. 


POTASH 


Potash was among the chemicals prepared by the 
first colonists soon after they had built their log houses. 
They saved the ashes from their fireplaces, leached out 
the potash, and used the lye for washing their clothes, 
and removing grease from their kettles. As soon as 
fats accumulated, they were made into a harsh soap 
by the lye. 

The early clearing of land and first fashioning of 
lumber fostered the manufacture of potash. The felled 
trees and troublesome trash were burned to get rid of 
them, and the potash makers followed, or often accom- 
panied, the lumbermen. One of the first recorded 
potash enterprises was at Piscataqua, now Portsmouth, 
N. H., where in 1631 a large mill was erected to saw 
lumber and at the same time make potash from the 
refuse. Eight Danish immigrants were employed. The 
potash industry in America was really established at 





this time. It grew rapidly, and before many years 
small plants were scattered throughout the colony. 
Several reasons account for this rapid increase. The 
most impelling was the one already stated, viz., the 
necessity of getting rid of the trees and trash. An- 
other was the simplicity of the process, 7. e., burn wood, 
leach the ashes, and evaporate the solution in kettles 
heated by the burning wood! Still another reason was 
the steady demand for potash in the colonies, and in 
England as well, at a good price, ranging according to 
the quality of the potash from £13 to £20 aton. Per- 
haps an important reason for the undisturbed progress 
in this industry was labor. The Indians would not 
work at potash making; they preferred to hunt and 
fish. But adventurous white men were willing to go 
into the woods to make potash; this kind of work re- 
quired no skill. Records show that one man alone 
could, in one year, cut and burn enough wood to make 
nearly 10 tons of potash. 

Inasmuch as potash could be manufactured by un- 
skilled laborers, potash plants were started in many 
places. Samuel Blodgett began to make potash in 
Haverhill, Mass., in 1750. William Frobisher im- 
proved the process in 1768 according to an item in the 
Massachusetts Archives. About this time (1760- 
1775) potash became an important commodity. Much 
was used in Boston by soap makers. Cohsiderable 
was exported to England. Larger and better iron 
kettles became available. The quality of the potash 
was improved, and standards of purity previously es- 
tablished were beginning to be observed more generally. 

The industry spread so that the number of potash 
works in Massachusetts in 1788 was nearly 250. The 
first in the state is said to have been erected on a very 
large scale, near Belchertown. An immense building 
was put up and lined with iron-bound vats and tubs, 
and in the center were built four large furnaces, the 
fires of which met in a common flue where the intense 
heat was intended to evaporate the lye, conducted to 
it in a small stream, while the dry potash fell into a pan 
beneath. After a great outlay for apparatus, ashes, 
etc., the fire was directed upon a stream of lye, where- 
upon the chimney suddenly blew up and the proprietor 
was obliged finally to abandon this promising plan. 

At this date (1788) some of the most profitable works 
were set up at a cost of less than £20, exclusive of the 
kettles, which were the chief item of expense. In Lan- 
caster County, Mass., there were many pot-and-pearl- 
ash works. The first complete ton of potash sent to 
market is said to have been from Ashburnham, in that 
county, where it was made almost from the first settle- 
ment in 1735. The first introduction of iron kettles 
in the business has also been ascribed to Colonel Caleb 
Wilder of Lancaster. 

The procedure of manufacture changed as the wood 
was used up and the demand for a better product in- 
creased. Wood was burned in huge piles and the ashes 
were leached in large vats instead of in barrels or tubs. 
The lye was then boiled down to a black mass in a 
battery of kettles. If an ordinary grade of potash was 
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wanted, this black mass was removed and sold as such. 
To make a better grade for use in manufacturing soap 
and glass, the black mass was left in the kettle and 
heated very hot to burn off as much of the carbon as 
possible. This gray product was called pearlash. Its 
manufacture was more profitable than that of the or- 
dinary potash, and several more or less successful at- 
tempts to improve the quality were made. For ex- 
ample, instead of heating the black mass in a kettle, 
the mass was raked from the kettle and spread out in 
a long oven or in a reverberatory furnace of simple con- 
struction. By this improvement the slow, uneven 
heating in the kettle was replaced by rapid, uniform 
heating much like modern methods. Pearlash de- 
spite its price was not made in large quantities, and 
even so most of it was exported. A ship’s cargo in 
1768 contained 1344 tons of potash and 201 tons of 
pearlash. 

The percentage of actual potash in the commercial 
product was variable, but the purchaser had no way of 
knowing this fact. Moreover, there seemed to be few 
known ways of stating its purity. Many chemists 
worked on this problem, among them being Dr. Aaron 
Dexter, the first professor of chemistry in Harvard 
University. The results of Dexter’s investigations 
were published in 1793 under the title “Observations 
on the Manufacture of Potash’ [Mem. Am. Acad. 
Arts and Sciences, 2, 165-70 (1793) ]. It is evident from 
his article that he was asked for help by manufacturers, 
and his study of the sources and methods convinced 
him that the impurities were earthy matter and com- 
mon salt. In his paper he describes current ways of 
obtaining potash from ashes, and points out ways to 
get rid of contaminating substances and produce a 
satisfactory product. Dexter’s contribution shows 
that at this late date manufacturers of potash had not 
fully standardized their product and found it necessary 
to consult a chemist; and the article also shows that 
the first professor of chemistry in Harvard University 
likewise found it possible to help the manufacturers 
in this industry. 

IRON 


Strictly speaking, iron was not manufactured within 
the narrow limits of Boston proper, though forges and 
bloomeries were set up in many neighboring towns. 
Boston was indirectly responsible for many of these 
early attempts to manufacture iron, and furnished a 
market for this metal, so indispensable in constructing 
buildings and providing ships with anchors, chains, 
and other metal parts. 

Anticipating a little, we may say there were six kinds 
of iron plants—so-called—in the colonies and provinces. 
These kinds were bloomeries, forges, ore furnaces, 
smelting furnaces, slitting mills, and steel furnaces. 
At first forges and bloomeries were set up. The 
bloomeries and forges were much alike, and were gen- 
erally provided with a power-driven bellows. In these 
plants rich ore was reduced by charcoal in an open fire 
into a semi-molten mass, or bloom, of a rather poor 
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quality of wrought iron, which was purified roughly 
by hammering on an anvil. This was the process 
followed for many years in eastern Massachusetts, 
where the first bloomeries and forges were erected. 
The plants required only a small investment and could 
be set up almost anywhere. The product was made 
into heavy farm implements, coarse tools, nails, etc. 
Not much technical improvement was made in this 
type of iron manufacture until after the Revolution. 
Discovery was early made of the bog iron ore in 
numerous peat bogs and ponds within a mile or two of 
Lynn, and the first attempt to manufacture iron in New 
England was made in this town. The great scarcity 
of ironware and tools, and of iron for ship building and 
erection of mills and dwelling houses led Thomas 
Dexter, Robert Bridges, and other enterprising persons, 
to form a plan for the manufacture of iron in the 
Colony. With this view, Mr. Bridges, in 1643, took 
to London some specimens of ore from the ponds of 
Saugus. In connection with John Winthrop, Jr., who 
had preceded him thither two years before, a company 
was formed, called the ‘““Company of Undertakers for 
the Ironworks.”’ The sum of £1000 was advanced 
for commencing the work, arid Winthrop, accompanied 
by a corps of workmen, returned to New England the 
same year. Preparations were immediately made 
for the manufacture of iron on a large scale, contem- 
plating not only smelting the ore, but refining and forg- 
ing the metal. The General Court was applied to for 
encouragement and participation in the business. 
The design was approved, but the state of the public 
treasury did not warrant the Assembly in taking stock 
in the Company. Two or three private persons joined 
the enterprise, and the General Court granted them, 
March 7, 1643, nearly all their requests, including the 
exclusive privilege of making iron for twenty-one years, 
provided they made, after two years, sufficient iron for 
the colony’s use. They were allowed the use of any 
six places not already granted, on condition that they 
set up within ten years a furnace and forge in each 
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place, ‘“‘and not a bloomery only.”’ The undertakers 
and their agents were exempted from all public charges 
and taxation upon their stock, and they and their work- 
men were released from military training. 

A grant had been previously made in town-meeting, 
“19th of 11th mo.,” 1643, to Winthrop and his part- 
ners, and to their assigns forever, of about 3000 acres 
of the common land at Braintree, ‘‘for the encourage- 
ment of an Iron-work to be set up about Monotcot 
river.’’ This grant was not surveyed, however, and 
was not laid out until January, 1648. It was long a 
subject of doubt whether the first forge was in Brain- 
tree or Lynn. But undoubtedly the first works were 
erected at Lynn, on the west bank of the Saugus, upon 
land purchased of Thomas Hudson, near a chain of 
small lakes abounding in ore. The village was called 
Hammersmith, after the native town (in England) of 
several of the principal workmen. Large heaps of 
scorie in Saugus mark the site of one of the most im- 
portant, though for various reasons not very successful, 
chemical industries of early colonial times. Opera- 
tions were continued with variable success for over 
one hundred years. 

One of the men who probably accompanied Winthrop 
from England and was connected with the undertaking 
from the first as a principal workman and machinist was 
Joseph Jenks, a native of Hammersmith. He was held 
in high esteem for his extraordinary ingenuity as an 
artificer in metals. By his hands the first models were 
made, and the first castings taken of many domestic im- 
plements and iron tools. The first article cast was an 
iron pot, capable of containing about a quart. Thomas 
Hudson, of the same family as the celebrated Hendrick 
Hudson, was the first proprietor of the lands on the 
Saugus River, where the iron foundry stood. When 
the forge was established, he procured the first casting, 
which was the famous old iron pot. This was preserved 
as a curiosity, and handed down in the family. It is 
now in the Lynn Public Library. 

On May 6, 1646, Jenks was granted by the legislature 
a patent for 14 years ‘for the making of engines for 
mills, to go by water, for the more speedy despatch of 
work than formerly, and for the making of scythes and 
other edged tools with a new invented sawmill, that 
things may be afforded cheaper than formerly, and so 
on, yet so as power is still left to restrain the exporta- 
tion of such manufacturers, and to moderate the prices 
thereof, if occasion so require.’’ About ten years later 
he was accorded another patent for an improvement 
in the manufacture of scythes, ‘‘for the more speedy 
cutting of grass, for seven years.’ The improvements 
consisted in giving greater length and thinness to the 
blade, and in welding a bar of iron upon the back to 
strengthen it, as in the modern scythe. This was an 
essential improvement upon the old form of the 
English scythe, which was a very clumsy instrument, 
short and thick like the bush or stub scythe. No 
radical change has since been made in the form of this 
implement. ; 

His genius took a somewhat wide range. In October, 
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1652, when Massachusetts undertook to supply the de- 
ficiency of specie by a silver coinage, Jenks was em- 
ployed to make the dies, which he executed at the iron 
works. ‘The issue consisted of shillings, sixpences, and 
threepences, to which was added, in 1662, an issue of 
twopences. Of the shillings, there were at least six- 
teen different dies, and several of each of the others. 

Two years after, Jenks made a contract with the 
selectmen of Boston ‘“‘for an Ingine to carry water in 
case of fire,’’ which was undoubtedly the first attempt 
to make or use a fire engine in America. Very few 
such machines were built in Europe until this date. 
They were not used in Paris until nearly fifty years 
later, and the addition of an air chamber was not made 
until long after. 

The fabrication of iron into needed articles was 
carried on vigorously. Besides the improvements in 
casting, another example of this progress was the erec- 
tion of slitting mills in Boston, Milton, Middleboro, 
and many other places. In these mills bars of iron were 
rolled into sheets and then slit into rods. The rods 
were used as such or headed into spikes and nails by 
farmers during bad weather or the long winter even- 
ings. Another improvement was the introduction of 
machinery for heavy forging. Thus, Nathaniel Ayers 
set up such a plant at Boston in 1720 where he forged 
anchors weighing 600 Ib. or less, and also the heavy 
iron parts for grist mills and saw mills. Many im- 
provements were also made in casting, e. g., sand was 
substituted for clay in the molds, thereby permitting 
the better casting of kettles, etc., such as was done 
prior to 1710 by Joseph Mallinson at Duxbury. His 
work was so highly regarded that in 1733 Massachu- 
setts granted him 200 acres of wild land “‘in considera- 
tion of his great service to the public in setting up the 
manufacture of cast-ironware in sand.” This man’s 
work was improved and by 1760 cast teakettles of 
superior quality were made at Carver. Still another 
step forward was the selection of better ore. A lively 
example of this is found in the case of one Holmes of 
Kingston. While fishing in a nearby pond in 1751, 
according to a local account, he tried to pull in a lump 
of bog iron ore weighing 3000 Ib.! It was of such 
quality that it yielded 25 per cent. of iron, which came 
to be known as “Holmes iron” and during the Revolu- 
tion was cast into cannon balls. 

Perhaps the most important advance was made by 
Hugh Orr, a young Scotchman, who settled in Bridge- 
water in 1738. He manufactured @dged tools. Ship 
carpenters and other mechanics came to him from dis- 
tant points for tools. His versatility led to improve- 
ments in almost any work in metals. Perhaps his most 
welcome step was in the transfornfation of iron into 
implements of war. He cast and bored cannon, and as 
early as 1748 he made 500 stand of arms for the Prov- 
ince of Massachusetts. Unfortunately, when the Brit- 
ish evacuated Boston, they carried away nearly all 
these muskets. 

We should expect that fishhooks would be included 
early in the range of the mechanic arts. And we find 
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in the inventory of Adam Bath, at Boston, in 1717, a 
variety—6000 tomcod, 5000 flounder, and 10,000 
‘“‘small fishhooks not finished.’”’ He had an assortment 
of wire, both iron and steel; 2 bbl. of ‘‘fine card wire,”’ 
and 3 lb. of ‘“‘card wire.’’ This would indicate that 
he made cards as well as fishhooks. 

Other improvements in iron manufacture were made 
after the Revolution, but the exhaustion of good ore, 
the consumption of nearby wood, and the scarcity of 
limestone led to the transfer of the iron industry from 
eastern to western Massachusetts, and then to more 
favorable locations for raw materials. 


BEVERAGES 


The first settlers had little time to manufacture 
beverages, despite the fact that most of them had 
previously acquired habits and tastes of drinking which 
were hard to forego. . 

Tea, coffee, and chocolate were almost unknown in 
England when our ancestors left for America. Fer- 
mented liquors, on the other hand, had long been a part 
of their drink. Beer was a common beverage, and it 
is not astonishing that brewing was undertaken by the 
colonists as soon as the threefold problem of food, 
clothing, and shelter was along the way to solution. 

Brewing started in Boston soon after the settlement. 
In November, 1637, the General Court, for the protec- 
tion of brewers, who seem already to have been nu- 
merous enough to form a sort of trade union, ordered 
that: “No person shall brewe any beare, or malt, or 
other drinke, or sell in gross or by retaile, but only such 
as shall be licensed by this Courte, on paine of £100; 
and whereas Capt. Sedgwick hath before this time set 
up a brewe-house at his greate charge, and very como- 
dious for this part of the countrey, hee is freely licensed 
to brewe beare to sell according to the size before li- 
censed dureing the pleasure of the Courte.” 

The ‘‘size’”’ was before ordered to be not stronger than 
could be sold at 8s. a barrel, under penalty of £20. 
This seems to be the earliest mention of a brewery in 
the colonies. 

In the colonial times brewing was both a household 
industry and a specialized trade. Malting was an in- 
dividual or an independent industry, though some farm- 
ers prepared malt from their own barley. The process 
of brewing was largely a hand one, even the pumps 
being worked by hand and in some cases the malt was 
ground between small stones. There was no sterilizing 
(except by boiling) and no cooling. Beer was stored 
in cool places underground. At the Commencement 
of Harvard University in 1703 four barrels of beer were 
consumed to only one of cider and eighteen gallons of 
wine. 

Cider was a common and acceptable beverage in 
colonial and provincial times. Apple trees were among 
the first plantings, and as early as 1650 Massachusetts 
shipped barrels of cider to Maryland ard even to the 
West Indies. At this time cider was ls. 8d. per gallon 
and £4 4s. per hogshead. Cider was made into vine- 
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gar by spontaneous fermentation. One use of vinegar, 
seldom mentioned, was in cleaning slave ships. 

The most conspicuous of the beverages made in old 
Boston and other New England towns, especially New- 
port, R.I., wasrum. The industry started as soon as 
the first sailing vessels brought back molasses from the 
West Indies in return for lumber, staves, and fish. 
The molasses was “‘sugary’ and yielded a pleasant 
tasting beverage, though it lacked the body and flavor 
of the West Indian product. The rum industry grew 
to large proportions. In 1750 it was estimated that 
Massachusetts made over 15,000 hogshead—and Bos- 
ton’s share must have been large. The price was low, 
averaging not over 25 cents a gallon. 

Only a few facts about this unusually large industry 
can be stated here. One relates to the equipment of a 
brewery. About 1725 Thomas Amory built a still- 
house in Boston. Pine logs 28 ft. long and 18 in. in 
diameter were brought from Portsmouth, N. H., for 
his pumps. In 1726 he ordered a copper still of 500 
gallons capacity from Bristol, England. The head 
was to be large in proportion to the still, the gooseneck 
was to be 2 ft. long and of fine pewter, with a barrel 
in proper proportion to the whole still. The price de- 
livered in Boston was to be 270 per cent. over the 
Bristol price. Unless the making could be done in 
Bristol for 2d. per pound, he stated he would rather 
have the metals shipped to him to be made up in 
Boston. 

In 1735 a distillery for making rum from molasses 
was built at Medford—the first of a series which oper- 
ated for many years. 

Prior to 1793 the neighborhood of Essex and South 
Streets in Boston was largely occupied by distilleries. 
The oldest one was for some time in the possession of 
the French family, and it had been improved as early 
as 1714 by Henry Hill, a distiller, and by Thomas Hill 
after him. Besides this, there were Avery’s and Has- 
kin’s distilleries, between Essex and Beach Streets. 

In 1794, when the town contained a little more than 
18,000 inhabitants, there were no less than thirty dis- 
tilleries. Boston rum at this time was 4d., and that 
from the West Indies 6d., a quart. 


' 
LIME 


Doubtless the first lime was manufactured by ‘‘burn- 
ing”’ shells in a wood fire just as until a few years ago 
lime was made by “burning”’ limestone itself over a 
wood fire. Manufactured from shells in this crude 
way, the first lime must have been a very poor product. 
However, it was caustic enough for removing the hair 
from skins in the manufacture of leather, for making 
a rough mortar to hold chimney and fireplace stones 
together, and even for constructing brick houses. 

The colonists were familiar with the English method 
of manufacturing lime by heating limestone, and doubt- 
less they prospected for limestone as they did for gold, 
lead, medicinal plants, etc. Hence there was great 
rejoicing and considerable excitement when limestone 
was discovered in 1697 in Newbury, Mass., by Ensign 
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James Noyes. The news of the discovery spread, and 
it is said that at first thirty teams a day came to New- 
bury to drag away the precious “‘stone.’’ The few 
inhabitants were startled by the removal of their 
riches, and sent James Brown, the deputy sheriff, to 
stop the spoliation. As soon as possible, a solemn 
notice was “‘publickly”’ posted stating that: “The town 
will have a meeting, and bring it to some regulation.”’ 
Other deposits of limestone must have been discovered 
soon after, especially as explorers and pioneers pushed 
into Rhode Island, Vermont, and Western Massachu- 
setts. 

Lime was manufactured in Boston as early as 1723— 
perhaps earlier, though we know that a lime kiln was in 
operation near the Bowling Green in 1723. About 
this time the price of lime was 1s. a bushel. 

Long before the Revolution, lime was manufactured 
in large quantities in, and near Boston, and at the time 
of the War the price had risen from £1 to £6 a hogs- 
head. Lime was manufactured from limestone as 
early as 1661 in Providence, R. I., and sent in large 
quantities to Boston before the industry was under 
way in the latter town. 


BRICK, TILE, AND POTTERY 


Usually the brick and tile plants were near clay pits 
in towns which yielded wood for fuel and had good 
roads for transporting the finished products to Boston 
or other commercial centers. The bricks included 
soft, hard, and glazed varieties. The tiles included 
both rough (for roofing) and enameled. And the 
pottery, while rather crude at first, was soon made 
into durable and attractive vessels. As stated below, 
the brick molds sooner or later were iron shod and of 
prescribed dimensions. The clay used by potters was 
carefully selected, aged, and ground in iron mills—as 
soon as there was a demand for a good quality of ware. 
The pottery was shaped on a platform operated by a 
foot-wheel. The tiles were molded and grooved by hand. 

The brick, tile, and pottery industries were among 
the earliest colonial industries to be technically de- 
veloped and fundamentally organized, and considerable 
capital was invested in them for those days. 

The first brick house in Boston, and perhaps in Massa- 
chusetts, was built, it is said, by one of the Codding- 
tons, previous to his removal to Rhode Island in 1638. 
In 1643, a brick watch house was built on Fort Hill, in 
Plymouth, which is the earliest notice of bricks in that 
town. The bricks were furnished by a Mr. Grimes, at 
lls. a thousand. This was about the price of bricks 
for several years. Lime, brick, and tile making are 
mentioned among the trades that were pursued as 
independent callings in New England, as early as 1647. 

Boston, about 1657, is quaintly described as having 
“large and spacious houses, some fairly set forth with 
brick, tile, slate, and stone, and orderly placed, whose 
continual enlargement presageth some sumptuous 
city.” The General Court in 1667 appointed a com- 
mittee to frame a law to regulate the size and manu- 
facture of bricks, and within the next few years, several 
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laws were passed requiring bricks to be made of stand- 
ard size in ironshod molds and from clay dug at the 
tight season. As early as 1677, a brick building was 
constructed ‘‘for the College at Cambridge” by sub- 
scription, and in 1697, a substantial brick meeting 
house, the first building in Boston of that material, 
was erected on the site of the Quincy House. 

One of the first brickyards, perhaps the first, was 
started in Swampscott on the northerly side of Hum- 
phrey’s brook near Ingall’s tannery. As early as 
1647, perhaps earlier, brick making was carried on ex- 
tensively at ‘‘the town of Mystick,’”’ subsequently 
named Medford, though the name Mystic continued to 
be associated with this region. Indeed ‘‘Mystick’”’ 
seems to have been the principal place for the manu- 
facture of bricks in Massachusetts. About the time 
of the Revolution this town produced annually over 
four millions of bricks, and the price was only about 
16s. a thousand. Boston, Dorchester, Charlestown, 
and a few other older towns, also produced some—by 
compulsion, no doubt to save the expense of transpor- 
tation by such imperfect means as they had in those 
days. In Boston the brickyards were near Dover 
Street, before the Revolution. They gave employ- 
ment to many poor people during the continuance of 
the Port Act. The need of brick in Boston was due 
to the total absence of building stone of any kind 
within the narrow limits of the original Boston. 


PAPER 


The first paper mill in the New England colonies was 
established in the Dorchester district. On September 
13, 1728, the General Court granted to Daniel Hench- 
man, Gillam Phillips, Benjamin Faneuil, Thomas 
Hancock, and Henry Dering the sole privilege of making 
paper in the Province for a term of ten years. 

Henchman and his partners hired from the heirs of 
Rev. Joseph Belcher an old mill which had been erected 
early in 1706 at the bridge over the Neponset River in 
Milton. The proprietors employed an Englishman 
named Henry Woodman as foreman. Owing to many 
delays they did not begin the regular manufacture of 
paper till 1730. In 1731 they furnished the General 
Court samples of their paper. 

Henchman, who appears to have been a principal 
projector, was a well-known bookseller and publisher 
in Boston, and a man of considerable wealth for the 
times. Another bookseller of Boston, who seems to 
have been concerned in this first paper mill in New 
England was Richard Fry. In May, 1732, Fry had 
the following item in an advertisement in the Weekly 
Rehearsal, a paper published by Thomas Fleet, the 
printer: 

“T return the Public Thanks for following the Di- 
rections of my former Advertisement for gathering 
Rags, and hope they will continue the like Method, 
having received upwards of Seven Thousand weight 
already.” 

The paper industry which was started in Milton at 
this early date has continued through an unbroken 
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succession of men to the present day. We cannot 
follow it in all the details of ownership, and will merely 
mention some of the salient historical aspects. One of 
the men who next became interested in paper making 
in Milton was the zealous and versatile James Boies 
of Boston. In 1760 Boies procured a papermaker, 
named Hazelton, from a British regiment, then in 
Boston, and attempted to put the business on a better 
basis. Soldiers on furlough were occasionally permitted 
to work for the tradespeople with whom labor was 
scarce. Hazelton worked only a short time, because 
his regiment was soon after ordered to Quebec, and the 
Commander-in-Chief refused to allow Hazelton to re- 
main behind. After another short interruption, Rich- 
ard Clark, a practical paper maker, became associated 
with Boies. Clark is said to have had a superior 
knowledge of the business, and to have made most of 
the molds used by him. He was assisted by Abijah 
Smith, who continued in the business to an advanced 
age, and subsequently by his own son, George Clark. 

The paper industry, once really started, grew rapidly 
in this town. Boies and Clark were followed by Boies 
and McLean (1777), J. S. Boies (1790), and Tileston 
and Hollingsworth (1801). The last company became 
the Tileston and Hollingsworth Company in 1889 and 
is still in operation. Boston University has an aca- 
demic interest in this company because our Commence- 
ment programs are printed on paper made in this 
mill which is the industrial successor, through four 
generations of Hollingsworths, of the first paper mill 
in old Boston. In 1796, the town of Milton had three 
paper mills, making six on the Neponset river; there 
were twenty within the State of Massachusetts. 

The first paper manufacturers struggled with two 
difficulties. One was the scarcity of workmen, espe- 
cially those skilled in this industry. The other was 
the lack of raw material. Rags, of which the paper 
was made, were scarce and scattered. The following 
announcement appeared in an issue of the Boston News 
Letter during 1769: 


The bell-cart will go through Boston before the end of next 
month, to collect rags for the, Papermill at Milton, when all 
people that will encourage the paper manufactory may dispose 
of them. 


Another striking example of the measures taken to 
procure rags is the item printed in the Boston Evening 
Post, March 6, 1775: 


IN PROVINCIAL CONGRESS. 
February 9, 1775 


|) ge suioenoged the Encouragement of the Manufactures of the 
Country will at all Times, (and more especially at this) be 
attended with the most beneficial Effects, and Messieurs Boice 
and Clark having represented to this Congress, that they have at a 
very considerable Expense erected Works at Milton, in this 
Province, for the making Paper, and have not heretofore been able 
to obtain a Sufficiency of Rags to answer their Purposes; and in 
Order to procure a larger Quantity of that Article, have raised the 
Price thereof: ‘ 

Therefore, Resolved, That it be recommended, and it is by 
this Congress accordingly recommended, to every Family in this 
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Province, to preserve all their Linnen and Cotton & Linnen Rags, 
in Order that a Manufactory so useful and advantageous to this 
Country may be suitably encouraged; and it is also recommended 
to our Several Towns to take such further Measures for the 
Encouragement of the Manufacture aforesaid, as they shall think 
proper. 
Signed by Order of the Provincial Congress 
JOHN HANCOCK, President. 
A true Extract from the Minutes. 
BENJAMIN LINCOLN, Secretary. 


The Boice (Boies) and Clark mentioned in this item 
are the two men noted above. 

The process of making paper in these old mills was 
rather crude and very slow. A single mill usually had 
two vats, employed ten men, and as many boys and 
girls. Such a mill required a capital of about $10,000 
and was capable of producing annually from 2000 to 
3000 reams of different kinds of paper. 

Although only white or slightly colored rags were 
used for the manufacture of white paper, the product, 
as is evident from the inspection of the early books and 
newspapers, was coarse, dark-colored, and unsightly. 
The grinding, or trituration, of the rags into pulp was 
done by beating them with a trip-hammer in stone or 
iron mortars. There was no means of discharging the 
coloring matter, either before or after the formation of 
the sheet, and the paper was sent to market unbleached 
and uncalendered. By this process several days were 
required to produce paper which subsequently could 
be made in a few hours, and at the present day in only 
a few minutes. Moreover, the relative quantity pro- 
duced in the earliest days was absurdly low. This 
limited output is readily understood when we know 
how the work was done. 

Each sheet was made separately, and four and a half 
reams of newspaper twenty by thirty inches, techni- 
cally termed ‘‘a day’s work,’’ required the constant 
labor of three men, with the occasional assistance of 
two more. These four and a half reams contained two 
thousand, one hundred sixty sheets, which placed 
end to end would measure five thousand four hundred 
feet—a little more than one mile. Moreover, when 
the three men with their two assistants had finished 
their day’s work, the paper was wet, and had to be 
dried upon poles. If the weather proved favorable, 
this drying might be done in five days—a startling con- 
trast to our automatic machines of the present day, 
which turn out many miles of dry paper a day. 


DYEING 


The gay-colored fabrics of the colonists were imported 
from England. But the cloth, especially of linen and 
wool, needed for ordinary wear was dyed in the earliest 
days by natural colors extracted from roots, barks, 
berries, etc. The first sources were doubtless pointed 
out by the Indians, who used vegetable coloring matter 
together with ochres to dye their garments, implements, 
and ornaments, and to smear their bodies. But the 
settlers soon learned to select choicer raw material and 
prepare better and more permanent colors. The 
dyeing, as well as the carding, spinning, weaving, and 
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bleaching, was done by the wives and daughters of the 
farmers and planters—at first in the homes of indus- 
trious individuals and coéperative groups, next by 
individuals and groups in a common working place, 
and finally in mills, though the home was always the 
source of the best quality of linen. 

Indigo, which for ages has been used to produce a 
fast blue, was the most important dye used. The 
indigo plant is indigenous in America, though many 
plants yielding a blue coloring matter were often mis- 
taken for the genuine plant. Thus, Emmanuel Down- 
ing, a relative of John Winthrop, Jr., wrote this young 
industrial chemist about 1650, that ‘‘a weed growing 
in abundance arourid Salem produces an indigo better 
than the West Indian and equal to the East Indian.” 
Downing performed some experiments looking toward 
the manufacture of indigo, but doubtless had to con- 
clude that the product was inversely proportional to 
his prediction. However, indigo was brought to Boston 
from the West Indies as early as 1639 and continued 

. to be imported for many years. The plant was culti- 
vated in South Carolina, where the industry was fos- 
tered by a bounty as early as 1694. 

One local result of the colonial industry and the 
trading was the permanent ‘‘indigo tub” in the chimney 
corner of most homes where the women dyed their 
yarns. Many woods, especially logwood, from which 
a dye could be extracted, were imported. 

The demand for colored fabrics of many hues, com- 
mon to all peoples in whatever stage of development or 
period of colonizing, soon led to the rise of the journey- 
man dyer and the business of dyeing. Two examples 
illustrate this fact. A ‘“‘blue dyer’’ was sent from Bos- 
ton quite early to Norwich, Connecticut, because he 
“could dye cotton, tow, or linen in indigo.’”’ There 
is an inventory of John Cornish of Boston taken in 
1695, ‘“‘an humble dyer, comber, weaver, and fuller.” 
The inventory describes the process by which he dyed 
wool in ‘‘2 furnaces value £16." We can also get some 
idea of the extent of his processes by certain items. 
Thus, besides textiles, he had on hand— 


60 lb. potash at 6d. 
35 lb. madder at ls. 
230 Ib. fustic at 18s. 


82 Ib. copperas at 2d. 
34 Ib. galls at 18d. 
70 Ib. redwood at ls. 


Silk dyers were at work early in the eighteenth cen- 
tury. Thus, in 1722 Samuel Hall advertised in the 
Boston News Letter that he is a man “proficient in 
callendering any silk and in watering, dying (dyeing) 
or scouring.” Similarly in 1726 another man adver- 
tised himself ‘‘a silk dyer just come from London,” 
and solicited work on brocades, velvets, satins, mohairs, 
damask, needlework, silks, and worsted hose, and in 
1731 James Vincent and Joseph Herbert advertised 
that they were equipped to “dye all sorts of women’s 
wearing apparel, with embroidery and needlework; 
glaze fine chintz and calicoes; press, callender and new 
pack goods for merchants.” 

As the Revolution approached, dyeing became very 
general. A great step in advance was taken by William 
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Molineaux of Boston in 1769. In this year he became 
a tenant in the famous Manufactory House. Here he 
opened a spinning school, and in connection with it 
established a large dyehouse, which was said to be the 
best equipped in the provinces. It was furnished with 
a varied assortment of vats and kettles and with dyes 
especially selected to color domestic fabrics. Un- 
fortunately, the premature death of Molineaux dis- 
rupted the business, and in 1774 the equipment was 
sold to settle his estate. However, at just this time 
the domestic industry was favored by the provincial 
congresses, Massachusetts among them, which passed 
measures specifically encouraging the domestic manu- 
facture of many chemicals, including dyes. 


NAVAL STORES 


Boston was the point for the storage, sale, and ship- 
ment of naval stores. Tar was made in the very first 
days, and the industry must have been established 
before 1662, because in this year John Winthrop, Jr., 
read a paper before the Royal Society on the manu- 
facture of tar in New England. The tar industry was 
developed along with the lumber and potash indus- 
tries. There is a note that tar was made at the earliest 
settlement in Portsmouth, N. H. (alluded to above); 
one man could make a barrel of tar in a week. Pitch 
was distilled from pine trees. Turpentine was made in 
Connecticut and shipped in 112-lb. casks via Hartford 
to Boston as early as 1708, where it was used locally 
and also exported to England. Tar, pitch, and tur- 
pentine, together with rosin, were used extensively in 
preparing and reconditioning the sailing vessels which 
entered and left the port of Boston in large numbers. 
Considerable tar was used in the manufacture of rope— 
an extensive industry in Boston. The manufacture of 
naval stores was stimulated by colonial needs as well 
as by certain acts of Parliament. 

Plants for making tar were crude and the work was 
largely done by self-taught workmen. Dead or aban- 
doned pine trees were used at first. When a better 
quality of tar was demanded, pine knots were used or 
the trees were partly girdled. Most of the tar, espe- 
cially during the first fifty years, was made by piling 
the wood or knots into a heap on a hard, slightly in- 
clined, clay floor, covering the whole loosely with turf 
or earth, and setting fire to the pile at the bottom. 
As the tar formed, it sank to the floor and flowed off 
through a wooden trough into a barrel sunk in the 
ground. 

In 1671 the General Court gave a company of Bos- 
ton merchants timber rights for making tar and sole 
right to make and sell pitch, rosin, and turpentine 
within the colony. The company was compelled to 
sell its products at reasonable prices and to pay a tax 
of 6 per cent. on all pitch and rosin manufactured. 


GUNPOWDER 


Gunpowder was needed by the colonists to kill game 
for food and to repel attacks of Indians. The first 
supplies were brought from England. The demand 
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increased as settlers pushed into the wilderness, and 
many attempts were made to manufacture it in Boston, 
the earliest ones being made in 1666 and 1672. The 
first successful attempt was in 1675 when William 
Everden (or Everenden) started a small plant in Dor- 
chester. Records state that this powder was as good 
and strong as the best English powder. Powder has 
three ingredients—charcoal, sulfur, and _ saltpeter, 
and the history of the manufacture of powder is really 
the history of the search for saltpeter. The charcoal 
was readily obtained by burning willow trees. The 
sulfur was largely imported, though some may have 
been extracted from the iron-sulfur ores so abundant in 
many localities, especially in the central part of Massa- 
chusetts. Records about this ingredient are scattered 
and meager, but there could not have been much diffi- 
culty in securing it. During the first half of the year 
1770, Boston, in anticipation of the conflict with Great 
Britain, imported nearly twenty tons of brimstone. 
After the Revolution, sulfur was admitted free of duty. 
Saltpeter was saved in every possible way and sought 
in every conceivable place from the days of John 
Winthrop, Jr., through the period of the Revolution. 

Gunpowder was made in much the same way as 
today, but not so carefully nor of such good material. 
It was stored in strategic places. Some of these pow- 
der mills and storehouses remain today or their loca- 
tion is marked in some conspicuous way, e. g., Powder 
House: Park in Somerville. 

As the Revolution approached, the demands for 
powder became imperative and in the first days the 
need was acute. In August, 1775, the whole supply 
of powder was only nine rounds per man in Washington’s 
army. Fortunately, some powder intended for the 
British army was captured during the next year. 
When it was evident that the supply of powder might 
become exhausted, Paul Revere, the resourceful pa- 
triot, was sent to Philadelphia to inspect the powder 
mill of Oswell Eve. Eve refused to show him draw- 
ings of the machinery, to give him any information, 
or to assist him in any way. He did, however, allow 
Revere to inspect the mill hurriedly. So keen were 
Revere’s powers of observation that he secured all the 
technical information necessary to start the manu- 
facture of gunpowder. Canton, Massachusetts, was 
selected as the most suitable place for the work because 
of the availability of a powder mill which had been used 
in former years. Revere himself had very little to do 
with the actual manufacture of the powder. His 
part was to reveal the process and to get the plant 
started. A large quantity of gunpowder of an ex- 
cellent quality was manufactured in this mill from 
1776 onward. 


SOAP AND CANDLES 


Soap was one of the first articles made by the colo- 
nists. They saved the ashes from their fires, leached 
out the potash and used the lye, first for washing and 
soon for making soap from the fat of the wild animals 
killed for food. Subsequently soap became an article 
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of barter. In 1633, 8'/2 Ib. of soap equaled */, lb. of 
beaver (skin). When the supply of potash increased 
coincidentally with the manufacture and export of 
lumber, soap was made on a large scale for the trade 
by individuals or companies, thereby replacing the 
householder and producing a better and more uniform 
product. The price, too, was lowered, being only 2s. 
6d. a barrel in Boston in 1707. The price of Castile 
soap, probably imported or made from imported oil, 
was 2s. a pound in 1740. Soap making became a large 
industry as the supply of fat increased beyond house- 
hold needs. Much soap was exported, e. g., in 1768 
over 3500 boxes were sent to the West Indies. 

Inasmuch as soap and candles were made from tallow 
or similar fats, soap making and candle making were 
usually combined and their manufacture was considered 
a highly reputable class of work. The early colonists 
used candles for lighting. The first candles were made 
from tallow, since this was the only fat available, in- 
deed the tallow candle continued to be made for about 
two hundred years. Candles were also made from 
spermaceti, and by the middle of the 18th century 
the spermaceti candle industry was well established. 
An example of the condition of the industry is the ac- 
tion of the General Court in 1750 in giving a ten-year 
patent to a maker of spermaceti candles, on condition 
that he teach at least five apprentices during that pe- 
riod, two of whom should be named by the Court. 

By 1768 the candle industry as a whole had developed 
to such an extent that 500,000 Ib. of candles (sper- 
maceti and tallow) were shipped annually to the West 
Indies and large quantities were sent to England. 

Soap and candle making was a household or indivi- 
dual industry for many years. One of the best known 
soap and candle makers in Boston was Josiah Franklin, 
father of the famous Benjamin Franklin. His shop 
was on the southeast corner of Hanover and Union 
Streets. Its sign was a blue ball suspended by an iron 
rod from the front of the shop. Before the streets 
were numbered and when the buildings were scattered, 
it was the custom among the inhabitants of Boston 
to designate their shops by some emblem. Hence the 
blue ball. 

The old house was quite sthall and had only two 
stories, though a third was added in later years. It 
was partially destroyed by fire in 1858, and in the same 
year the city took the building to widen Union Street. 
Two relics of it are, however, preserved. The blue 
ball is in the museum at the State House and a chair 
made from the original timber is in the possession of 
the Mechanics Charitable Association (of which Ben- 
jamin Franklin was the first president). 

The front room of the Franklin house was the living 
room, and the shop proper was in the rear. The shop 
was a small place for boiling soap, melting tallow, and 
making candles. We can sympathize with young 
Benjamin in his rebellion at cutting candlewicks, filling 
molds, and stirring soap in such restricted quarters, 
especially when it was more enjoyable to throw rubbish 
into the neighboring mill pond and to play on his way 
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through Hanover and Court Streets to the Latin School 
or to his brother’s printing office in Queen Street. 

The business of soap making was not very profitable, 
but doubtless Josias Franklin made as comfortable a 
living as many other tradesmen of his time in old Boston, 
particularly after the departure of his ungrateful and 
famous son, because about that time the supply of 
potash increased and records show that large quantities 
were used in Boston to make soap. 

Besides household and individual workers, there were 
more resourceful men who combined related industries. 
Robert Hewes was a typical example of this class. In 
1784 he operated a slaughter house in Boston and 
worked up his products in a salting house, a glue fac- 
tory, and a soap and candle plant. Such an extensive 
plant called for considerable chemical knowledge and 
technical skill. In addition he had a shop near by 
where he sold hard and soft soap, tallow candles, glue, 
neat’s-foot oil, watch lights, and hair powder. Josias 
Franklin and others could not compete with such an 
industrial chemist and general merchant as Hewes. 


GOLD, SILVER, COPPER, BRONZE, PEWTER 


The first colonists searched diligently for gold and 
silver. Some optimists were positive gold was abun- 
dant, but the specimens reported as gold proved to be 
iron pyrites, aptly called ‘‘fool’s gold.’”’ No silver was 
found. These two metals were obtained by melting 
worn English coins, Spanish coins, and bullion from 
various sources. The silver was minted into American 
coins and both gold and silver were made into vessels 
for use in churches, lodges, and well-to-do homes. 

Among the best and best-known craftsmen in metals 
was Paul Revere. His father came to Boston in 1715 
and began to work at once as a gold and silversmith. 
His son Paul when thirteen years old entered his father’s 
shop as an apprentice. Paul Revere had natural 
artistic ability, and designed and engraved many of 
the silver and gold pieces which are now the treasured 
possessions of Bostonians. Among the conspicuous 
pieces are the gold urn given to the Massachusetts 
Grand Lodge of Masons and used at the funeral of 
George Washington, silver vessels in the communion 
service of King’s Chapel in Boston, and a silver punch 
bowl called the ‘‘Rescinders Cup’? made to commemo- 
rate an important political event in the history of the 
American colonies. 

Paul Revere was also a craftsman in iron, bronze, 
and copper. In 1793, perhaps earlier, he established 
a foundry at 13 Lynn Street, Boston, where he made 
castings in both iron and bronze. His products in- 
cluded cannon, bells, stoves, kettles, anvils, and ham- 
mer heads. His letters contain records of the amount 
of iron he ordered for his foundry. His letters also 
reveal the interesting fact that he used Watson’s 
Chemistry to help him in his work. 

Among the first bells cast were those for the Second 
Church of Boston and King’s Chapel. In 1803, he 
wrote in a letter that he had cast sixty church bells. 
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Several Paul Revere bells are still ringing out the call 
to worship. 

The most important work in metals done by Paul 
Revere was with copper. During the years 1794-97 
Old Ironsides was being built in Boston, and Revere 
was given the contract for much of the brass and copper 
work. He made bolts, spikes, braces, cogs, pumps, 
etc., for this ship. The bolts and spikes were made of 
malleable copper by a process known only to Revere 
himself. So well done was his work that it is recorded 
“there are no persons in either Philadelphia or New 
York that can make copper so malleable as to hammer 
it hot.””’ In a letter written December 22, 1800, he 
states, ‘I have engaged to build me a mill for rolling 
copper into sheets which for me is a great undertaking, 
and will require every farthing which I can make or 
scrape. For the houses which I must necessarily 
build, I shall want fifteen thousand boards and about 
twenty-five casks of lime.’”’ The mill was built in 1801. 

The rollers used in the mill came from England be- 
cause there were none strong enough in this country. 
Since the establishment of this industry involved great 
expense, the United States Government loaned him 
$10,000 in the form of a bond, and the debt was promptly 
discharged by him at the time agreed. In 1802, the 
Revere Copper Company furnished the sheet copper 
for the dome of the State House. Six thousand feet 
of copper were required and the bill amounted to 
$4232. The Revere Company also furnished copper 
used by Robert Fulton for the boilers of his steamboat 
Raritan. The business rapidly increased and in 1803 
they had ready for delivery to the Government of the 
United States a large quantity of sheet copper for the 
covering of the bottoms of seventy-four gunboats. 

Much of the copper used by Paul Revere and other 
workers was imported, coming in as ballast from south- 
ern Europe. Some, however, came from the copper 
mines at Simsbury, Conn. About 1733 Jonathan 
Belcher, the royal governor, was engaged in many 
business enterprises. Among them was copper smelt- 
ing, and he erected a smelter in Boston for getting cop- 
per from Simsbury ores. His chief difficulty, however, 
was in getting clay for lining the smelter. He had to 
smuggle it in from England. 

The low cost of pewter, and the ease with which it 
could be made, melted, and worked, early led to its 
manufacture into useful and ornamental articles for 
the household. The extensive use of pewter is shown 
by an inventory of an early Boston brazier. Vessels 
of all sizes and shapes and in all stages of fabrication 
were ‘in stock.’”’ The list included candlesticks, 
spoons, dishes, basins, pails, tankards, milk cans, warm- 
ing pans, kettles, skillets, frying pans, cow bells, and 
parts of such articles as bellows, hooks, and ornaments. 
There were 2782 pewter dishes valued at over £235. 


PAINT 


The early settlers of Boston appear to have dis- 
couraged the use of paint, calling it ‘‘a useless luxury.” 
Even the churches were unpainted, the old wooden 
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church erected in 1699 in Brattle Square being a con- 
spicuous example. The site of this church is one of the 
numerous spots selected for marking by a tablet in con- 
nection with the tercentenary celebration of the found- 
ing of the Massachusetts Bay Colony. Painter’s 
colors were offered for sale in Boston in 1714; but paint 
was not generally used before the Revolution. 

For many years there has been a stone, called the 
Boston Stone, imbedded in the rear wall of a building 
which fronted on Hanover Street. The stone bore the 
date 1737, and was probably named from the famous 
London Stone, which served as a direction for the shops 
in its neighborhood, as did the Boston Stone in its vi- 
cinity. This stone is the relic of a paint mill which 
was brought from England by a painter about 1700, 
and was used as a paint mill by the painter who then 
occupied a little shop on the premises. It is stated by 
some authorities that his name was Tom Child, and 
Samuel Sewall is given as the authority. In his diary 
Sewall made this entry: ‘‘Nov. 10, 1706. This morn- 
ing Tom Child the Painter died.’’ The spherical stone 
which surmounted the larger stone was the grinder, 
and was lost for a time, but was discovered in digging 
the foundation for the building. The larger stone is 
only a fragment of the original, which was split into 
four pieces when placed in its present position. The 
capacity of the paint mill was nearly two barrels. 


WHALE OIL 


The whaling industry started in Massachusetts at an 
early date, and Boston was its center at first. Later, 
whale oil, bone, and spermaceti were sent to Boston 
from other places, notably New Bradford. The oil 
and spermaceti were used locally—the oil in lamps and 
the spermaceti for candles. The bone was exported. 
As the whaling industry grew, the products, including 
sperm oil, increased rapidly. It was exported in large 
quantities. By 1690 the whale oil industry was so 
well developed that a cargo from Boston for England 
included 748 barrels of oil. Among the goods the mas- 
ters of these oil vessels were ordered to bring back were 


399 


“allom, copperas, and window glass.’ Within the 
next century the industry developed enormously, re- 
sulting in an improvement of the products and exten- 
sive exports. In 1745 over 10,000 barrels of oil were 
sent to Boston. In 1768, which may be taken as a 
typical year, 220 tons of whale oil were exported to the 
West Indies and 4000 tons to England. 

The best qualities of whale oil were extensively used 
as an illuminant. The oil was also used by shoemakers 
and curriers. Some was made into soap. Many colo- 
nists, however, used candles almost exclusively—tallow 
dips for many years and also spermaceti molded 
candles when obtainable. Bayberry wax candles 
were early used on Cape Cod and for special occasions 
in Boston, e. g., parties and dinners. The lamps in 
which whale oil was burned were crude reproductions 
of ancient vessels and were not improved very much, 
despite the inventive efforts of Benjamin Franklin 
and others, till thin oil, improved wicks, and proper 
burners were generally available. 


FERTILIZER 


The fertilizer used by the colonists was fish. At 
first one or two fish were put into a hill of corn, as the 
Indians had done for years. Later, the fish, especially 
the “April run,’’ were ploughed into the soil. The 
General Court early prohibited the wholesale use of 
cod. Sea weed was spread on the fields in the fall and 
spring. Wood ashes, bones, lime, and animal excre- 
ment were also used, but artificial fertilizers, as we 
know them, were not available till a much later date 
than ‘‘old Boston.” 


CONCLUSION 


In this brief account of some features of chemistry 
in old Boston, much interesting material on chemical 
industries had to be omitted. It is hoped that an op- 
portunity will soon be afforded for the publication of 
articles covering minor industries and the effect of 
legislation on the development of chemistry in Old 
Boston. 





NEW MENDELEEFF STAMPS 


In honor of the centenary of the birth of 


Mendeleeff the U.S.S.R. is preparing a com- 
memorative series of four denominations of 


postage stamps. 


The series will consist of 5 and 


10 kopeck denominations in the portrait type 
and 15 and 20 kopeck denominations in the monument type. 
The actual stamps have not, at the time of writing, appeared in this 
country, but the photographs herewith reproduced have been forwarded by 
the Soviet Philatelic Association of Moscow with the announcement that the stamps are 


scheduled for issue toward the end of May. 


We are indebted to Mr. P. H. Thorp, of the Scott Stamp and Coin Co., for this 


announcement and for the photographs. 





An INTRODUCTION ¢o SENSITIZED 
PHOTOCHEMICAL REACTIONS 


ROBERT LIVINGSTON 


University of Minnesota, Minneapolis, Minnesota 


I. GENERAL PRINCIPLES 


HOTOCHEMISTRY in its practical aspects 
must have forced itself upon the consciousness 
of the earliest thinking men. Possibly the first 

photochemist was some Egyptian weaver, grateful to 
the sun for helping to bleach his crude fabric, dis- 
gruntled with the same sun for fading the colors of his 
carefully dyed materials. Strangely enough the first 
law of photochemistry was not formulated until 1817, 
when Grotthus stated that only light which is absorbed 
can produce a photochemical change. The earliest 
exact photochemical experiments, such as Draper’s 
work on the photochemical interaction of hydrogen 
and chlorine, were performed with reactants which 
absorb light directly. However, photochemical reac- 
tions may sometimes be induced by the addition of a 
light-absorbing substance to a ‘potentially reactive but 
transparent system. Such substances, which induce 
photochemical reactions without undergoing permanent 
chemical change themselves, are called photosensitizers. 

Photosensitizers play the same réle in photochemical 
reactions that catalysts (1) do in thermal reactions. 
The directness of this analogy becomes apparent when 
we realize that light, like matter, is made up of discrete 
particles, called photons or light quanta. It is en- 
tirely correct to write chemical equations involving 
photons as well as atoms and molecules, and to think of 
photons as constituting a special class of atoms.* 

A primary photochemical reaction is one which oc- 
curs between a photon and a molecule or atom. 


hy + A—> X (Primary reaction), 


where hy stands for a photon of frequency v, A for a 
molecule of the reactant (or photosensitizer), and X 
for the direct product (or products) of this interaction. 
In most photochemical reactions, the primary step is 
followed by one or more secondary steps. 


X+A-+B—>M +N (Secondary reactions), 


where A and B represent the reactants and M and N 
the stable products. As a simple example, let us con- 
sider the photochemical decomposition of hydrogen 
iodide, which may be summarized as follows: 


hy + HI —>H +1 (Primary reaction) 


* This statement and its subsequent applications amount to a 
tacit acceptance of the Einstein Photochemical Equivalence Law 
as applied to primary photochemical processes. For a presenta- 
tion of the law in its customary explicit form the reader should 
consult Ref. (2), pp. 21-6; Ref. (3), pp. 13-26; Ref. (4), pp. 
360-3; Ref. (5), pp. 1-10. 


H + HI—>H: +I 


\ (Secondary reactions) 


21 —> I; 


The sum of these three equations represents, in a purely 
formal way, the total or stoichiometric reaction. 


hv + 2HI = He + I: (Stoichiometric reaction) 


The last equation gives the information that when one 
photon is absorbed two molecules of hydrogen iodide 
are decomposed into their elements. It gives no in- 
formation as to how this happens; that information is 
summarized in the three preceding equations. 

The primary step in a photosensitized reaction may 
be written as: 


hv + S—»> P (Primary reaction) 


where S represents the sensitizer and P the primary 
product (or products). The product P undergoes a re- 
action (or sometimes initiates a series of reactions) 
resulting in the formation of the stable reaction products 
and the regeneration of the sensitizer. This reaction 
may be represented by the following equation: 


P+A+B—>M+N +S (Secondary reactions) 


The secondary reactions are thermal reactions; only 
the primary step is a true photochemical process. 

It should be remembered that, while a photosensitizer 
may be thought of as a catalyst for a photochemical 
reaction, 


hy +A+B—>M +N (Stoichiometric reaction), 


it is entirely incorrect to consider the photosensitizer, 
light, or the combination of the two, as a catalyst for 
the corresponding thermal reaction, , 


A+B—>M +N (Stoichiometric reaction). 


It should also be remembered that, although all photo- 
sensitizers absorb light, not all substances which absorb 
light are capable of acting as photosensitizers. The ac- 
tion of sensitizers is highly specific. The several types 
of photosensitization are discussed in the following 


pages. 

II. PHOTOSENSITIZATION BY MONATOMIC GASES* 
Mercury vapor, a monatomic gas, is one of the sim- 
plest of photosensitizers. A normal atom of mercury, 


such as is present in mercury vapor at ordinary tem- 
peratures, can absorb ultra-violet light of wave-length 


* See Ref. (5), pp. 200-3, and 259. Also Ref. (2), p. 37; Ref. 
(3), pp. 126-34; and Ref. (4), pp. 276-86 and 583-602. 
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2536.7A, which is known as the resonance radiation of 
mercury. When an atom absorbs a photon, it is raised 
to an excited state, that is, its energy content is in- 
creased by an amount hy. If the excited atom does 
not undergo a collision during the life of the excited 
state, about 10~® seconds, it will emit light (7. e, a 

- photon) of the wave-length absorbed. If it undergoes 
a collision the light energy may be degraded to heat or 
converted into chemical energy. This may be illus- 
trated by the following experiment. 

If a beam of ultra-violet radiation of 2536.7A is 
focused upon an evacuated quartz flask, all of the light 
(except that which is absorbed or reflected by the 
walls) will pass through the flask. If mercury vapor 
at a low pressure (for example, 0.1 millimeter) is 
introduced into the flask, a large number of the photons, 
which make up the light beam, will be absorbed and 
then be re-radiated in all directions. However, as 
long as the pressure is low the number of photons ap- 
pearing in the scattered light will be equal to the num- 
ber absorbed from the focused beam. If in addition 
to the mercury vapor the flask contains a chemically 
inert gas at a high pressure (for example, nitrogen at 
one atmosphere), a large percentage of the excited 
atoms will undergo collisions and some of these will 
distribute their energy with the colliding molecules; 
1. e., be deactivated. As a result, the intensity of the 
scattered light will be greatly diminished and an equiva- 
lent amount of energy will appear as heat, raising 
the temperature of the gas. If the deactivating gas 
instead of being nitrogen consists of atoms which have a 
lower excitation energy than mercury (for example, 
thallium vapor), part of the energy lost by the excited 
mercury atoms will appear as radiation characteristic 
of the deactivating atom. This phenomenon is known 
as sensitized fluorescence. 

This effect, the extinction of atomic fluorescence, is 
of particular importance to photochemistry when the 
deactivating gas is a chemically active diatomic or 
polyatomic substance. For example, if an excited mer- 
cury atom collides with a hydrogen molecule, part of 
the energy of excitation can be used to dissociate the 
molecule and the remainder of the energy will then 
appear as kinetic energy of the three atoms. 


Hg* + H. —> Hg + 2H (Primary reaction) 


If the total pressure of the gases present is reasonably 
high, the hydrogen atoms will make many collisions 
with the molecules present before they have an oppor- 
tunity to recombine (at the wall or in the presence 
of a third body) (6). If one of the gases present can 
react with hydrogen atoms, a photochemical reaction 
results. 

A mixture of hydrogen and oxygen does not react 
when it is illuminated with radiation of \2536.7A 
since it is transparent to such radiation. However, if 
a trace of mercury vapor is added to the mixture, a 
photosensitized reaction will take place. ‘The hydro- 
gen atoms which will be formed under these conditions, 
will react with oxygen molecules, and the stable 
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product of the action will be water. If ethylene is 
substituted for oxygen in the system, it will be partly 
reduced to ethane and partly polymerized. A num- 
ber of other mercury-sensitized reactions, including 
the decomposition of ammonia, of methyl alcohol, 
or of other organic vapors, have been reported. 

There is no a priori reason why other monatomic 
gases should not be as efficient sensitizers as mercury. 
However, for practical reasons the list of available 
substances is very limited. For convenience of experi- 
mentation the wave-length of the resonance radiation 
should be long enough so that the radiation is not too 
strongly absorbed by quartz or air. This restriction 
rules out most of the non-metals, though by the use of 
a special technic the dissociation of hydrogen has been 
photosensitized by xenon to radiation of 1469A (5). 
The use of metallic vapors, other than mercury, is 
greatly limited by the inconveniently high tempera- 
tures which would be necessary to produce an ap- 
preciable vapor pressure. However, cadmium vapor 
has been used to sensitize the reduction and polymeri- 
zation of ethylene to radiation of 3226A. 


III. PHOTOSENSITIZATION BY DI- AND POLYATOMIC 
GASES* 


The absorption spectra of di- and polyatomic gases 
consist of broad bands or even regions of continuous 
absorption, some of which are frequently located in 
the near ultra-violet or even the visible. As a result, 
such gases are relatively very efficient in their utiliza- 
tion of the radiant energy from such convenient 
sources as sunlight, carbon arcs, incandescent fila- 
ments in quartz or glass, etc. 

The primary process for a molecular photosensitizer 
may involve either the formation of an excited mole- 
cule, 

hv + AB —> AB* (Primary reaction), 
or the dissociation of the molecule into atoms or radi- 
cals, 
hv + AB —>A + B (Primary reaction). 
Action of the latter type is of particular importance to 
photochemistry. 

Chlorine is not only a typical diatomic photosensi- 
tizer but is by far the most important member of this 
group. Its absorption spectrum shows two distinct 
regions. For wave-lengths longer than 4785A, there 
is a fine-structured band with a convergence limit at 
4785A; for shorter wave-lengths in the visible and 
near ultra-violet, the absorption is continuous. This 
continuous, or non-quantized absorption corresponds to 
the instantaneous dissociation of the molecule into a 
normal and an excited atom. This is the primary step 
for chlorine-sensitized photochemical reactions, 


hv + Cle —> Cl + Cl* (Primary process). 


Two chlorine-sensitized reactions are the oxidation of 
carbon monoxide and the formation of water from its 





* Ref. (4), pp. 620-1, 600-3; Ref. (2), p. 39; Ref. (3), pp. 
134-40; Ref. (5), pp. 256 and 262. 
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elements. The kinetics of both of these reactions are 
complicated by the presence of side reactions; the 
formation of phosgene in the first case, and of hydrogen 
chloride in the second. They have been the subject 
of many careful investigations, and their mechanisms, 
while too complex to be discussed here, are reasonably 
well established. A number of other chlorine-sensi- 
tized reactions are known, among which may be men- 
tioned the decomposition of ozone and of chlorine 
monoxide. An example of the remarkable specificity 
of photosensitization is the complete inability of 
bromine to sensitize the oxidation of carbon monoxide. 
Nitrogen dioxide is an interesting molecular photo- 
sensitizer of a slightly different type. Its absorption 
spectrum resembles that of chlorine in that the ab- 
sorption extends throughout the visible and into the 
ultra-violet, and is divided into distinct regions, but 
unlike chlorine it does not show a region of continuous 
absorption. For wave-lengths longer than 3700A 
the absorption spectrum consists of bands exhibiting 
the usual fine structure, and the chemical equation 
corresponding to absorption in this region is: 


hv + NO. —> NO,* (Primary reaction) 


For wave-lengths shorter than 3700A the bands are 
‘diffuse’; that is, they exhibit no fine structure. This 
absence of (rotational) fine structure has been inter- 
preted as evidence that when a photon of wave-length 
less than 3700A is absorbed an excited molecule is 
formed, in which the energy is distributed between 
various degrees of freedom including electronic ex- 
citation. Within avery short time (about 10-%° 
seconds) the electron drops to a lower state, thereby 
increasing the energy of vibration of the molecule 
above its limit of stability, and the molecule dissociates. 
This phenomenon is known as predissociation. The 
process may be represented by the equation: 


hv + NO. —> NO + O (Primary reaction). 


This is the primary step for all reactions photosensitized 

When a flask containing nitrogen dioxide (which is 
of course in equilibrium with nitrogen tetroxide) is 
irradiated by a focused beam of near ultra-violet light, 
the pressure of the gas increases because of the forma- 
tion of nitric oxide and oxygen. However, this in- 
crease in pressure soon reaches a constant (steady state) 
value, which is much less than the increase that would 
result if all the nitrogen dioxide were converted into a 
mixture of nitric oxide and oxygen. The change in 
pressure increases as the intensity of the absorbed 
light increases. These facts are fully explained by the 
following sequence of reaction steps. 


hy + NO.—> NO + O (Primary reaction) 
O + NO, —> NO + O2 


\ (Secondary reactions) 


2NO + O. —> 2NO, 


The concentration of the oxygen atoms at the photo- 
chemical steady state is always small because of the 
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specific reaction rate of their interaction with nitrogen 
dioxide molecules. If a suitable reactant is present the 
steady state is not attained, and a new series of second- 
ary reactions is induced. Either nitric oxide or oxygen 
atoms may induce thermal reactions. 

In the decomposition of nitrogen pentoxide photo- 
sensitized by nitrogen dioxide, nitric oxide is the active 
agent. The reaction steps involved in the process 
are: 


hv + NO.—> NO + O (Primary reaction) 
NO + N20; —> 3NO, 
O + NO.—> NO + O2 
2NO + O. —> 2NO, 


(Secondary reactions) 


If we add the last equation to twice the sum of the first 
three and divide the resultant by two, the equation 
obtained, 


hv + N20; = 2NO2 + 1/202 (Stoichiometric reaction), 


represents the stoichiometric reaction. It should be 
remembered that this (stoichiometric) reaction does 
not take place in the absence of the sensitizer, nitrogen 
peroxide. Since the photosensitizer is one of the 
stable products of the reaction, this process is analogous 
to the autocatalysis of a thermal reaction; it might be 
called autosensitization. The mechanism of this reac- 
tion also illustrates the fact that in a true case of photo- 
sensitization the sensitizer is not used up, but is con- 
tinuously reformed, in analogy with the regeneration 
of the catalyst in a homogeneous catalytic reaction. 

Nitrogen dioxide also acts as a photosensitizer for 
the formation of water from its elements (7), but in this 
case oxygen atoms are the active agents. For this 
reaction, the action of the photosensitizer is relatively 
inefficient, since the reaction of oxygen atoms with 
hydrogen molecules, 


O + H: —> H.0 (Secondary reaction), 


occurs much less readily than the corresponding reac- 
tion with nitrogen dioxide, 


O + NO. —> NO + Oz; (Secondary reaction). 


There can be no doubt that a large number of oxidation 
reactions could be photosensitized by nitrogen per- 
oxide, and it is to be anticipated that when the sub- 
stance to be oxidized (the acceptor) is a complex mole- 
cule that the process would be much more efficient. * 

Unfortunately, photosensitized reactions of this type 
have not received the attention they merit. Any other 
molecule which splits off an oxygen atom in a photo- 
chemical primary process should be capable of acting 
as a photosensitizer for oxidation reactions. 

At temperatures above 300°C. ammonia acts as 
photosensitizer for the formation of water from its 
elements. As in the case of nitrogen dioxide, the pri- 
mary act is a predissociation process, which in this case 
yields a hydrogen atom. 


* Compare Ref. (6), pp. 38-47 and Ref. (5), pp. 216-9. 
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hy + NH; —> NH;* —> NH: + H (Primary reaction) 


Light of wave-length between 2200A and 1865A is re- 
quired. This reaction is unlike the cases we have dis- 
cussed in that no steady state is set up. On prolonged 
irradiation the ammonia is completely decomposed into 
nitrogen and hydrogen. Both nitrogen and hydrogen 
are transparent to the light used in these experiments. 
If only one molecule of water was formed for each 
photon: absorbed, ammonia would scarcely be con- 
sidered as a photosensitizer for this reaction, since this 
would result in the decomposition of an ammonia mole- 
cule for each water molecule formed. However, under 
the experimental conditions the formation of water 
is a chain reaction.* That is, the reaction of an oxygen 
molecule and a hydrogen atom sets up a series or chain 
of secondary reactions resulting in the formation of a 
large number of water molecules. The number of 
water molecules formed in a chain depends upon the 
pressure and temperature of the system. Under proper 
conditions it is even possible to explode a mixture of 
hydrogen and oxygen containing a little ammonia by 
exposing it to an intense source of ultra-violet light. 
Several other reactions of this type have been studied 
and it has been pointed out that other substances, such 
as hydrogen sulfide, should be expected to act like 
ammonia. It should be noted that reactions photo- 
sensitized by ammonia are not typical cases of photo- 
sensitization and are not in direct analogy to catalyzed 
homogeneous thermal reactions. They bear about the 
same relation to a simple case of photosensitization 
that an induced reaction (with a large induction factor) 
does to a simple case of homogeneous catalysis. It 
would be quite consistent to call them photo-induced 
reactions, or to say that the oxidation of hydrogen is 
induced by the photochemical decomposition of am- 
monia. 


IV. PHOTOSENSITIZATION IN CONDENSED SYSTEMST 


The phenomenon of photosensitization is by no 
means confined to gaseous systems. A number of 
photosensitized reactions occurring in aqueous or non- 
aqueous solutions have been studied. The decom- 
position of oxalic acid sensitized by uranyl ion, UO.**, 
is a typical example of a sensitized reaction occurring 
in aqueous solution. The action of this ion in a dilute 
aqueous solution resembles in many ways the action of 
mercury vapor. This analogy may be illustrated by 
considering a series of experiments corresponding to 
those described in Section II. If a narrow beam of 
light is focused upon a dilute solution of uranyl sulfate a 
number of the photons making up the light beam are 
absorbed by the uranyl ions. Some of these photons 
are degraded to heat, but many are re-radiated as 
fluorescent light (though not necessarily at the same 
wave-length). If certain salts, such as potassium 
iodide, sodium bromide, etc., are added to the solution 

‘ 

* See Ref. (2), pp. 40-5; Ref. (6), pp. 118-20. 

+ See Ref. (4), pp. 605-20; also Ref. (2), pp. 38-9; Ref. (3), 
pp. 140-52; Ref. (5), pp. 205-9. 
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the intensity of the fluorescent light is greatly di- 
minished. If, instead of these salts, oxalic acid is 
added, the fluorescence is diminished and some of the 
oxalic acid is decomposed. If the concentration of the 
oxalic acid is much greater than that of the uranyl 
ion, the fluorescence is completely quenched and the 
ratio of the number of molecules of oxalic acid de- 
composed to the number of photons absorbed becomes 
unity. This process may be represented by the 
following stoichiometric equation: 


The action of potassium bromide and of oxalic acid 
on the activated uranyl ion may be compared to the 
action of nitrogen and hydrogen, respectively, on the 
resonated mercury atom. 

Under certain conditions ferric salts are also capable 
of acting as sensitizing agents. However, the mech- 
anism of their action does not follow the simple energy 
exchange process, which seems sufficient to explain 
reactions sensitized by uranyl ion, but appears to in- 
volve alternate reduction of ferric and oxidation of 
ferrous ions. The reactions sensitized by ferric ion 
which have been studied appear to be complicated by 
complex-ion formation, hydrolysis, and general salt 
effects. 

The sensitizing action of the halogens for reactions 
occurring in solution seems to be analogous to their 
action in the gas phase. Their primary behavior may 
be represented as: 


hv + X_—> 2X (Primary reaction) 


An example of such a process is the oxidation of hy- 
driodic acid to iodine by dissolved oxygen. This reac- 
tion occurs slowly in the dark, but after some iodine has 
been formed it is greatly accelerated by visible light. 
The light is absorbed by the iodine which is dissociated 
into atoms. The iodine atoms set up a cycle of second- 
ary reactions which result in the oxidation of hydriodic 
acid and the regeneration of iodine molecules. The 
exact nature of these thermal steps is still somewhat in 
doubt. This reaction, like the photosensitized decom- 
position of nitrogen pentoxide, is an example of auto- 
sensitization. 5 

An interesting example of a bromo-sensitized reaction 
occurring in an organic medium (carbon tetrachloride 
solution) is the isomerization of the diethyl ester of 
maleicacid. The primary step is: 


hy + Br —> 2Br (Primary reaction) 
The bromine atoms add to the ester molecules breaking 


the double bonds, and forming molecules of an unstable 
intermediate. 


| 
H—C—COOEt 
+ Br—~> | (Secondary reaction) 
i sre 


il a 
H—C—COOEt 
Br 


The breaking of the double bond permits free rotation 
of the groups about the central carbon-to-carbon bond. 
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There is a certain probability that the bromine atom 
will be eliminated (or removed) when the groups are in 
their trans position, permitting the double bond to 
reform and stabilize the fumaric ester. 


| 
H—C—COOEt 


| 
H—C—COOEt 
meee tne 


| —> 
H—C—COOEt 


| 
Br Br 


HC—COOEt 
+ Br 
(Secondary reaction) 


EtOOC—CH 
It should be noted that these steps result in the elimina- 
tion of the bromine atom which is then free to add to 
another ethyl maleate molecule and so induce further 
racemization. This theoretical conclusion is supported 
by the experimental observation that about 300 mole- 
cules are racemized for each photon absorbed. If it 
were not for the known occurrence of side reactions 
and the direct recombination of Br atoms it would be 
expected that the number of molecules reacting per 
photon would approach infinity. 

In addition to these simpler inorganic substances 
certain complex organic compounds, notably dyes, are 
capable of photosensitizing chemical reactions. It is 
commonly stated that only those dyes which are 
fluorescent can act as photosensitizers. However, 
as in the case of uranyl ion, photosensitization does not 
depend upon the occurrence of fluorescence, although 
the two phenomena seem to be complementary func- 
tions. When a molecule of non-fluorescent dye absorbs 
a photon it degrades the energy to heat. When a mole- 
cule of a fluorescent dye absorbs a proton, the molecule 
is raised to an activated state. If, in the brief time 
while it retains this energy, it collides with a chemically 
reactive molecule, it may give up all or part of its 
excess energy to the second molecule, and so induce a 
chemical reaction. If no such collision occurs it may 
either transmit the energy to the solvent as heat, or 
radiate it as a photon of fluorescent light. In other 
words, photosensitization and fluorescence may be 
thought of as two independent phenomena competing 
for the same quantum. 

A sensitized reaction of this type, which is at least 
superficially simple, is the oxidation, in acetone, of 
allyl thiocarbamide by dissolved oxygen, the sensitizer 
being ethylchloroaphyllid. When the concentration 
of the acceptor (allyl thiocarbamide) is very much 
greater than the concentration of the dye, one molecule 
of oxygen disappears for each photon absorbed; but 
when the relative concentration of the acceptor is small 
the number of photons absorbed is much greater than 
the number of oxygen molecules reduced. This was to 
be expected, since under the latter conditions there is a 
much greater opportunity for the activated dye mole- 
cule to lose its energy before it collides with a molecule 
of the acceptor. 

It must be admitted that the intimate or detailed 
mechanism of photosensitization by dyes is not defi- 
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nitely understood. It is by no means impossible that 
the reduced form of the dye plays a part in the process, 
by some mechanism roughly analogous to the nitrogen 
dioxide-sensitized oxidation reactions. 


V. PHOTOSENSITIZED REACTIONS IN HETEROGENEOUS 


SYSTEMS* 


A number of photosensitized reactions occurring 
in heterogeneous systems have been studied. The 
kinetics of these reactions are very complex, since the 
usual series of photochemical and thermal reactions can 
be accompanied by adsorption, contact catalysis, and 
diffusion phenomena. One of the best known ex- 
amples of this type is the sensitization of photographic 
emulsions (8). While undoubtedly a vast amount of 
study has been devoted to this subject, the greater part 
of it has been made from a purely practical viewpoint, 
and no satisfactory general theory of the action has 
been suggested. Further work on the sensitization of 
homogeneous reactions by dyestuffs may be valuable 
in interpreting the mechanism of photographic sensiti- 
zation. 

Solid zinc oxide has been reported as acting as a 
photosensitizer for a number of widely different reac- 
tions occurring in both gaseous and liquid systems. 
The mechanism of this effect is still entirely mysterious. 
There is some possibility that this action may be due 
to the presence of an impurity, such as zinc nitrate or 
some partial decomposition product of it (9). 

Photosynthesis is the process by which green plants 
synthesize carbohydrates from carbon dioxide and 
water; it is sensitized by the dyestuff chlorophyll (10). 
The complete reaction apparently involves an elaborate 
series of reaction steps, including heterogeneous reac- 
tions and diffusion processes. It is an endothermic re- 
action, and results in the storing of solar energy in the 
form of chemical energy. This in turn supplies the 
energy for practically all vital processes. It is unique 
among photosensitized reactions in that several (prob- 
ably four) photons are absorbed (and utilized) in the 
reduction of each molecule of reactant (carbon dioxide). 
It is commonly believed that the first product of 
the reduction of carbon dioxide is formaldehyde, 
which is then elaborated to starch or some other carbo- 
hydrate. This stoichiometric process may be repre- 
sented by the equation: 


CO, + H.O + 4(?)ky = HCHO + O, (Stoichiometric reaction) 


In spite of the large amount of information about photo- 
synthetic processes which has been obtained, its inti- 
mate mechanism is quite unknown. This is not sur- 
prising when the enormous complexity of the system 
and the difficulty of obtaining reproducible measure- 
ments on a vital system are remembered. 


VI. SUMMARY 


In the foregoing discussion no attempt has been 
made to present either the historical development, or a 


*See Ref. (3), pp. 152-60; also Ref. (2), p. 39; Ref. (4), 
pp. 620-5; Ref. (5), pp. 278-80. 





Jury, 1934 


complete outline of the subject. Furthermore, such 
closely related subjects as chemiluminescence* and the 
sensitization of ionic reactions by chemically inert 
gases (11) have not been included. Weigert’s “‘sensiti- 
zation of the second kind” has not been mentioned 
(12). Several of the older theories of photosensitiza- 
tion have been intentionally omitted since they are not 


*See Ref. (4), pp. 318-54; Ref. (3), pp. 161-5. 
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in agreement with our present knowledge of physics. 
Reactions which seemed best adapted to illustrate the 
general principles have been described in some detail, 
while others, perhaps equally important, have been 
either briefly mentioned or else omitted entirely. 
However, if this introduction has served to acquaint 
the reader with the scope and fascination of the sub- 
ject, it has accomplished the only purpose for which it 
was intended. 
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SIMPLE BOILING-POINT CORRECTION 
CREIG S. HOYT 
Grove City College, Grove City, Pennsylvania 


VERY student of organic chemistry, whose mis- 
fortune it has been to work at altitudes consider- 
ably higher than sea level, has encountered the 

direction to preserve ‘‘the fraction distilling between 78 
and 79°,”’ to find to his dismay that the whole prepara- 
tion distilled below that temperature range. Even 
when the student realizes the reason for the discrepancy, 
he seldom possesses the ability to apply the necessary 
correction at this stage of his development. Exact 
equations for the purpose are involved and not infre- 
quently vapor pressure data for a particular substance 
are lacking. 

A simple equation for the purpose may be derived. 
While it contains a number of approximations, which 
render it somewhat inaccurate, it is sufficiently exact for 
the purpose and its simplicity renders it particularly 
useful. 

The Clausius-Clapeyron equation in the differential 
form may be employed over a short range of tempera- 
ture without serious error. 

aP _ ML.P 

dT RT? 
Here M is the molecular weight, L, is the latent heat of 
vaporization, P the vapor pressure, and 7 the absolute 
boiling point. 

Assuming from Trouton’s rule, that for normal liquids 


ML, _ 5, 4P _ 10.5 X P 
Pre T 


and assuming P to be approximately 760 in all cases, 


aT yi T 
dP ~ 7980’ * 8000 

The correction to be applied to the boiling point for 
each mm. of deviation of the barometer from 760 mm. 
is, therefore, equal to the absolute boiling point divided 
by 8000 for all normal liquids. 

There are numerous exceptions to this equation in 
the case of polar liquids such as water, the lower alco- 
hols, ketones, and acids. But the correction is made 
here by changing the value of ML,/T to correspond to the 
experimental data on these substances. For water and 
the lower alcohols this averages 25.8, which makes the 
equation 


, approximately. 


yy 
dT = 10,000 dP 
As the polarity decreases, the constant in the denomi- 
nator decreases to the limiting value of 8000, the value 
for normal liquids. 

The following constants were computed from the 
values of Trouton’s ratio as given in the International 
Critical Tables for liquids of various classes. The 
variation in the case of acids is too wide to permit of a 
single value. 

Esters 
Ketones 


Amines 
Alcohols 


8000 
8000 
8000 
8000 


Hydrocarbons 
Halogen derivatives 
Ethers 

Aldehydes 























A PRIVATE LABORATORY jor 
CHEMICAL RESEARCH 


J. BURN HELME* 


The Pennsylvania State College, State College, Pennsylvania 


HE private laboratories for chemical research here 

illustrated are examples of the application of new 

concepts of realism and collaboration to the 
teaching of architectural design. This has postulated 
contact with contemporary problems and with experts 
in the different fields in which such problems lie. Asa 
result of the application of these concepts for a period 
of three years, the subject of architectural design at The 
Pennsylvania State College has been humanized in a 
unique fashion and made more vivid for the student 
there. At the same time the student has been made 
more conscious of the cultural values inherent in science 
itself. That this should be the constant aim of teach- 


* Associate Professor of Architecture. 


ing is a truism. Reasons for delay in the consumma- 
tion of this logic in the realm of architectural teaching 
are not so obvious. 

Emphasis has always been laid on plan in architec- 
tural design, but for decades the traditional program 
to be solved by the student has been dry and stereo- 
typed—a museum, a theater, or a town hall. The 
romantic idea that only certain types of building lend 
themselves to architectural consideration and treat- 
ment, or constitute fit subjects for esthetic handling, 
long held sway. Academic design refused to consider 
the factory and warehouse, the service station, and the 
low-cost house as worthy of concern. They were 
relegated to engineers and contractors who often did a 
good job of layout for use, but who had no particular 
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interest in beauty. Only recently have 
the schools been willing to face the 
totality of modern life and to observe 
social requirements as technical and 
esthetic problems. In addition there 
has been a re-birth of the fundamental 
comprehension of architecture as en- 
closed space, projected from a logical 
plan, rather than as a series of facades 
hiding and sometimes warping the in- 
terior arrangement of a porous mass. 

Contemporary problems go far beyond 
architecture into industry, economics, 
sociology, and politics. Inthe end many 
experts must have a hand in solving 
them. But it is the peculiar province 
of the architect, with his esthetic train- 
ing and his capacity to observe, study, 
and visualize, to coérdinate the work of 
these experts and to imagine new solu- 
tions for old problems and fitting in- 
tegrations for the new ones. 

This laboratory. problem, the pro- 
gram of which is printed below, was 
solved by a group of second-year stu- 
dents in architectural engineering. The 
subject matter of the program had a 
natural appeal for such a group, which 
encouraged them in their search, over 
a period of five weeks, for a solution. 
The program was compiled with the 
advice and collaboration of Dr. N. W. 
Taylor of the College Department of 
Ceramics. Professor G. C. Chandlee 
of the School of Chemistry and Physics 
was the mentor of the class as it made 
a study of laboratory layout and chemi- 
cal equipment in the Pond Laboratory 
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of the College. Thus the boys were able 
to handle and measure the equipment 
for which they were providing space and 
to secure a tactile as well as a visual sense of relative 
space values. 

At the end of three weeks a half-scale study of each 
solution was turned in and criticized by Dr. Chandlee. 
At this time, with rare discernment, Professor Chandlee 
gave a cogent review of the needs of the problem from 
the viewpoint of one engaged in research. After 
further study in the light of this critique, the problem, 
at final scale, was submitted for judgment. A skilled 
jury of award premiated five of the solutions, four of 
which are here reproduced. 


PROGRAM FOR A PRIVATE LABORATORY FOR CHEMICAL 
RESEARCH 


The remarkable developments in engineering and 
technology which have followed the application of 
scientific studies have aroused, as never before, interest 
on the part of wealthy men in the fascinating possi- 
bilities of chemical research. In England, science as a 


hobby of the wealthy has long been typical; as ‘exam- 
ples the laboratories of Henry Cavendish and _, ‘Lord 
Rayleigh may be cited. ’ 

Benjamin Franklin and Joseph Priestley were early 
exponents of a similar enthusiasm in this country. 
More recently, the Loomis Laboratory at Tuxedo Park, 
New York, well known for its work on electrical 
problems, and the museum collection of minerals and 
accessory laboratory of John Roebling are already 
classic examples of this sort of thing. As a further 
testimony to the interest in science, amateur astronomi- 
cal observatories with accessory shop, photographic 
laboratory, and library are becoming more common. 

In this instance a well-to-do amateur proposes to 
build on the grounds of his suburban estate a small 
chemical research laboratory, to be used by himself and 
two assistants. 

The requirements, with approximate areas, are: 


1. A vestibule. 
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A small work-shop—100 sq. ft. 

Two offices, for owner and one 

assistant—300 sq. ft. 

A combined library and small mu- 

seum. 

Part-time secretary’s office—100 

sq. ft. 

Stock room (one assistant, with 

drafting table, will have quarters 

here)—120 sq. ft. 

Photographic dark room and bal- 

ance room (remote from stock and 

“stink” room) each 60 sq. ft. 
10. Cloak room, closets, cupboards, 

toilets, etc. 


Orientation of the laboratory rooms 
and offices preferably should be north 
and east. 

It is obvious that the business of 
ventilating such a building as this is 
extremely important. In the basement 
there shall be a small power plant, in- 
cluding exhaust fan. If the heat is not 
brought in from the main house the 
heating plant for the laboratory shall 
also be here. 

In the basement, too, there should be 
a general stock room serviced from the 
outside. The two stockrooms should 
be connected by lift or circular stair- 
way. 

Laboratory desks should be provided 
with gas, water, and electrical (D.c. and 
A. PRIVATE x | A.C.) connections, and compressed air 

; lines. There should be non-corroding 
HIEMICAL. LABORATORY - stoneware or lead pipes for sinks and 
: , _ | ~+conduits. Storage batteries and corro- 
sive chemicals will be stored in the 
“stink’’ room, which should have an 
individual ventilating unit. 
A main laboratory—600 sq. ft. Required for the Final Drawings. Main-floor Plan, 
A fireproof “‘stink’’? room with small furnace. Section and Elevation at the scale of */i. of an inch 
(Assay work will be carried on here.)—120 to equals one foot, and an isometric drawing to be pro- 
150 sq. ft. jected from the Plan at '/,” scale. 









































THE EQUATION OF STATE OF A PERFECT GAS. CORRECTION 


In the article on ‘“The Equation of State of a Perfect Gas’ by Roseman and Katzoff in the June, 1934, number 
of the JOURNAL, a typographical error occurs on page 353, second column, line 17: 


“Ve 5 when 7 and P both vary.” 


should read: 


a e when T and P both vary.” 





GROWTH of SALT 


FLOWERS on 


COAL and OTHER SOLIDS" 


EARL C. H. DAVIES 


West Virginia University, Morgantown, West Virginia 


Salt flowers have also been called coal flowers and 
depression flowers. To grow them people have used 
pieces of coal in a wide dish, along with equal volumes of 
solid table salt, water, liquid bluing, and household 
ammonia. For coloring effects mercurochrome and other 
colored solutions were sometimes used. 

Our experiments have led into observations on the 


remarkable effects of impurities on the forms of crystals of 
sodium chloride. Such profound effects are of importance 
to geologists and to analytical chemists. Reasons for 
growth have been found, and it now becomes possible to 
grow salt flowers on coal, using only sodium chloride 
(table salt) and either potassium ferrocyanide or sodium 
ferrocyanide. 


++ oe oor 


IGURE 1 shows a salt flower grown in a five-inch 
| pee dish. The hollow, blossoming stalac- 
tites are attached to the alberene shelf upon which 
the dish rested. The dish was kept about one-half full 
of saturated sodium chloride solution for two or three 
weeks until a good salt crust had formed over the dish, 


Ficure 1.—A SALT FLOWER WITH HOLLOW BLOossom- 
ING STALACTITES 


brick, along the shelf, and as hollow stalactites hanging 
from the shelf. The saturated salt solution crept 
between this salt crust skin and the solid surfaces, 
siphoning over the top of the dish, flowing through the 
hollow stalactites, and slowly dripping from the tip of 
each stalactite. With taller containers or with the 
solution at a lower level the latter will not siphon over 
the edge so rapidly and the stalactites will not be 
formed. 

Figures 2 and 3 are photomicrographs of some of the 
blossoms of such a salt flower. 

* Presented before the Division of Colloid Chemistry at the 
rer meeting of the American Chemical Society, September 


} Contribution No. 96 of the Department of Industrial Sciences of 
West Virginia University. 


EXPERIMENTAL 


Experiments were carried out with the following 
objectives: 

1. Determination of the Composition of the Com- 
mercial Liquid Bluing Used for Salt Flowers.—A sample 
of satisfactory commercial liquid bluing tested in this 
laboratory was found to be essentially ferric ferro- 
cyanide (commonly known as Prussian blue, or royal 
blue). Treated with ammonium hydroxide it gave 2 


— 


FIGURE 2.—MAGNIFIED SALT FLOWER BLOSSOMS AS 
SEEN BY TRANSMITTED LIGHT 


precipitate of ferric hydroxide and a solution of am- 
monium ferrocyanide according to the equation: 


Fe,(Fe(CN)s)s + 12NH,;OH = 4Fe(OH); + 3(NHi)sFe(CN)s 


2. Ingredient Responsible for the Blossoming of a 
Sodium Chloride Crust.—Since it was found that the 
liquid bluing contained Prussian blue and that am- 
monium ferrocyanide results from the reaction between 
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FIGURE 3.—MAGNIFIED SALT FLOWER BLOSSOMS AS 
SEEN BY REFLECTED LIGHT 


Prussian blue and ammonium hydroxide, it appeared 
likely that ammonium ferrocyanide might be the com- 
ponent responsible for blossoming of the sodium chlo- 
ride crust. This was borne out by the following experi- 
ments. Saturated sodium chloride solution alone gave 
simply a salt crust on an assortment of solid objects 
such as: glass, brick, pottery, coal, cinder, and wood. 
No blossoms were formed when these crusts were 
treated with any one of the following salts dissolved in 
saturated sodium chloride solution: ammonium hy- 
droxide, ferric chloride, potassium cyanide, sodium 
cyanide, or Prussian blue (coagulates with the sodium 
chloride). However, excellent blossoms were obtained 
by treating the salt crust with any one of the following 


FicuRE 4.—Cusic Soprum CHLORIDE CRYSTALS FROM 
DROPLET OF PURE SOLUTION 


‘chloride crystals resembled airplanes. 
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salts dissolved to saturation in saturated sodium 
chloride solution: ammonium ferrocyanide, potassium 
ferrocyanide, and sodium ferrocyanide. 

3. Study of the Physical Properties of Sodium Chlo- 
ride, Potassium Ferrocyanide, and Mixtures of These.— 
In order to get a satisfactory idea of why the ferro- 
cyanides produced blossoms of sodium chloride the 
following sets of experiments were carried out. 

First, Influence of Impurities on Sodium Chloride 
Crystals—It is well known that whereas sodium 
chloride ordinarily crystallizes in cubes (Figure 4), it 


FicureE 5.—OcTAGONAL CRYSTAL OF SODIUM CHLO- 
RIDE FORMED IN THE PRESENCE OF AMMONIUM Hy- 
DROXIDE 


FIGURE 6.—AIRPLANE-SHAPED CRYSTALS OF SODIUM 
CHLORIDE FORMED IN THE PRESENCE OF DIALYZED 
CHROMIC HypDROXIDE SOL 


crystallizes in octahedra from alkaline solution (Figure 
5) or in the presence of urea. One of the most striking 
modifications was obtained (Figure 6) when the sodium 
chloride crystals were formed in the presence of some 
dialyzed chromic hydroxide sol. Here the sodium 
Crystallized in 
the presence of a little iron ammonium citrate droplets 
of sodium chloride solution gave similar airplane-shaped 
crystals. With K,Fe(CN).:3H.20, the sodium chloride 
persisted in giving the blossoms (Figure 7). Sodium 
chloride with the ammonium hydroxide present gave 
octahedra (Figure 5), especially after about one week. 
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FIGURE 7.—PHOTOMICROGRAPH OF SALT BLOSSOMS 
OBTAINED FROM A DROPLET OF SODIUM CHLORIDE 
SOLUTION CONTAINING SOME POTASSIUM FERROCYANIDE 


Alum modified the sodium chloride into hopper- 
shaped crystals, while for the saturated sodium chloride 
solution with 3% NazCO;:10H,O, the outside, circular 
“walls” left by the evaporating drops were thicker than 
for pure sodium chloride. 

Figure 8 shows the fine deposit obtained by the 
evaporation of a droplet of pure potassium ferrocyanide 
solution. Figure 9 contains four sections from a motion 
picture taken of an evaporating droplet of a sodium 
chloride solution which contained some potassium 
ferrocyanide. The growth of the blossoms can be 
plainly seen. 


‘ 


FIGURE 8.—PHOTOMICROGRAPH OF DEPOSIT OBTAINED 
FROM EVAPORATION OF A DROPLET OF POTASSIUM FERRO- 
CYANIDE SOLUTION 


41] 


Second, Surface Tensions —Measurements were made 
of surface tensions of pure, saturated sodium chloride 
and for such solutions which also contained increasing 
amounts of pure potassium ferrocyanide. It was found 
that at 25°C. sodium chloride raises the surface tension 
of water by 11 dynes, while potassium ferrocyanide only 
slightly modifies the surface tension of the saturated 
sodium chloride, in no case by more than 2 dynes. 

Third, pH Determinations—These were made at 25° 
with pure, saturated sodium chloride and with such 
solutions which also contained increasing amounts of 
pure potassium ferrocyanide, or sodium ferrocyanide. 
Results showed that at 25° pure saturated, sodium 
chloride solution has a pH of 8.0, and that there is some 
decrease of pH when the sodium chloride solution has 
contained sodium or potassium ferrocyanide for several 
weeks. 

4. Creeping of Saturated Solutions.—Creeping of 
saturated solutions of 24 common substances was tried 


FIGURE 9.—FouR STRIPS FROM A MOTION PICTURE 
OF AN EVAPORATING DROPLET OF SODIUM CHLORIDE 
SOLUTION CONTAINING SOME POTASSIUM FERROCYANIDE 


at 37 = 0.5°C. All but one crept either on the glass, 
or on the brick, or on both. The exception was sodium 
iodide which is quite hygroscopic. Substances tried 
were: NaCl, NaBr, NaI, NaNO;, NaC:H;O2, NazSOu,, 
NasCOs, KBr, Ki, KNOs, K:COs, KCN, KMnQu, 
KeCrQu, K,Fe(CN)., Ca(NOs)o, SrCl, FeSQ,, Fe- 
(NH,)2(SO,)2, MnSOQ,, H3BOs, citric acid, and urea. 
5. Influence of Potassium Ferrocyanide on Crystals 
Other Than Those of Sodium Chloride.—After the above 
24 solutions had evaporated to dryness in their respec- 
tive beakers, they were treated as follows, and again 
kept in the 37°C. electric oven until dry. That is, 0.3 
g. of K,Fe(CN).*3H:20 was added to 9 cc. of each of the 
respective saturated solutions, together with 1 cc. of 
water, and thoroughly dissolved (whenever its solubility 
would permit). The 10 cc. of each solution was then 
added to the correct beaker. In every case there was a 
modification of the structure observed in the salt crust, 
but only in the case of NaCl, KI, and KBr did the 
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potassium ferrocyanide produce blossoms. Those 
formed with the KBr were fewer and more delicate than 
in the case of NaCl, while the KI carried this to the 
extreme, there being only two, very delicate, branched 
outgrowths. For each of the 23 crusts potassium 
ferrocyanide increased the rate of “skin” formation. 
Usually about 5 to 10 minutes was necessary to observe 
a change, after which one could easily follow them with 
the eye. 

6. Effect of Certain Salts on Crusts of Sodium Chlo- 
ride.—Observations showed no tendency toward blos- 
som formation in saturated sodium chloride solutions 
containing, respectively: 1% CuSO,-5H20, 1% sodium 
oleate, 1% MnCle-4H20, 1% KeCrO,, 1% KeCr2O7, 1% 
CrCl;-6H.O, 1% MnS0O,-4H;20, 1% NiCl,-6H.O, 10% 
MnS0,-4H20, and 10% CuS0O,-5H.0. The following 
addition agents induced some tendency toward blos- 
soming of the sodium chloride: 5% sodium oleate, 10% 
KeCrOu, 1% Co(NOs)2-6H20, 6% FeCl;-6H2O, 10% 
KCNS. 

7. Observation of Evaporating Drops of Salt Solu- 
tions.—In the case of nearly every solution, whether it 
contained one or more components, small drops were 
placed upon a glass slide and watched with a microscope 
while they evaporated. Detailed observations were 
made and recorded. For brevity, these are omitted, 
but the results were as follows. First, solutions con- 
taining only one solute formed circular walls of crystals 
or powders around the peripheries of the drops (Figure 
4). The solutions did not creep beyond the ‘‘walls.”’ 
Second, solutions containing two dissolved components, 
but incapable of producing salt blossoms, did not creep 
beyond the ‘‘walls.”” Third, solutions containing two 
dissolved components (such as NaCl and K,Fe(CN)s), 
capable of producing salt blossoms, always crept beyond 
the original ‘‘walls.” Before this penetration of the 
crystalline wall one could see a distinct skin over the 
drop surface, especially with a solution containing KCI 
and K,Fe(CN).. When the two dissolved components 
were NaCl and K,Fe(CN)., slow uniform evaporation 
first gave a few, equally spaced, cubic crystals of NaCl 
around the drop periphery. Then these crystals 
became the centers for the tongues of solution which 
surrounded them, went beyond, and produced fantastic 
tree-like deposits (Figures 7 and 9). 


LABORATORY DIRECTIONS FOR GROWING SALT FLOWERS 


Use a low, wide dish such as a 15 cm. (diameter) X 
7 cm. crystallizing dish. In its center place pieces of 
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coal, red brick, cinder, unglazed porcelain, soft rough 
wood, or even broken glass. This solid material will 
serve as a support for the salt flowers. Fill the dish 
about one-third full of a saturated solution of ordinary, 
technical, sodium chloride. During the next two or 
more weeks occasionally (every three or four days) add 
more saturated solution up to the original level. Fi- 
nally, allow the liquid to evaporate completely and from 
then on use a saturated sodium chloride solution which 
is also saturated with potassium ferrocyanide (<2%). 

Blossoming will follow the inauguration of the potas- 
sium ferrocyanide treatment. Growth will continue 
for many days and may be readily observed even with 
the unaided eye. 

Blue and green shades of color result when the 
blossoming mixture contains some acid such as sulfuric, 
citric, or tartaric. Colors may also be made by adding 
dyes or inks. After good blossoms have formed and 
evaporation is complete, a blue or green color may be 
obtained by treating the saturated sodium chloride 
with sufficient ferric chloride to react with the potas- 
sium ferrocyanide distributed among the blossoms, 
giving Prussian blue. When ferric sulfate is used in- 
stead of the ferric chloride, yellow blossoms may be 
obtained. 

Observe with a low-power microscope the evapora- 
tion on a glass slide of droplets of solutions of NaCl, 
of K,Fe(CN)¢, and of a mixture of these. 


EXPLANATION OF THE GROWTH OF SALT FLOWERS 


Creeping of a saturated solution is common, and 
results from adsorption of the solution by the solid 
surface. As evaporation progresses the crust formed 
leaves a thin opening between it and the solid wall, thus 
aiding further rise due to capillarity. 

Sodium chloride crystallizes in cubes, but in the 
presence of potassium ferrocyanide these are metasta- 
ble, redissolve, and with the potassium ferrocyanide 
form an elastic skin which expands and elongates as 
new solution swells it. The wall of this skin ruptures, 
a drop of mixed solution bursts out, but at the air 
interface quickly forms a new skin, thereby producing 
branches, analogous to those of a tree. Therefore, 
branches become smaller and smaller until so fragile 
that they break off. Finally, as they are isolated, 
or when the solution is allowed to evaporate com- 
pletely, the salt contained within the hollow branches 
will at last solidify and give the blossoms their final, 
solid appearance. Surprisingly few combinations of 
solutions will give such blossoms. 





The art of observation and that of experimentation are very distinct. In the first case, the fact may either 
proceed from logical reasons or be mere good fortune; tt is sufficient to have some penetration and the sense of truth 


in order to profit by it. 


But the art of experimentation leads from the first to the last link of the chain, without 


hesitation and without a blank, making successive use of Reason, which suggests an alternative, and of Experience, 
which decides on it, until, starting from a faint glimmer, the full blaze of light is reached.—J. B. A. DuMas 





The SCIENTIFIC CONTRIBUTIONS 
of the DE ELHUYAR BROTHERS’ 


MARY ELVIRA WEEKS 


The University of Kansas, Lawrence, Kansas 


LTHOUGH Don Fausto de Elhuyart and his 
A brother, Don Juan José, achieved undying fame 
by their isolation of the element now known as 
tungsten, only meager accounts of their contributions 
have been recorded in the English language, and even in 
Spanish and Spanish-American journals it is difficult to 
find more than brief mention of Don Juan José. This 
Castilian literature, however, contains a wealth of 
information about the scientific activities of Don 
Fausto, and the recent observance of the centenary of 
his death has brought forth new biographical material. 
In the latter part of the eighteenth century the 
Count of Pefiaflorida, with the approval of King 
Charles III, founded in the Basque provinces a patriotic 
organization known as “‘The Basque Society of Friends 
of their Country”’ (Sociedad Vascongada de Amigos del 
Pais). In the early days of its existence, this learned 


society consisting of studious men of the nobility and 
clergy used to meet every evening in the week. On 


Mondays they discussed mathematics; on Tuesdays 
they made experiments with Abbé Nollet’s electrical 
machine or with their air pump from London or dis- 
cussed the physical theories of the day, such as Frank- 
lin’s views on electricity; on Wednesdays they read 
history and translations by members of the society; 
on Thursdays 





they listened to 
music; on Fri- 
days they stud- 
ied geography; 
on Saturdays 
they conversed 
on curren 
events; and on 
Sundays they 
again listened to 
music. Accord- 
ing to a contem- 
porary writer, 
Don Juan Sem- 
pere y Guarinos!: 


* Presented be- 
fore the Division 
of History of 
Chemistry at the 
Chicago meeting of 
the A. C. S., Sept. 
11, 1933. 

7 Even in Span- 
ish literature, the 
spelling of this 
name varies. 


ram,” or tungsten. 
Chavaneau, and Fausto de Elhuyar. 


THE SEMINARY OF VERGARA 


It was here that Don Juan José and Don Fausto de Elhuyar carried out their re- 
markable analysis of wolftamite, which resulted in the isolation of a new metal, ‘‘wolf- 
Among the professors at this Seminary were L. J. Proust, Frangois 


413 


The two most glorious monuments of the Sociedad Vascongada 
are the Seminary of Vergara and the House of Mercy of Vitoria. . 
This Seminary was the first in Spain in which virtue was united 
with the teaching of the sciences most useful to the state. Ver- 
gara was the first town in which chairs of chemistry and metal- 
lurgy were founded. 

Soon after this Seminary was founded in 1777, two 
brilliant and promising youths of Basque and French 
lineage, Don Juan José de Elhuyar y de Zubice and his 
younger brother, Don Fausto, were commissioned to 
study abroad. Don Juan José was sent by the King to 
master the science of metallurgy and Don Fausto was 
chosen by the Count of Pefiaflorida to study mineralogy 
at the expense of the Society of Friends of their Country 
and become the first professor of that subject at the new 
Seminary.’ 

Don Fausto was born at Logrofio in northern Spain on 
October 11, 1755, and was educated in Paris under the 
best masters. While the gifted young Louis Joseph 
Proust,* who later defended the law of definite pro- 
portions so valiantly against Berthollet, taught chemis- 
try at Vergara, Don Fausto and Don Juan José went to 
Freiberg, where in 1778 they enrolled as students in the 
Royal School of Mines, studied subterranean geometry, 
mining, metallurgy and machine construction, and 
became ardent disciples of the great mineralogist, 

Abraham Goitt- 
lob Werner. 
They also visited 


1SEMPERE, J., 
“Ensayo de una 
biblioteca espafiola 
de los mejores 
escritores del 
Reynado de Carlos 
III,” Imprenta 
Real Madrid, 1789, 
Vol. 5, pp. 151-77. 

2“El primer 
centenario de D. 
Fausto de Elhu- 
yar,” Anales soc. 
espan. fis. quim., 
31, 115-43 (Mar. 
15, 1938). 

3 Ateneo cien- 
tifico, literario, y 
attistico de Ma- 
drid, ‘‘La Espajia 
del Siglo XIX,” 
Libreria de D. 
Antonio San Mar- 
tin, Madrid, 1886, 
Vol. 2, pp. 412-52. 
Chapter on the his- 
tory of the physi- 
cal sciences by 
Mourelo. 
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the mines and metallurgical industries of Sweden and 
England, and at least one of the brothers profited by a 
brief course of study at Upsala under the celebrated 
Torbern Bergman. 

When Don Fausto took up his teaching duties at 
Vergara just after the Christmas vacation in 1781,* 
he was already famous because of his achievements in 
northern Europe. He soon published papers on the 
manufacture of tin plate, the mines of Somorrostro, the 
iron-works of Biscaya, and the working of copper mines. 

Soon after devoting themselves to laboratory re- 
search in Vergara, the de Elhuyar brothers analyzed a 
specimen of wolframite from a tin mine in Zinnwald 
and separated from it an insoluble yellow powder which 
they called wolframic acid and which they later showed 
to be identical with tungstic acid. Since these Spanish 
chemists were the first to reduce wolframic acid, Dr. 





Courtesy Lr. Moles and Mr. Cafttero 


Fausto DE ExLuHuyar, 1755-1833, as H& APPEARED 
WHILE STUDYING IN VIENNA BEFORE GOING TO 
MEXxIco 


At this period he was already famous because of the 
research at Vergara in which he and his brother liber- 
ated the element now known as tungsten. This por- 
trait was bequeathed to the Mining Council by Don 
Fausto’s daughter, Dofia Luisa de Elhuyar de Martinez 
de Aragon. 


E. Moles of the University of Madrid and the late 
Dr. Fages y Virgili have pointed out that the metal 
ought to be called by the name wolframium (wolfram) 
which the de Elhuyar brothers gave it. Although this 





* The author wishes to correct a statement in Reference 8. 
Elhuyar taught at Vergara before going to Mexico, not after his 
return. 
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name‘ has been changed in some languages to forms 
derived from tungstein, the accepted international 
symbol, W, still bears witness that the metal was first 
obtained from wolframite, not from tungstein (scheelite). 
Although the isolation of this metal has sometimes 
been erroneously credited to Don Fausto alone, the 
original paper published in 1783 in the Extractos de las 
Juntas Generales of the Royal Basque Society under the 
title ‘“Chemical Analysis of Wolfram and Examination 
of a new Metal which Enters into its Composition” 
bore the names of both brothers. Because of the great 
importance of this memoir it was soon translated into 
French, English, and German.® 
Dr. Fages and Dr. Moles have both pointed out that, 
in isolating the new metal, the de Elhuyar brothers did 
much more than merely confirm the hypothesis of 
Bergman. Instead of analyzing tungstic acid inten- 
tionally prepared to test this hypothesis, as has so often 
been stated, they analyzed wolfram without any pre- 
4Mo gs, E., ‘‘Wolframio, no tungsteno. Vanadio o eri- 
tronio,”’ Anales soc. espa. fis. quim., [3], 26, 234-52 (June, 1928). 
5 Etnuyar, J. J. AND F., “Analisis quimico de volfram y 
examen de un nuevo metal que entra en su composicién,’’ Extrac- 
tos Real Soc. Bascongada, pp. 46-88 (1783); Mémoires Acad. 
Toulouse, 2, 141-68 (1784); English translation by CHARLES 


CULLEN, G. Nicol, London, 1785; German translation by F. A. C. 
GrREN, Halle, 1786. 





From F. G. Corning, ‘‘A Student Reverie”’ 
ABRAHAM GOTTLOB WERNER, 1750-1817 


Professor of geognosy at the Freiberg School of Mines. 
Because his followers believed in the aqueous origin of rocks, 
they were called Neptunists. Among his distinguished stu- 
dents were the de Elhuyar brothers, Baron Alexander von 
Humboldt, and A. M. del Rio, the discoverer of vanadium 
(erythronium). 
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conceived ideas. Dr. Fages stated that, after the 
de Elhuyar brothers had discovered the acid in 
wolframite, 


. . their great enlightenment and erudition, supporting their 
great genius, caused them to suppose that the earth encountered, 
completely new to them and to almost all chemists, might be the 
same that Scheele had discovered a few months before in another 
mineral, entirely independently. . .4-6 


The de Elhuyar brothers concluded from their analy- 
sis that wolframite is composed of wolframic acid 
combined with iron and manganese. Their method of 
obtaining the metal by reduction of tungstic (wolframic) 
acid with charcoal has been described in other pa- 
pers.4®75 As late as 1786 the great analytical chemist, 
Martin Heinrich Klaproth, admitted that all his own 
attempts had failed and that “up to the present only 
Hr. Elhuyar has succeeded in getting the metal.’’® 

Although the de Elhuyar brothers were unsuccessful 
in their attempts to synthesize wolframite, they fore- 
shadowed modern methods of mineral synthesis.* 
They also devised an ingenious method of determining 
the specific gravity of solids, and their values for 
wolframite, tungsten trioxide, and metallic tungsten 
were surprisingly accurate.2 Their dissertation on 
wolframite, published three-quarters of a century before 
Thomas Graham founded the science of colloid chemis- 
try, contains a clear description of a wolframic (tung- 
stic) acid sol.2 Spanish writers have commented on 
the lucid and refined style of this great memoir, which, 
though written in the phraseology of the phlogistonists, 
exhibits scientific concepts and technic which are 
astonishingly modern. In the French translation of it, 
the de Elhuyar brothers modestly admit that no use has 
yet been found for the new metal, but add that ‘‘we 
must not conclude from this that it is entirely useless.’’ 

In the meantime, events in the western hemisphere 
had caused King Charles to make new plans for the 
de Elhuyar brothers. As early as 1774 Don Joaquin 
de VelAzquez Cardenas y Leén had presented a plan for 
the establishment of a school of mines at Mexico City 
which had received the King’s approval. However, 
the realization of the plan had unfortunately been 
deferred by the death in 1786 of this distinguished 
Mexican scientist. In order to fulfil his cherished hope 
of developing the mines of America, King Charles sent 
Don Juan José to New Granada (Colombia) and Don 
Fausto to Hungary and Germany to prepare himself 
for the exacting duties of Director General of Mines of 
Mexico.”® 

The former served for many years as professor of 





6 “‘Discursos leidos ante la Real Academia de Ciencias en la 
recepcién ptiblica del Ilmo,” Sr. D. Juan Fages y Virgii, Madrid, 
1909, 118 pp. Address on ‘“‘The chemists of Vergara.” 

7Koppret, I., “Beitrag zur Entdeckungsgeschichte des 
Wolframs,’’ Chem.-Zig., 50, 969-71 (Dec. 25, 1926). 

8 WEEKS, M. E., ‘‘The discovery of the elements. V. Chro- 


mium, molybdenum, tungsten, and uranium,’’ J. CHEM. Epuc., 9, 
459-61 (Mar., 1932); 
1933, pp. 50-2. 

9 KraprotH, M. H., “Untersuchung des angeblichen Tung- 
1788) und des Wolframs aus Cornwall,”’ 
1786). 


tbid., Mack Printing Co., Easton, Pa., 
‘ 


Crell’s Ann., 6, 507 











Don ANDRES MANUEL DEL Rio,* 1765?-1849 
Professor of mineralogy, French, and Spanish at the School 


of Mines of Mexico. Member of the American Philosophical 
Society. He discovered the element vanadium (erythro- 
nium), but later confused it with chromium. This portrait 
belongs to the School of Mines of Mexico. 


mineralogy, successfully administered technical com- 
missions of great responsibility, and developed the 
mines of New Granada. Early in the spring of 1786 
Don Fausto collaborated with Francois Chavaneau, 
professor of chemistry at Vergara, in some remarkable 
researches on platinum. In a letter written in Vergara 
on March 17th of that year to Don Juan José, who was 
then living in Bogota, Colombia, Don Fausto gave a 
clear description of their process for making pure 
platinum malleable. In his ‘bibliography of Spanish 
science, Menéndez y Pelayo mentions a paper on lo- 
cating veins of mercury which Don Juan José published 
in the same year.!° 

Don Juan José was a highly esteemed friend of the 
great Spanish botanist, Don José Celestino Mutis, who 
once said proudly, ‘‘I have been the instrument for the 
glorious acquiring of the two learned D’Elhuyar [sic] 
brothers and the rapid introduction of Baron Born’s 
new mining process.”!!_ The Republic of Colombia has 

*The author wishes to thank Sefior Pablo Martinez del Rio, 
head of the Extension Dept. of the National University of Mexico, 
for his kind assistance in locating this portrait. 

10 MENENDEZ, M., ‘“‘La ciencia espafiola,’’ 3rd ed., A. Perez 
Dubruli, Madrid, 1888, Vol. 3, pp. 395-6. 

11 GALVEz-CANERO, A. DE, “‘Apuntes biograficos de D. Fausto 


de Elhuyar y de Zubice,”’ Boletin del Instituto Geolégico y Minero 
de Espatia, Vol. 53, Graficas reunidas, Madrid, 1933, 253 pp. 
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recently celebrated the bicentenary of the birth of this 
great Spanish botanist.!? According to Dr. Fages, 
many documents preserved with the famous Mutis 
collection at the Botanical Garden in Madrid show that 
the services of Don Juan José in New Granada were no 
less useful to Spain than those of his younger brother in 
Mexico. Don Juan José de Elhuyar died in 1804 in the 
Santa Ana mine at Bogota, without ever revisiting his 
native land.®1!1 

On May 22, 1783, while the de Elhuyar brothers were 
still engrossed in their famous experiments on wolf- 
ramite, the King had issued his ‘Royal Ordinances for 
the Direction, Management, and Government of the 














Courtesy F. B. Dains 
BARON ALEXANDER VON HuMBOLDT, 1769-1859 


Author of ‘‘Cosmos’ 
Friend of Fausto de 





German naturalist and traveler. 
and ‘‘Political Essay on New Spain.” 
Elhuyar and A. M. del Rio. 


Important Body of Mining in New Spain and of its 
Royal General Tribunal.”!* In the spring of 1786 
Don Fausto de Elhuyar was sent to Hungary and 
Germany to study the new method of amalgamation 
which Counselor Born had established in Schemnitz and 
Freiberg. On July 18th of that year the Marquis of 
Sonora wrote as follows to Don Fausto, who was then 
in Vienna: 

The King has deigned to appoint Your Excellency as Director 
General of the Royal Assembly of Mines of Mexico with a salary 
of 4000 pesos, and by his Royal command I give you this order for 
your satisfaction, and that, well informed on the new method of 
amalgamation that Mr. Born invented, you may return to those 


12 Anuario Acad. Ciencias, Madrid, pp. 180-1 (1982); 
“Century-old collection yields new plant species,” Sci. News 
Letter, 24, 135 (Aug. 26, 1933). 

13 Ramirez, S., “Datos para la historia del Colegio de Min- 
eria,”’ Government publication for the Sociedad cientifica An- 
tonio Alzate, Mexico City, 1890, 494 pp. 
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realms at your earliest convenience in order to go to New Spain 
and fill that office with the intelligence and knowledge which the 
discharge of your obligation demands and which His Majesty 
expects from your application, proficiency, and zeal.!* 

After a year and a half in Hungary and Germany, 
Professor Elhuyar spent a few months in Vienna 
studying the mines of the surrounding region and the 
metallurgy of many metals and enjoying the brilliant 
social life of the city. Before returning to Spain he 
married a German lady of distinguished lineage, Juana 
Raab de Moncelos, who, in the middle of June, 1788, 
set sail with him from Cadiz for New Spain." 

When the frigate Venus cast anchor at Vera Cruz on 
September 4th of that year, the new Director General of 
Mines disembarked and went immediately to Mexico 
City. After a solemn and colorful ceremony in the 
Royal Palace, he entered at once into his new duties. 

A few months later, as a first step in the construction 
of a chemical laboratory, assay furnaces were built in 
the patio of the college building. According to Direc- 
tor Elhuyar’s plan, the students admitted were to 
range in age from fifteen to twenty years and were to 
wear a prescribed blue uniform with red collar and cuffs 
and gold buttons decorated with the signs for gold, 
silver, and mercury. On Sundays and church holidays 
they were expected to attend the church functions, both 
morning and afternoon, and to call on the mining 
officials ‘‘in order to learn the usages of polite society.’’!* 
As an incentive to scholarship, the Director arranged 
that prizes for good conduct and industry should be 
awarded with great solemnity. These consisted of 
ornaments to be worn in the buttonhole.’* The 
School of Mines was officially opened on New Year’s 
Day, 1792, with an impressive ceremony in the Church 
of San Nicolas. It was the first scientific institution to 
be erected on Mexican soil.'* 

The new Director of Mines soon made a thorough 
experimental study of the “patio,’’ or amalgamation, 
process of separating silver from its ores. Although 
this empirical process invented by Bartolomé de 
Medina had been used for more than two centuries, no 
satisfactory explanation of the chemical reactions 
involved had yet been given. L. J. Proust, who was 
then teaching in the Academy of Artillery at Segovia, 
reviewed these remarkable experiments of Elhuyar in 
the first volume of the Anales del Real Laboratorio de 
Quimica in 1791. The late Sefior Mourelo has recently 
stated that ‘‘. . . the glory of both [Bartolomé de 
Medina and Alvaro Alonso Barba] shines and scintil- 
lates more brightly in that of . . .the famous mining 
engineer, Don Fausto Elhuyar, in whom appears 
completed . . . the magnificent work of those eminent 
te 

Since a royal order, transmitted through the Viceroy 
of Mexico, had decreed that Werner’s theory of the 


14 Ramirez, S., “El centenario del Colegio de Mineria,” 
cise) ctentifica Antonio Alzate, Memorias y revista, 6, 177-242 
1892-3). 
15 MourELoO, J. R., “Un libro famoso,” Revista acad. ciencias 
(Madrid), 29, 9-52 (Sept., 1932). Review of Barna, A. A., “El 
Arte de los Metales,’’ 1640. 
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formation of veins be taught to the students, the 
brilliant young Don Andrés Manuel del Rio was sent to 
Mexico to introduce the most approved mining methods 
which he had learned at Freiberg.'* Although del Rio 
had declined the professorship of chemistry, he accepted 
that of mineralogy, and took with him on the warship 
San Pedro Alcantara a quantity of equipment for the 
School of Mines. Soon after his arrival in Mexico 
City in December, 1794, Don Fausto de Elhuyar asked 





A LA ESCLARECIDA MEMORIA © 


De los eminentes aabine . 
que con excepcinnal acierto desempeBaron el inibortante rarge de 
Primer Director General de Mineris 


)JOAQULN DE YELAZOUD CARDENAS Y LGN 


D. FAUSTO DE ELHUYAR 


Inicindor €l primero y fandedar et seguade 


DEL COLEGIO DE MINERIA 


En testimonid de carlo, de admiracién y gratitud. 











DEDICATION OF THE HISTORY OF THE COLLEGE OF MINES 
oF Mexico (Ref. 13) 


Translation: ‘‘To the illustrious memory of the emi- 
nent scientists who filled with exceptional ability the im- 
portant office of First Director General of Mining, D. 
Joaquin de Velazquez Cardenas y Leén and D. Fausto de 
Elhuyar, the former the initiator and the latter the 
founder of the College of Mines. In testimony of af- 
fection, admiration, and gratitude.” 


him to translate Werner’s book on the theory of forma- 
tion of veins into Spanish.'* 

When Sefior Elhuyar’s nine-year term as Director 
was about to expire in 1797, his colleagues and students 
requested that he be reappointed for another nine 
years, or for life, or for whatever period might meet 
with Royal favor.'* The report stated that “. . . this 
Royal Seminary is persuaded that in this kingdom there 
is no other subject of the merit and circumstances so 
suited to this institution . . . as Sr. D. Fausto Eluyar 
[sic].’’ The officers of the school felt that no one else 
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“would recognize the character and genius of the 
[Mexican] people.’’ The association of mining engi- 
neers from all parts of Mexico also voted unanimously 
for his reappointment, and the request was granted.'* 

In the meantime Don Fausto made many inspection 
trips to mining centers, supervised the installation of 











Courtesy Dr. Moles and Mr. Cafiero 


FAUSTO DE ELHUYAR, DIRECTOR GENERAL OF MINES OF 
SPAIN 


The centenary of his death was recently observed at 
the School of Mining Engineering of Madrid. 


pumps of his own invention, and for several months 
taught the chemistry course, because of the illness of 
Don Luis Lindner. Under his leadership the prestige 
of the school increased, and students came from distant 
parts of Mexico to obtain a broad cultural foundation 
as well as a practical knowledge of mining. In April, 
1798, the King ordered that some of the most promising 
youths be selected by examination to become directors 
and mining engineers in the viceroyships of Peru and 
Buenos Aires and the provinces of Quito, Guatemala, 
and Chile, and to establish safe, economical methods for 
the exploitation of the precious metals. '* 

After Baron Alexander von Humboldt had visited 
Mexico in 1803, he wrote that “no city of the new 
continent, without excepting those of the United 
States, presents scientific establishments so large and 
substantial as the Capitol of Mexico. I shall mention 

the School of Mines, directed by the learned 
eee 

16 HumBOLpDT, A., “Ensayo politico sobre Nueva Espafia,” 


3rd ed., Libreria de Lecointe, Paris, 1836, Vol. 1, pp. 232, 236-8; 
thid., Vol. 2, p. 85. 
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THE SCHOOL OF MINES IN Mexico City 


The Baron also stated that 


. . . a European traveler would be surprised to meet in the 
interior of the country, near the California boundary, young 
Mexicans reasoning on the decomposition of water in the opera- 
tion of amalgamation in the open air. The School of Mines hasa 
chemical laboratory, a geological collection classified according 
to Werner’s system, and a physical laboratory, in which are to be 
found not only valuable instruments of Ramsden, Adams, Lenoir, 
and Luis Berthoud, but also models made in the same capitol 
with the greatest precision and of the best wood in the country. 
The best mineralogical work which Spanish literature possesses, 
the manual of mineralogy arranged by Sefior del Rio according to 
the principles of the Freiberg School, where the author studied, 
has been printed in Mexico.'® 


The Baron also mentioned Lavoisier’s ‘“‘Elements of 
Chemistry,’ the first Spanish edition of which was 
published in Mexico. Chaptal’s textbook of chemistry 
was also used at the Mining Academy, but in 1820 it 
was superseded by that of Orfila.’* 

Professor Elhuyar often ordered instruments for the 
School of Mines through von Humboldt, who selected 
and purchased them without any commission. In 
return for this courtesy he gave the Baron much valu- 
able information for his ‘‘Political Essay on New 
Spain.”!*16 Von Humboldt later presented to Euro- 
pean museums numerous specimens of Mexican min- 
erals which this Spanish scientist had given him. 

Two of de Elhuyar’s most famous papers were 
entitled ‘‘Suggestions on Coining in New Spain’ and 
“Memoir on the Influence of Mining on the Agricul- 


ture, Industry, Population, and Civilization of New 
Spain.”!"18 Jn his ‘History of Mexico,’!® H. H. 
Bancroft extolled the former treatise as follows: 


With regard to the mint and coinage I find the work of Fausto 
de Elhuyar, entitled Indigaciones sobre la Amonedacién en la 
Nueva Espafia, Madrid, 1818, to be extremely useful. His 
researches were conducted with great care, and supply a concise 
and correct history of the mint from its establishment down to 
the 10th, of August, 1814, when he laid before the mining tribunal 
of Mexico, of which he was director, the results of his labors. 
In this book, which consists of 142 pages, he gives an account of 
the different coins struck off and the modifications which they 
experienced at different periods, also of the new system when the 
administration was assumed by the government. He moreover 
considers with attention the causes by which the interests of the 
mining industry suffered, and suggests remedies. 


During the war of independence, the once prosperous 
mining industry of Mexico passed through such a 
serious depression that all courses at the School of 
Mines were suspended, with humane provisions, how- 
ever, for those of its employees who had no other source 
of income. Don Fausto de Elhuyar relinquished his 


17 ELHuvAR, F., ‘“‘Indigaciones sobre la amonedacién en 
Nueva Espajia,”’ Imprenta de la calle de la Greda, Madrid, 1818, 
146 pp.; Memoria sobre el influjo de la mineria en la agricultura, 
industria, poblacién, y civilizacién de la Nueva Espajia,” Im- 
prenta de Amarita, Madrid, 1825, 154 pp. 

18 RaMiREZ, S., ‘‘Noticia hist6érica de la riqueza minera de 
México,” Secretaria de Fomento, Mexico, 1884, 768 pp. 

19 “The Works of Hubert Howe Bancroft,’”’ A. L. Bancroft 
and Co., San Francisco, 1883, Vol. 11, p. 679. 
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authority, and thus, after thirty-three years of service, 
his directorship came to a close on October .22, 1821. 
The history of the School of Mines!* by the distin- 
guished mining engineer, Santiago Ramirez, contains a 
wealth of information about Elhuyar’s services to 
Mexico. 

After returning to Madrid, Professor Elhuyar was 
made a member of the General Council of Public 
Credit,'* served on many government commissions, 
wrote his famous treatise on the influence of mining in 
New Spain,!? drew up the new mining law known as the 
Royal Decree of July 4, 1825, and was made Director 
General of Mining.*° He planned the School of 
Mining Engineering of Madrid and organized and 
developed the mining industry of his native land, which 
he served devotedly to the end of his life. One of the 
reforms which he advocated was the eight-hour day.” 

In spite of his many positions of influence and’ re- 
sponsibility, Professor Elhuyar lived in modest circum- 
stances, devoting all his energy to intellectual rather 
than material pursuits. He died at Madrid on Janu- 
ary 6, 1833, at the age of seventy-seven years. (Al- 
though the centenary of Elhuyar’s death was observed 
on February 6, 1933, the death certificate which Sefior 
Cafiero recently discovered in the records of San 
Sebastian parish in Madrid states that Don Fausto 
died on January 6th as the result of a fall.) 

In 1892 the Mexican government under Porfirio 
Diaz, the former students of the Mining Academy, and 
the leading mining companies arranged a mining exposi- 
tion and a series of public functions throughout the 
year to commemorate the centennial anniversary of the 
founding of the Seminary. All the scientific organiza- 

* Although standard Spanish and German encyclopedias state 
that Don Fausto de Elhuyar also became Secretary of State, 
Dr. Fages® has pointed out that this is incorrect. 


20 Moros, F. A., “‘Minerales y mineralogistas espaiioles,”’ 
Revista Real acad. ciencias (Madrid), 21, 299 (1923-24). 
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tions in the country participated, and the German 
musical society, the Orfeén Aleman, gladly codperated 
out of gratitude for the honors which the Seminary had 
bestowed on Baron von Humboldt. In each arch of 
the magnificent college building appeared a flag-draped 
escutcheon bearing an honored name, and foremost 
among these were Joaquin de Vel4zquez Cardenas y 
Leén, Fausto de Elhuyar, and Andrés Manuel del Rio.'4 

On February 6, 1933, the Spanish Society of Physics 
and Chemistry, the Geological and Mining Institute of 
Spain, and the Association of Mining Engineers met at 
the School of Mining Engineering of Madrid to observe 
the one-hundredth anniversary of the death of Don 
Fausto de Elhuyar. Eloquent and scholarly addresses 
on the various phases of his services to science were 
delivered by Sefiores Bermejo, Hauser, Galvez-Cafiero, 
Moles, Novo, and Lépez Sanchez Avecilla, and three 
portraits* of him were displayed by Sefior Cafiero, who 
has recently published a beautifully illustrated biogra- 
phy based on authentic documents and correspondence. 
Plans were announced for the publication of some of 
Don Fausto’s papers in a series of Spanish scientific 
classics, and the Elhuyar Prize of 1000 pesetas was 
awarded to Don Fernando Gonzalez Niiiez for his 
revision of the atomic weight of chromium.’ 


* * +* j%K * 


The writer is deeply grateful to Professor E. Moles, 
Mr. GAlvez-Cafiero, Dr. F. G. Corning, Sefior Pablo 
Martinez del Rio, and Dr. F. B. Dains for the use of the 
illustrations accompanying this article. It is also a 
pleasure to acknowledge the valuable help obtained from 
the literature on the history of Spanish chemistry which 
Dr. Moles and Mr. Caiiero so kindly contributed. 


* Sefior Bermejo, president of the Spanish Society of Physics 
and Chemistry, also mentioned that there is a statue of Fausto de 
Elhuyar at the Faculty of Sciences of Saragossa. 





A USEFUL AIR BATH 
ARTHUR F. SCOTT 


The Rice Institute, Houston, Texas 


THE present note describes the design and use of an 
aluminum air bath which has proved to be of consider- 
able value for individual student use in a quantitative 
analysis class. 

Essentially the air bath is simply an aluminum 
beaker, 8.5 cm. in diameter and 11.5 cm. high, inside 
dimensions. The wall and bottom are 0.5 cm. thick. 
Beakers of this design can be cast in any foundry and 
machined at a very reasonable cost, especially if quanti- 
ties of 100 or more are ordered to absorb the cost of the 
casting pattern. 

When precipitates or other substances contained in 
crucibles are to be heated, the crucibles ate supported 
on the usual triangles, the legs of which are bent at 
right angles and are cut to such a length that the cru- 
cible bottom is about 2 cm. above the floor of the air 


bath. With a cover of asbestos board on the air bath 
practically constant temperatures up to 300° can be 
obtained readily by regulating the gas flame. Because 
of the low loss of heat by radiation the maintenance of 
a temperature as high as 300° requires only about a 3- 
cm. flame from an ordinary Bunsen burner. 

The dimensions of the air bath are such that a 210-cc. 
casserole will sink into it almost to its handle. If it is 
considered advisable, direct contact between the porce- 
lain and the aluminum can be prevented by means of 
three thin strips of asbestos paper or cord. This ar- 
rangement affords a convenient means of carrying out 
the dehydration of, say, silica, for which a porcelain 
casserole and a temperature of 120° are usually recom- 
mended. 

The air bath will also hold snugly a 500-cc. Berzelius 
type pyrex beaker or, with the support of a few layers 
of asbestos paper, a 400-cc. low-form pyrex beaker. 
The uniform heating of a solution when the containing 
beaker is in the air bath permits of more rapid and uni- 
form evaporation than is attainable when the beaker 
is heated only on the bottom. 





An EXPERIMENT to ILLUSTRATE the 
MECHANISM of the CONDUCTANCE 
PROCESS in. IONIC SOLUTIONS 


LEWIS G. LONGSWORTH 


The Laboratories of The Rockefeller Institute for Medical Research, New York City 


A simplified experiment for the accurate measurement of 
transference data by the method of moving boundaries 1s 
described. In this method the conductance process in the 
main body of the solution may be followed by observing the 
motion of the boundary while at the electrode the simul- 
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ployed for the illustration of electrical transference 

in ionic solutions and the phenomena occurring 
at a solution-metal interface is based upon the classic 
researches of Hittorf and depends upon the analysis of 
those portions of the solution which surround the elec- 
trodes before and after the passage of a measured 
quantity of electricity. In this Hittorf or gravimetric 
method the electrolysis is seldom accompanied by 
visually observable changes in the solution and most 
of the time is spent in analytical work—operations 
which teach little concerning the mechanism of the 
conductance process. The laboratory experiment 
which is the subject of this paper overcomes some of 
these difficulties and requires only apparatus which is 
usually available for undergraduate laboratory instruc- 
tion in electrochemistry. The experiment is a simpli- 
fied form of the moving boundary method for the 
determination of transference numbers and possesses 
the following advantages over the gravimetric method. 


| Bem LABORATORY experiment usually em- 


1. The actual migration of an ion constituent may be 
observed. 

2. The concentration change which occurs around one 
of the electrodes is visible and furnishes an accurate 
conception of how the electrode processes differ 
from those in the main body of the solution. 

The method is capable of yielding precise results in 
a short time and it is possible to check the progress 
of the experiment almost from the beginning. 


DESCRIPTION OF THE EXPERIMENT 


The experiment described below is a simplification, 
due to Franklin and Cady (1) and Cady and Longs- 
worth (2), of the general moving-boundary method in 
that no special mechanism is required for the initial 
formation of the boundary by the superposition of two 
solutions. The ‘indicator’ or following solution is 
formed as a result of the electrochemical process which 


taneous growth of a visible diffusion layer illustrates the 
mechanism of electrical transport at a metal-solution 
interface. The experiment is suitable for laboratory 
courses in physical or electro-chemistry and is capable of 
yielding precise results. 
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occurs at the anode. Thus the solution for trans- 
ference-number determination is placed in the tube A, 
Figure 1, in the bottom of which is sealed a cylinder of 
some metal which forms a soluble salt in combination 
with the anion of this solution. As an example, the 
solution in A may be 0.1 N potassium chloride and the 
metal cadmium. If now current is passed in the direc- 
tion indicated by the arrow, cadmium chloride will 
form at the electrode, and since the cadmium ion 
constituent is slower than the 
potassium ion constituent a 
boundary between the solutions 
of cadmium chloride and potas- 
sium chloride will leave the 
face of the electrode and move 
up the tube as indicated in Fig- 
ure 2. 

Of course, as the boundary 
moves upward, the common- 
ion constituent, which is the 
chloride ion in this example, 
moves downward across the boundary and eventually 
accumulates around the anode. Electrical neutrality 
is preserved in the solution near the electrode due 
to the fact that only a fraction of the cadmium ions 
which are formed by the electrochemical oxidation of 
the anode are necessary for the maintenance of the 
growing column of indicator solution at the adjusted 
concentration and consequently only this fraction is 
carried away from the anode by electrical migration. 
A concentrated solution of cadmium chloride thus 
forms just above the anode and slowly diffuses upward 
into the more dilute indicator solution. As the experi- 
ment proceeds the thickness of this ‘‘diffusion layer’ 
gradually increases, the layer being quite visible be- 
cause of the variation of the refractive index in 
this region. The diffusion layer is indicated by the 
shading above the electrode in Figure 2. Jf, at the 
conclusion of the experiment, the tube is tipped, this 
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heavy solution of cadmium chloride may be seen falling 
down the tube. 


ELEMENTARY THEORY 


In accordance with the definition of the transference 
number, the passage of 1 Faraday, or 96,500 coulombs, 
of electricity through a solution of 0.1 N potassium 
chloride, for example, cayses 7+ equivalents of potas- 
sium ion to pass a fixed point in the solution. 74} is the 
cation transference number and this number of equiva- 
lents is contained in a volume of solution, V, in ml., 


1000 T+ 


equal to , where C is the concentration in 


equivalents per liter of solution. Of course, the 
quantity of electricity, f, necessary to cause the bound- 
ary to move through a smaller volume, v, will be pro- 
portionately smaller than F, so that 
Aa v -_o (1) 
V~ F 10007T,/C 10007, 





Since the amount of electricity involved in a de- 
termination is less than can be measured accurately 
with a coulometer it is necessary to determine the 
number of coulombs by passing a constant current, 2, 
through the tube and multiplying this by the time, #, 
in seconds, required for the boundary to move through 
the given volume, v. Thus f becomes equal to it and 
equation (1) may be written: 


T, = _CFo_ (2) 


~ 1000 it’ 


the equation which is used in computing the transfer- 
ence number from the experimental data. 


EXPERIMENTAL DETAILS 


The Moving Boundary Cell. An easily constructed 
moving boundary cell which is suitable for measure- 
ments that can be made by the simplified method out- 
lined above is shown in Figure 3. In this method the 
cathode must be sufficiently far removed from the tube 
in which the boundary is observed to prevent the 
concentration changes which occur there from pene- 
trating, either by diffusion or convection, into the 
neighborhood of the boundary. The cathode chamber 
e, Figure 3, is consequently of the type described by 
MaclInnes and Brighton (3), slightly modified, since 
this arrangement satisfies the preceding requirement 
and is quite compact. The inner tube c is closed at 
the lower end, thus retaining the heavy solution of 
potassium chloride which is developed around the 
silver-silver chloride cathode f, and is supported by the 
projections d. This tube may be slipped out of the cell 
when the rubber stopper b, which carries the cathode 
connection and the vent a, is not in place and it is with 
this inner tube removed that the cell may be most 
conveniently filled: 

The author is indebted to Dr. D. A. MacInnes for the 
very practical suggestion that a 1-ml. graduated pipet, 
on which the graduations do not extend to the tip and 
from which the tip has been removed, may be used for 
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the tube, g, in which the boundary is observed. The 
upper end of this tube is sealed to the cathode chamber 
while a cylinder of cadmium, h, to the base of which a 
connecting wire, k, is soldered, is sealed into the lower 
end of the tube by means of the piscein plug, 7. The 
tube, /, leads the anode connection out of the water 
bath, care being taken that the rubber connection, j, 
does not obscure the solution-metal interface where the 
boundary is first detected and where the diffusion layer 
is observed to form. This interface should be a few 
mm. below the first graduation on the tube. 

The introduction of the 0.1 N potassium chloride into 
the cell, which has been pre- 
viously cleaned and thoroughly 
dried, may be accomplished as 
follows. With the cathode and 
inner tube c removed, a few ml. 
of solution are poured into the 
cell. A solid glass rod, with 
a flat end and a diameter 
slightly less than that of the 
graduated tube, is used as a pis- 
ton in the latter until it is en- 
tirely filled with solution. 
Care should be taken that the 
bubble of air which clings te- 
naciously to the face of the 
anode is forced out of the tube. 
After the graduated tube has 
been filled with solution the in- 
ner tube c is placed in position 
and the cathode chamber filled. 
The silver-silver chloride cath- 
ode which is finally inserted 
is of the form described by 
Smith and MaclInnes (4). It 
is prepared by heavily plating 
platinum gauze with silver and 
then thoroughly chloridizing 
the silver deposit by electrolyz- 
ing as anode in a solution of 
hydrogen chloride. Since this electrode must carry 
considerable quantities of electricity with no evolution 
of gas the area of the electrode,should be at least one 
square centimeter. 

It is necessary to immerse the tube in which the 
boundary moves in a water bath (7, Figure 4) in order 
to dissipate the heat which is developed in the tube by 
the passage of the electric current. Otherwise convec- 
tion currents in the tube will distort and even destroy 
the boundary. The author has used a cylindrical glass 
jar, 9 cm. in diameter and 24 cm. high, for the water 
bath. Only rough temperature control is required, and 
it is unnecessary to stir the water in the bath. 

The Electrical Circuit. The measurement of the 
current and the maintenance of this current at a con- 
stant value may be accomplished as follows. The 
fixed resistance R, Figure 4, is placed in series with the 
moving boundary cell and the current through the 
latter is determined by measuring, on the potenti- 
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FIGURE 3.—THE Mov- 
ING BOUNDARY CELL 
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ometer P, the potential drop across this accurately 
calibrated resistance. A portion of the battery, B, is 
shunted across the rheostat R’ which has a sliding 
contact F and by adjustment of this contact a constant 
current through the cell may be maintained. With the 
potentiometer set at a given value the observer con- 
tinually adjusts the contact F so as to keep the needle 
of the galvanometer G near its zero position. As the 
boundary ascends the tube the length of the column of 
indicator electrolyte increases correspondingly and, 
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FicGuRE 4.—THE COMPLETE ASSEMBLY 
Electrical Apparatus Used in a Typical Determination. 
P—Students’ type potentiometer 
G—Portable type galvanometer 
R—3004* resistance—from a dial decade box 
R’—7000 adjustable rheostat 


A—90 volts “B”’ battery 
B—150 volts “B”’ battery 


since this solution is a poorer conductor than the one 
which it replaces, the total resistance of the cell con- 
tinuously increases. The potential applied to the cell 
must therefore be continually increased in order to 
maintain a constant current. 

The time, to the nearest second, at which the bound- 
ary crosses successive graduations on the tube is 
obtained with the aid of a watch. When the current 
is constant the time intervals necessary for the bound- 
ary to sweep through successive 0.1-ml. portions of the 
tube should be identical and the constancy of these 
intervals furnishes an important check upon the 
progress of the experiment. 

Observation of the Boundary. The boundary is 
visible because of the difference in the refractive indices 
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of the two solutions. Although a trained observer can 
locate the average boundary unaided, the simple optical 
system shown in Figure 4 greatly helps in the detection 
of the boundary. A source of diffused light, CD, 
should be placed behind the graduated tube. An 
opaque screen, 5S, such as a rectangular piece of card- 
board, is held in one hand and placed between the light 
source and the tube while the boundary is viewed with a 
simple reading lens, ZL, held in the other hand. When 
the upper edge of the opaque screen is nearly in line 
with the boundary, the lens, and the eye, this edge 
appears to be distorted. Keeping the lens and the eye 
approximately on a horizontal plane with the upper 
edge of the opaque screen, and in line with the tube, 
these are moved slowly up or down until a distortion of 
the edge of the screen indicates the position of the 
boundary. As the boundary leaves the face of the 
anode immediately after the electrical circuit is closed 
it is quite easily located and the observer should 
familiarize himself with its detection in this interval 
before it has reached the first graduation on the tube.* 


RESULTS OF A TYPICAL EXPERIMENT 


The results of an experiment which was performed 
in the manner outlined are given in Table 1. In this 
table, which also illustrates a method of recording the 
data, the time recorded in the second column is that at 
which the boundary passed the graduation corre- 
sponding to the volume recorded in the first column. 
The differences between successive time observations, 
reduced to seconds, are recorded in the third column 
and it is the approximate constancy of these values 
which indicates that the boundary has moved at a 
uniform rate. 

TABLE 1 
DETERMINATION OF THE CATION TRANSFERENCE NuMBER oF 0.1 N KCl 
Resistance (R, Fig. 4) = 3002 


Potentiometer setting = 1.2186 volts 
Current = 0.004062 ampere 


Volume, . 
ml. seconds 


© 
° 


moooosooss 
COON QOURWHH 


Total 4885 


DISCUSSION OF THE RESULTS 


In the computation of 7+ from the data of Table 1 
by means of equation (2) it is evident that v = 1 ml., 
C =0.1, F = 96,500, 7 = 0.004062 and ¢ = 4885. The 
value of 7+ computed in this manner, 0.4863, is subject 
toa correction of +0.2 per cent. for volume changes and 
thus becomes 0.4873. This relatively small correction 
unfortunately involves some rather difficult computa- 


* Since it is necessary to adjust the potential across the cell 
very frequently in order to maintain a constant current, it may be 
desirable to have two observers, one following the boundary 
while the other is regulating the potential. 
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tions but is completely treated in reference (5), page 
203. The value, 0.4873, is 0.5 per cent lower than the 
value 0.4898, which has been obtained in the most 
recent determinations (6) and it was observed later that 
this discrepancy between the two values was almost 
entirely due to the manufacturer’s calibration of the 1- 
ml. pipet which was used in the construction of the 
moving boundary cell. An independent calibration of 
this volume gave the value, 1.0046 ml. Using this 
figure for the volume, the data of Table 1 give a cor- 
rected transference number of 0.489;, a value which 
agrees well with the value previously mentioned. This 
value, which has been obtained by the moving bound- 
ary method, is in excellent agreement with the most 
recent determinations of this constant by the Hittorf 
method (7). 

It is probable that the 1-ml. pipet was calibrated by 
the maker ‘‘to deliver’ instead of.“‘to contain.’”’ If the 
measurements of time and current are of sufficient 
accuracy to warrant it, an independent calibration of 
the tube volume should be made. 

The particular tube which was used in the preceding 
determination was graduated for a length of 16 cm. 
Since this is somewhat longer than the tubes which are 
ordinarily used in precise measurements by the moving 
boundary method, a large battery is required. Thus in 
the experiment described above a total of about 240 
volts in the form of ‘‘B’’ batteries was required. The 
battery requirements may be decreased by either 
shortening the tube or using a lower current or both. 
The latter expedient is practical only within certain 
limits, however, since the boundary is difficult to locate 
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if the current density is too low. It is also practicable 
to decrease the drain on the battery, B, Figure 4, by 
regulating the current with a variable resistance in 
series with this battery instead of the shunted resist- 
ance, R’. 

In this brief paper it is not possible to discuss such 
subjects as the persistence and visibility of the bound- 
ary and the concentration relation between the 
leading and indicator solutions. The entire subject of 
the moving boundary method, however, is fully treated 
in a recent review by MacInnes and Longsworth (5), 
a paper which also contains a complete bibliography of 
the subject up to 1932. 

The author wishes to express his thanks to Dr. D. A. 
MaclInnes for his kind suggestions in connection with 
this work. 
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A SCHEME FOR CONSERVING PLATINUM WIRE 
CLYDE W. TOTTEN 


University Junior College, Tonkawa, Oklahoma 


IN THESE days of drastic reduction of expenditures 
for laboratory supplies it is necessary for those in 
charge of the laboratories to conserve every item pos- 
sible, especially those made of expensive material like 
platinum. In the qualitative analysis laboratory the 
student is usually supplied with an inch or more of 
platinum wire with which to make necessary flame and 
bead tests. The wire is commonly sealed into the end 
of a glass rod. After a few weeks of use the wire often 
breaks in the middle, leaving a stub of wire a half-inch or 
more in length which is frequently discarded as useless. 
In a laboratory where hundreds of such wires are in 
use the loss is considerable and can be materially 
lessened by the following scheme, illustrated in the 
accompanying drawing. 

A continuous piece of platinum wire (BD) several 


inches long is sealed inside a glass tube (AC) so that 
one inch of wire (CD) is the only portion exposed out- 


AB C 0 
Gj 


HANDLE Protects Excess WIRE AND PREVENTS For- 
MATION OF SEVERAL USELESS REMNANTS 
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side for use. When this outer portion becomes too 
short for use the tube is melted at (C), an additional 
length is pulled out, and the tube is resealed. In this 
way the formation of several small useless remnants 
of wire is prevented and the portion of wire inside the 
tube is kept in perfect condition until needed, protected 
from breakage by bending and from corrosion by heat 
and reagents. 





The LABORATORY BUBBLING 
COLUMN in the TEACHING of 
FRACTIONAL DISTILLATION 


N SUCH descriptions or diagrams of commercial dis- 
tilling apparatus as are given in organic chemistry 


GREGG M. EVANS 


Yankton College, Yankton, South Dakota 


Sample 
Original mixture 


texts it is generally indicated that the composition Distillate 


Upper bulb 


of the mixture changes progressively from residue to ee. cam 
distillate and that liquids of intermediate compositions Lower bulb 


may be drawn off from appropriate plates of the column. 
This is difficult to show convincingly to an elementary 
class because of lack of time, and insufficient prepara- 
tion of the students for the theory of fractional distilla- 


tion. 

It seemed to the writer 
that the laboratory bub- 
bling column! offered a 
possible solution of this 
difficulty. One was ac- 
cordingly constructed hav- 
ing five of the bulbs which 
correspond to the plates of 
a commercial column. To 
three of these were sealed 
short side-tubes. These 
could be closed by means 
of rubber tubing and 
pinchcocks and used for 
the removal of samples 
from the bulbs. 

One procedure for demon- 
strating the progressive 
change in composition was 
as follows. A mixture of 
one part methanol and 
three parts water by vol- 
ume was placed in a round- 
bottomed flask attached to 
the apparatus as shown in 
Figure 1. The reflux con- 
denser at the top was set 
sufficiently low for total 
reflux and boiling was con- 
tinued for about five min- 
utes after all the bulbs had 
filled. The reflux condenser 


1 CLARKE AND Ranurs, Ind. 
Eng. Chem., 18, 1092 (1926); 
Syn. Org. Chemicals, 3, No. 1 
(Oct., 1929); ibid. 4, No. 5 
(July, 1931). 


Flask 
*1.C.T., 35:86: 
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TABLE 1 


Refr. Ind., 25° % CH3:0H* 


1.3376 
1.3272 
1.3322 
1.3410 
1.3405 
1.3347 


was then raised to a reflux ratio of about six to one, 
and a few drops of distillate were collected. This 


and samples from the three 
sample bulbs, the flask, and 
the original mixture were 
analyzed by means of an 
Abbé refractometer. The 
results are shown in Table 
1. 

The compositions of the 
samples from the two 
lower bulbs were, for this 
article, confirmed by means 
of specific gravity tests, 
but this would not be nec- 
essary for a lecture demon- 
stration. While the re- 
fractometer offers the most 
convenient means of analy- 
sis, it is possible by start- 
ing with a sufficiently large 
quantity of original mix- 
ture, to collect simultane- 
ously samples of such size 
that they may be analyzed 
by rough specific gravity 
methods. Weighing in a 
10-ml. graduate cylinder is 
sufficiently accurate to be 
convincing. 

An instructive variation 
consists in removing the 
internal reflux condenser, 
the difference in the com- 
position of the resulting 
distillate showing the effect 
of fractional condensation. 
Another possibility is the 
demonstration of continu- 
ous fractionation. This is 
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best shown by sealing a side-tube onto the bulb 
of the flask for continuous discharge of the residue. 
The feed may be siphoned into one of the side-tubes 
through a simple sight drop device. In one experi- 
ment the column was insulated with “balsam wool” 
and some residues from a class experiment, contain- 
ing about 17% methanol, were fed continuously into 
the lower bulb. These furnished continuous residue 
and distillate containing 3% and 97% methanol, 
respectively. A tube to permit the insertion of a 
thermometer may be sealed into each bulb so that 
the progressive change in boiling point is demon- 
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strated. In the first experiment described the un- 
corrected temperatures were 90.8° in the flask and 
62.5° at the top of the column. 

For details of the construction one of the original 
articles should be consulted, but it may be said here 
that the apparatus is not so difficult to construct as it 
may seem. That shown in the figure was constructed 
by the writer who is by no means an experienced glass 
worker. 25 mm. pyrex test-tubes were used for the 
bulbs, and standard pyrex tubing for the remainder. 
A commercial blast lamp requiring only water-gas and 
air was used throughout. 





CAMILLE MATIGNON 


CAMILLE MATIGNON, president of the Société 
Chimique de France, died suddenly in Paris on March 
30th. The following account of his work is taken from 
an issue of the News Edition of Industrial and Engineer- 
ing Chemistry of some years ago. The snapshot of 
Prof. Matignon is reproduced through the kindness of 
Prof. C. W. Foulk of The Ohio State University. 


Camille Matignon was born at Saint-Maurice-aux-Riches- 
Hommes (Yonne) January 3, 1867. Upon completion of his 
studies at the Ecole Normale Supérieure in 1889 he became the 
assistant of Marcelin Berthelot at the Collége de France. There 
he began his numerous experiments upon thermochemistry and 
organic chemistry. After receiving his doctorate in 1892 he 
was for a short time instructor at the University of Lille and fre- 
quently acted as substitute for Berthelot in his lectures at the 
Collége de France. He was called to the Sorbonne as assistant 
professor in 1898 and contributed largely to systematizing and 
modernizing the methods of teaching chemistry in France. He 
later published elementary textbooks for use in high schools which 
completely revolutionized chemical instruction in the secondary 
schools of France. 

His researches at this time were concerned with inorganic 
chemistry and especially with the rare earths, vanadium, neo- 
dymium, praseodymium, thorium, samarium, ytterbium, etc., 
during which work he prepared about 70 new compounds. 

He was called to the chair of mineral chemistry of the Collége 
de France in 1908 and, in addition to continuing his previous 
work, began his efforts towards improving the industrial output 
of his country by making better known in France the chemical 
processes employed industrially in foreign countries. His atten- 
tion was particularly directed towards the artificial production 
of nitrogen compounds of importance in agriculture. In col- 
laboration with M. Frejacques he developed, by the intermediary 
of gypsum or nitric acid residues, a catalyst which was employed 
by the Badoise Company for the synthesis of urea and of sulfate 
from ammonia. It is, however, in the field of physical chemistry 
that he has been most active. He has studied particularly ther- 
mochemical problems involving determinations of heats of re- 
action, fusion, vaporization, solution, dilution, etc. Among the 
numerous consequences which he has deduced from this work 
the following may be mentioned: the substitution of a radical 
in an organic molecule causes a variation in the internal energy 
of this latter which is a function both of the nature of the sub- 
stituent and the magnitude of the atom which Serves as a con- 
nection for the radical. Also in regard to the transformation of 


chemical systems it has been found that when monovariant sys- 
tems which contain only pure solid phases and a gas dissociate 
at the same pressure, the variation of entropy in this transforma- 
tion has practically the same value. (This law has been desig- 
nated by Nernst under 
the name Chatelier- 
Matignon.) All sys- 
tems of solids capable 
of yielding, by a re- 
arrangement of the 
atoms, another system 
containing volatile 
compounds, may enter 
into reaction at a tem- 
perature sufficiently 
high. This law, which 
is designated as the 
law of volatility, is a 
generalization of a law 
of Berthelot which is 
limited to acids, bases, 
and salts, and there is 
thus an extension to 
the domain of chem- 
istry of the simple 
physical law that all 
solid substances suffi- 
ciently treated may 
theoretically be con- 
verted to the state of 
vapor. All these laws, 
of which numerous ap- 
plications have been 
made, are in a general 
way the development 
of the fundamentally correct idea of Sainte Claire de Ville of the 
complete analogy between chemical phenomena. 

M. Matignon has also devoted himself to such other subjects 
as the carbide of sodium, monosodium acetylene, carbide of 
aluminum, etc. 

M. Matignon collaborated with M. Paul Kestner and M. Jean 
Gerard in the organization of the Société de Chimie Industrielle 
and of the Journal Chimie et Industrie of which he has been editor 
since its foundation. 


CAMILLE MATIGNON 
1867-1934 


He was an officer of the Legion of Honor and a mem- 
ber of the American Chemical Society. 





CHEMISTRY in SPAIN 


MARY LOUISE FOSTER 


Northampton, Massachusetts 


HE Ninth International Congress of Pure and 

Applied Chemistry is already a matter of history. 

It is enrolled with those other international scien- 
tific meetings held in Spain centuries and centuries 
ago. In the tenth century, Avicenna, ‘‘prince of 
medical men,” drew his colleagues from all parts of 
the world to Cordova to listen to his lectures on Hip- 
pocrates; two centuries later Bishop Raimundo at- 
tracted to his school in Toledo learned men, whose 
Latin translations made Europe familiar with Arabic 
science, and in that same century Avérroes in Cordova 
delivered his commentaries on Aristotle. In the thir- 
teenth century, Alfonso el Sabio invited to Toledo 
scholars from the East to translate into Spanish the 
works of Syria, Chaldea, and Persia on astronomy and 
mineralogy. To be sure, chemistry has today a dif- 
ferent connotation from that of those remote days, but, 
nevertheless, through the centuries the constant aim 
has been to find the composition and constitution of 
matter. We seem nearer to it now than ever before. 
The effort of those early chemists to transmute metals 
seems fairly on the way to realization, but their wild- 
est dreams are as nothing in comparison with the actual 
accomplishment in pure and applied chemistry of the 
men who took part in the conferences of this recent 
great International Congress. 

It was a distinguished audience of over twelve hun- 
dred congresistas, masters in their chosen lines, ac- 
credited representatives from thirty countries as re- 
mote from Spain as the United States, Japan, China, 
Colombia, that assembled in the auditorium of the 
magnificent new cine house, ‘‘Capitol,’’ on the morning 
of the fourth of April. They were all more or less 
closely related, according to the scientific genealogical 
table, as master and pupil. It was, however, cause 
of very special pride to the Spaniards to welcome their 
colleagues to their midst. Their hospitality was un- 
limited and the Congress was a tremendous success 
from every point of view. 

After a few words by Professor Moles, Secretary of 
the Congress, Professor Obdulio Fernandez, president 
of the Congress, opened the session. ‘If our satis- 
faction as chemists is great, for we share the pleasure 
of this invitation to our country with our companions 
from all parts, that, which we as Spaniards feel, is 
much more intense. Chemistry in Spain is beginning 
to respond to the impulse of glorious memory and to 
the necessity of developing the sources of our wealth. 
The stimulus which your presence here communicates 
to us will give breath to more difficult enterprises and 
result in fruitful research.” The President of the 
Republic, Sefior Alcal4 Zaméra, followed and spoke 


in the same strain, saying among other things that he 
sympathized with that philosophy of chemistry that 
sought to benefit humanity in every way, and that he 
wished every success to result from the research of 
those interested in this aspect, but that on the day that 
a government demanded the production of catastrophic 
bombs and asphyxiating gases, he could do no less 
than hope that their minds would refuse to function on 
such research. This point of view was conspicuous in 
the conferences, the program of biochemistry being 
most inspiring in its record of achievement. 

Conferences in the various sections occupied the 
daytime. Four buildings in different parts of the city 
were in constant use: the magnificent new Instituto 
Nacional de Fisica y Quimica, gift of the Rockefeller 
Foundation, the Residencia de Estudiantes, somewhat 
analogous to an English college at Oxford or Cambridge, 
the Escuela Central de Ingenieros Industriales, and the 
Escuela de Ingenieros de Minas. The evenings were 
devoted to banquets, concerts, and theater parties. 
Sunday was given over to excursions by autobus to 
Toledo, Segovia, and Avila—a delightful program, 
thoroughly enjoyed by everyone. One of the auspi- 
cious events was the conferring of the degree of doctor of 
science, honoris causa, upon one representative from 
each country. Professor G. N. Lewis of California 
received the degree for the United States, while Pro- 
fessor Bartow of Iowa was made member of the Acade- 
mia de Ciencias Exactas. 

The conferences represented every aspect of modern 
chemical research, except those related to the history 
of chemistry and the teaching of chemistry, two topics 
of importance from the American point of view. Be- 
sides interesting papers on inorganic and physical chem- 
istry, there was an unusual number of papers on bio- 
chemistry: Bonino (Bolonia) had a paper on the 
Raman spectrum of aromatic nuclei; Kruyt (Utrecht) 
on modern colloid chemistry; Gerlach (Munich) de- 
scribed the use of quantitative methods of spectrum 
analysis in the detection of poisons and abscesses; Kuhn 
of Heidelberg, Karrer of Zurich, and Seidell of Washing- 
ton told of their research on vitamins; Koegel of 
Utrecht not only told of his research on “‘auxinas,”’ 
substances of infinitesimal quantity that enormously 
accelerate the growth of plants, but he showed moving 
pictures that made vivid the activity of these 'catalyzers 
or hormones. These are only a few of the many papers, 
35 in all. Four were from the United States: Lewis, 
Seidell, Bartow, and Dorr. The total number of con- 
ferences and communications was 283, five being from 
the United States. 

President Fernandez, in his opening address of wel- 
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come, spoke of the inspiration to Spanish chemists that 
would undoubtedly result from this Congress. In the 
plans drawn up by the International Committee last 
summer, conspicuous place was given on the program to 
young men. There were a goodly number of these who 
were esteemed worthy of such honor. This is very 
encouraging for Spaniards. 

Spain is rich in mineral wealth. Its mines of pyrite 
are the richest in the world, having yielded during the 
past year 1,831,000 tons for export. Mercury, zinc, 
galena, manganese, phosphate, and potash deposits of 
extraordinary abundance are only a few of the mineral 
deposits. From early Roman times many of the mines 
have been worked. Spaniards have been in no sense 
unaware of the existence of these potential riches, but 
they have lacked initiative in the past, and the mines 
have generally been in the hands of foreigners. The 
situation is changing. That there is change is largely 
due to the constant effort, pressure, and initiative of 
the Junia para Ampliacién de los Estudios Cientificos. 
This is a government committee organized more than 
thirty years ago to improve university education. To 
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this end young men who had successfully finished their 
universtty careers, were sent abroad to study—to Paris, 
to Germany, to England. The committee’s work did 
not end here, for, when these young men returned, 
trained in foreign ways, with their eyes opened to their 
opportunity, the committee provided libraries and labo- 
ratories in which they could carry on their research. 
These young men later became the professors in the 
University of Madrid and in the institutes and universi- 
ties all over Spain. Elementary schools, residencias, 
or dormitories where the social and intellectual life is 
developed and encouraged, have been established for 
both men and women of the Central University. It is 
impossible to tell all that has been done for education 
here by the Junia. That is another and longer story.* 
But this Congress, in charge of the men who have been 
benefited by the ideals of the Junta para Ampliacién de 
los Estudios Cientificos, is the concrete evidence of the 
worth of those ideals. 





* See my article “The triumph of education in Spain,” U. of 
Chicago Magazine, July, 1931. 








A MERCURY SEAL FOR STIRRERS 


D. T. ROGERS 
Rensselaer Polytechnic Institute, Troy, New York 





MERCURY seal made from stainless steel (Alle- 
gheny No. 22) was recently described by the 
author.! This seal (Figure 1) was intended for 

use with different sizes of glass, steel, or brass stirring- 
rods and at relatively low speeds. For this purpose it 
was satisfactory but for use at sus- P 
tained high speeds the seal described 
in this article (Figures 2 and 3) has 
been found more satisfactory. 

To reduce vibra- : 
tion two bearing -—’#—~_ 


surfaces (E) and T 

(F) (Figure 2), f [4 n 

which just allow si! 
free turning of the + 324 ; 

stirring-shaft (A), 7 n 


are fastened to the 
body of the seal. 
In those cases where 
stirring is to be con- 
tinued overnight or 
where very rapid 
stirring is desired, 
it is more conven- 
ient to have the tube Low 
(D), which runs in 
the mercury, rigidly : 
attached to the stirring-shaft (A). This is arranged 


1D. T. Rocsrs, J. Am. Chem. Soc., 55, 4901 (1933). 
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by forcing (C) into (D) and boring (C) so that (C) 


and (D) as a unit can just be slipped 
up and down the stirrer-shaft (A). 
When the desired position is reached 
(determined by the size of the flask 
used) the set-screw (B) maintains the 
adjustment. The shaft (A) and the 
parts (B), (C), and (D) rotate as a unit. 
An absolutely moisture-proof and air- 
tight seal is obtained by applying a 
drop of Insolac to the upper junction 
of (C) and (A). The projection (G), 
on which the bored stopper is placed, 
is tapered (not shown in the diagram). 
Dimensions are such that stoppers can 
be changed without dismantling the 
seal. 

The external features of the seal are 
shown in Figure 3. The stirring-blades 
are so designed that they do not fall 
below a horizontal position but they 
can be pushed up to the vertical when 
the stirrer is being put into the flask. 
A bolt and screw arrangement permits 
easy changing of the blades. 

The entire seal and stirrer are made 
from Allegheny No. 22. Seals made of 
this alloy have been in continuous use 
for over a year in this laboratory and 
are as yet untarnished. 

The seals were made by A. Bigelman, 
1314 Third Avenue, Watervliet, New 
York. 
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CORRESPONDENCE 


THE AUTHOR OF “THE CHEMICAL 
ANALYSIS OF BISMUTH” 


To the Editor 
DEAR SIR: 


Some confusion exists in chemical literature as to 
which member of the famous Geoffroy family wrote the 
paper on “‘The Chemical Analysis of Bismuth’’ which 
was published in 1753. Jagnaux’s ‘Histoire de la 
Chimie” cites ‘“Geoffroy le Jeune’ as the author of this 
paper, and the German translation of it in Crell’s Neues 
chemisches Archiv, 7, 117-30 (1788) appears under the 
name ‘‘Geoffroy der Jiingere.’’ In the early volumes of 
this Archiv, Claude-Joseph Geoffroy’s contributions are 
published under the name Geoffroy der Juingere; in the 
later volumes, his contributions appear simply under 
the name Geoffroy. 

Since the Geoffroy brothers, Etienne-Francois (1672- 
1731) and Claude-Joseph (1685-1752), both made many 
contributions to chemistry, they were distinguished by 
the titles Geoffroy the Elder and Geoffroy the Younger. 
When the latter’s son, Claude-Francois (1728?—1753) 
also distinguished himself as a chemist, he became 
known as ‘‘Geoffroy the Son.” In a series of articles 
on ‘‘Apothicaires membres de |’Académie Royale des 
Sciences” [Revue d'histoire de la pharmacie, 19, 118-26 
(1931); 20, 113-26 (1932)], M. Paul Dorveaux has 
given documentary proof that the famous dissertation 
on bismuth was written, not by Geoffroy the Younger, 
but by his son, Claude-Frangois. The father died in 
March, 1752, while the son was in the midst of his long 
research on bismuth. Claude-Frangois Geoffroy died 
in June of the following year. On pages 14 and 347 of 
my book, ‘‘The Discovery of the Elements,” the name 
Geoffroy the Younger should be changed to read Claude- 
Francois Geoffroy. 

Sincerely yours, 
Mary ELvirA WEEKS 


THE UNIVERSITY OF KANSAS 
LAWRENCE, KANSAS 


DEMONSTRATION OF FRACTION- 
ATING COLUMN. A REPLY 


To the Editor 


DEAR SIR: 


The sweeping criticism by E. C. Wagner [J. Cuem. 
Epuc., 11, 309 (May, 1934)] of our acetone experi- 
ment [ibid., 10, 704 (Nov., 1933)] indicates that the 
critic does not recognize what we are trying to do. 

We are not interested in a short-cut process to yield 
pure acetone. We cannot afford and do not favor 
issuance of high-purity alcohol, Snyder columns, 
addition tubes, and special bent-stem funnels to large 


classes of beginners, mostly ‘‘non-chemists.”” What we 
do wish is a graphic comparison of distillations with 
and without column on an easily handled two-compo- 
nent solution. 

On the other hand, Dr. Wagner’s directions would 
seem to be of distinct value to anybody who simply 
wants to get acetone promptly. Our condemnation 
of hot oxidation of isopropyl alcohol was too broad, 
and should have been confined to our particular type 
of experiment, where the hot method is unsuitable. 


Very truly yours, 


G. Ross ROBERTSON 


UNIVERSITY OF CALIFORNIA 
AT Los ANGELES 


QUALITATIVE ANALYSIS WITHOUT 
HYDROGEN SULFIDE 


To the Editor 
DEAR SIR: 


It was with great pleasure that I read Dr. L. A. 
Munro’s article on “Qualitative Analysis without 
Hydrogen Sulfide’ in the April issue of THis JouRNAL. 
Nevertheless, permit me to remark that I do not agree 
with the author’s sentence, ‘Unlike phosphate this 
precipitate is soluble in alkali” (page 242, the last 
sentence of the fifth paragraph from the bottom of the 
second column). 

To support this argument I should like to cite two 
passages from Treadwell and Hall’s ‘Analytical 
Chemistry” (Vol. I, 8th ed., John Wiley & Sons, Inc., 
New York City, 1932). 

(A) Page 246, the second paragraph under article 4: 
“This precipitate [(NH,)sAsOu-12Mo0Os], like that of the 
corresponding molybdenum compound with phosphoric 
acid, is insoluble in dilute nitric acid solution contain- 
ing ammonium nitrate, but is readily soluble in am- 
monia or caustic alkali solutions.” 

(B) Page 404, the second line from the bottom: 
“Ammonium phosphomolybdate is readily soluble 
in alkalies and in ammonia.” 

Hoping there has been no misunderstanding on my 
part, I remain, 

Yours truly, 
K. V. YACOUBYAN 


ECOLE D’INGENIEURS 
LAUSANNE, SWITZERLAND 


Editor’s Note-——Dr. Munro writes: “I am sorry 
to have to admit that the sentence referred to in Mr. 
Yacoubyan’s letter should have read, ‘Like phosphate, 
this precipitate is soluble in alkali.’ I do not know 
how it escaped me in proof.” 
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KEEPING UP WITH CHEMISTRY 


A possible interpretation of the quantum. W. P. MONTAGUE. 
Sci. Mo., 38, 343-60 (Apr., 1934)—By means of analogy and 
word picture, the author attempts to visualize: (1) the nature 
of Planck’s constant h and the reason for the equation E — hy, 
(2) the reconciliation of the undulatory and corpuscular aspects 
of radiation, (3) the nature of atoms and the manner of their 
discrete but continuous emissions. By a comparison of light 
with its different wave-lengths to walkers whose steps are of 
different length, Montague arrives at the conclusion that Planck’s 
constant h is simply the energy of the standard electromagnetic 
wave of unit frequency. The energy of any other wave, there- 
fore, will be Av. The harmonizing of the undulatory and cor- 
puscular nature of radiation consists in assuming that light ad- 
vances as progressively alternating ‘“‘twist-thrusts’’ like those of 
a corkscrew. Clockwise, then counter-clockwise. If these 
alternating twist-thrusts encounter an obstacle that will neither 
transmit nor reflect light but simply stop it from going forward, 
the energy of its thrust is absorbed without impairing the energy 
of its twist and the wave becomes a particle. Such particles 
would seem to differ from the waves from which they originated 
only in that a twist which loses its forward thrust must continue 
its twisting and become a stationary spinning ae 
.W.S. 
“Unseen light.” Anon. Ind. Bull. of Arthur D. Little, 
Inc., 88, 3-4 (Apr., 1934).—The story of the uses of invisible 
ultra-violet radiation constitutes a vast chapter in the vast sub- 
ject of photochemistry. There are many known industrial appli- 
cations of ultra-violet light and new ones are constantly being 
developed. The photoengraving and blueprinting trades have 
long been using the chemical changes induced in certain sensitive 
papers upon exposure to ultra-violet light. Sterilization of bread, 
cane sugar, eggs, and milk by means of these rays, even steriliza- 
tion of clothing and textiles, are effected by the ultra-violet. In 
conjunction with the photoelectric cell, ultra-violet light may be 
used for invisible signaling or light- beam control of numerous 
operations. Many organic dyes, when irradiated with ultra- 
violet light, gleam with iridescent hues. Minerals, such as wille- 
mite and kunzite, may be separated quickly into concentrates. 
Stains on papers, documents, or textiles may be examined and 
alterations or forgeries detected. The adulteration of foods and 
drugs may be tracked down, and the mineral content in chemical 
and medicinal impurities be detected. The ultra-violet is a 
powerful activating agent, but it must be carefully controlled to 
secure maximum benefit. Many possibilities remain to be in- 
vestigated. G. 
From astonished cows. ANon. Ind. Bull. of Arthur D. 
Little, Inc., 88, 3 (Apr., 1934).—Casein paint was selected by 
Joseph Urban, ‘after much experimentation, for the exterior and 
interior decoration of the buildings at the Century of Progress 
Exhibition, principally because of its very high reflectivity so 
that night illumination could measurably approach day effects 
and because of its ability to hold brilliant or even garish colors. 
Formerly casein paints contained low-grade pigments, but today 
the better grades contain the finest high-power pigments. This 
paint is not recommended for long-time protection of wood or 
metal outdoors because of the porosity of its films. This porosity, 
however, is often an advantage because the paint can be applied 
to wet plaster and because of its high lime resistance (a rare 
quality in paints) over wet cement or lime mortar. Casein 
paints must not be thought of as highly competitive with oil 
paints, but casein paint fills the great need of a decorative and 
light-reflective paint which can be applied easily by brush or 
spray. It is particularly suitable for use in cellars, warehouses, 
and factories as well as for all temporary constructions tay 
theaters. G. 
Resins from petroleum. ANon. Ind. Bull. ‘a Pog D. 
Little, Inc., 88, 2-3 (Apr., 1934)—Development of these resins 
is of particular interest because of the plentiful supply of raw 


materials available and because of the remarkable success which 
American chemists have achieved in other petroleum derivatives 
and related aliphatic materials. The recent acquisition by the 
Monsanto Chemical Co. of a process for their manufacture ap- 
parently assures them the industrial support necessary to demon- 
strate their advantages. These resins are closely related to the 
unwelcome gums formed during the production of gasoline by the 
cracking of petroleum distillates. They are manufactured by 
treating a cracked petroleum distillate with anhydrous alumi- 
num chloride under conditions which accelerate rather than re- 
tard the formation of residues, yet carefully controlled so as to 
produce resins of desired properties, varying from deeply red 
soft resins to a very hard resin of amber yellow. Resins of this 
latter type dissolve readily in drying oils such as linseed or china- 
wood oil. Such resins are finding considerable application in 
quick-drying varnishes. The hard resins are also soluble in 
practically all hydrocarbon solvents. These plastics can be 
molded and have been used for steering wheels, tool handles, and 
electrical fixtures. With ordinary fillers they are high-melting- 
point thermoplastics. G. O. 
Eutectic ice. ANon. Ind. Bull. of Arthur D. Little, Inc., 
88, 2 (Apr., 1934).—Salt ice or frozen sodium chloride brine is 
now being introduced for use in refrigerated delivery trucks, store 
cabinets, railroad L.C.L. containers, and in various places where 
dry ice, mixtures of ice and rock salt, or mechanical refrigeration 
have been generally utilized. This ice is available in two forms: 
small, loose, broken ribbons or compressed blocks weighing ap- 
proximately 30 pounds each. Refrigerating units have been de- 
signed for salt ice which claim a temperature of 0°F. in ice cream 
delivery trucks even on hot summer days. The new refrigerant 
is made from brine composed of 23% salt and 77% water by 
weight. The machine used for manufacturing it is the same as 
the one which has been used for making fresh-water ice in broken 
ribbons. In the process of manufacture a metal cylinder with 
calcium chloride brine at —30°F. on the inside rotates slowly in 
the sodium chloride brine to be frozen. Heat is rapidly ex- 
tracted through the wall of the cylinder. As the ice is formed in 
thin sheets, it is peeled off and dropped into storage bins. This 
type of ice is especially interesting to manufacturers and shippers 
requiring solid refrigerants in wholesale quantities and to ice 
companies in localities where market possibilities justify distribu- 
tion facilities. The frozen brine melts at a temperature lower 
and more uniform than can be obtained with mixtures of crushed 
ice and salt. No mixing is necessary and no sludge or precipi- 
tate remains after melting. G. O. 
An electric eye for color. ANon: Jnd. Bull. of Arthur D. 
Little, Inc., 88, 1-2 (Apr., 1934).—Color is an important speci- 
fication, and is used as an indication of quality or the basis of 
grading in a great many industries such as textiles, paper, food, 
medicinals, beverages, building materials, as well as dyestuffs, 
paints, and ink. Color-measuring instruments using the photo- 
electric cell have been developed to a stage of practical industrial 
usefulness. There are many types of these instruments, for no 
one type is feasible for all color problems. Manufacturers should 
have no difficulty in securing instruments which can be effectively 
fitted into the routine of plant and laboratory. 
Chemical industry’s advance in Soviet Union. : ANON. 


Chem. 
& Met. Eng., 41, 176-7 (Apr., 19384).—During the first five-year 
plan the chemical industries ranked third in capital investment. 
Formerly all pyrite used in sulfuric acid manufacture was im- 


ported; now domestic deposits, metallurgical by-products, and 
smelter gas are being utilized. The present production is almost 
1,000,000 metric tons per year. Several important phosphate de- 
posits have been discovered and superphosphate fertilizer is 
being produced in large amounts. A deposit of nepheline (an 
alkali-aluminum silicate) is being used in the production of 
aluminum oxide, glass, ceramics, and for leather tanning and 
soil preparation. 
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A potash deposit at Solikamsk will produce 3,000,000 tons per 
year when the present development iscompleted. Large chemi- 
cal plants are using the by-products of the coke plants built in 
connection with the steel mills. The power plant at Dnieper 
is producing chlorine and alkali, calcium carbide, abrasives, 
oxidizing agents, metallic sodium and magnesium, acetic acid, 
and synthetic solvents. Important developments are plants for 
production of viscose, rayon, turpentine, rosin, paint, varnish, 
lacquer, methanol, butanol, and acetone. 

A plant has been erected for the production of synthetic rubber 
by the divinyl process. Progress in the petroleum industry has 
come up to the program mapped out. 

All of this expansion has made necessary an elaborate educa- 
tional program for the training of skilled workers, —. 
and engineers. if 

Continuity of operation a feature of modern alcohol distillery. 
R. R. Cotiins. Chem. & Met. Eng., 41, 171-5 (Apr., 1934).— 
The recently completed industrial alcohol plant at Everett, Mass., 
is an interesting example of a modern plant for making ethyl 
alcohol by the fermentation of blackstrap molasses. While the 
conventional steps are followed, the principal of centralized con- 
trol is utilized to an extent which makes it possible for an oper- 
ator stationed at the control gallery to observe and regulate the 
performance of practically the entire plant. 2. Wie, 

New process gives improvement in superphosphate quality. 
M.SHOELD. Chem. & Met. Eng., 41, 178-82 (Apr., 1934).—The 
Oberphos process produces a superphosphate which is non-set- 
tling, granular, free-flowing, and readily mixable. Smaller quanti- 
ties of acid are required and a lower grade of phosphate rock can 
be used than in other processes. The ground rock is treated in a 
closed, horizontal, rotary autoclave 20 ft. long by 6 ft. in diameter 
in the middle, tapering to 5 ft. in diameter at both ends. As 
soon as the rock and acid have entered the shell it is sealed and 
direct steam is introduced to the extent of 30 to 50 Ib. per ton of 
material. During the reaction the pressure ranges from 60 to 
70 Ib. at 300°F. Pressure is maintained 20 to 30 minutes. 
The material is dried under vacuum and ground before use. As 
produced it usually runs 8 to 9% water but this may be further 
reduced. 

It is the temperature obtainable under the pressure used, with- 
out loss of water, which accelerates the reaction. He W. H. 

Face lifting for metals. ANon. Ind. Bull. of Arthur D. 
Little, Inc., 89, 3-4 (May, 1934).—Notable progress is being made 
in electroplating and other means of covering corrosive metals 


APPARATUS, DEMONSTRATIONS, 


An inexpensive efficient relay. P. T. Biacx. Science, 79, 
322 (Apr. 6, 1934).—A closed rectangular soft-glass tube is about 
half-filled with mercury and the remaining space is filled with 
hydrogen gas. Two electrodes are sealed into one arm and op- 
posite them in the other arm is placed an iron float. 

A coil of fine wire is so placed outside the tube and surrounding 
a portion of it that, when excited by a small direct current, it 
will, by moving the iron float, lift or depress the mercury surface 
exposing or covering the second contact. The relay will handle 
110 volts at 12 amperes without arcing. G. H. W. 

A simple proof of the different carbon dioxide content of so- 
dium carbonate and sodium bicarbonate. A. RossNER. Z. 
phys. chem. Unterricht, 47, 16 (Jan.-Feb., 1934).—Placé a known 
quantity of a dilute solution of sodium bicarbonate in a 700-cc. 
Erlenmeyer flask containing a small test-tube filled with dilute 
sulfuric acid. Close the flask with a 1-hole rubber stopper 
fitted with a glass tube and rubber tubing which connects to a 
gas buret inverted over a saturated solution of sodium chloride. 
Slant the Erlenmeyer flask so that the sulfuric acid will react with 
the sodium bicarbonate solution. When the evolution of carbon 
dioxide has stopped measure the volume of gas in the gas buret. 

Now take the same quantity of sodium bicarbonate solution, 
dilute with an equal quantity of water, boil for at least 10 minutes, 
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by resistant metals. Two new economical types of plating 
solutions, non-poisonous and more readily controlled than cy- 
anide baths, are under development. Hot galvanizing is being 
challenged by a new process for plating steel wire directly from 
zinc ore-concentrate leachings. There is a possibility of plating 
small objects with chromium in tumbling barrels. There is 
an electrodeposited alloy of cobalt and nickel which after a 
short heat treatment resembles silver, but unlike silver resists 
corrosion and tarnish, and its cost appears to be low enough to 
permit its use not only for ‘‘silver’’ ware, jewelry, etc., but for 
many sorts of hardware and fittings as well. Air-way "beacons 
have had their reflectors plated with this alloy and then with a 
thin plate of rhodium. Platinum is seriously proposed for re- 
placing chromium in certain applications. A recent process 
electroplates nickel on steel so tenaciously that sheet steel so 
plated may be safely stamped into small products (the cut edges 
of course remaining bare). Very large objects such as worn 
automobile radiators or metal trim may be now plated by brush 
plating. The part to be plated is made the cathode and the 
anode is built into a brush the size of an ordinary paint brush, 
the plating being accomplished by merely dipping the brush 
into a suitable electrolyte and applying it as in painting. The 
electrolytic bright dip method consists first of ordinary electro- 
lytic pickling with the metal to be cleaned as the cathode; and 
in the second stage as the anode acquires a brilliant, chemically 
clean surface in a very carefully controlled concentrated acid 
solution. The Bullard-Dunn process is used particularly to 
clean gears. Lead linings have long been used for steel chemical 
equipment. Now these are protected by rolling out with a lead 
ingot a plate of highly corrosion-resistant silver-lead alloy. 
Nickel and steel iave been for some years rolled together. Car- 
bon steel clad with stainless steel is overcoming its problems. 
Likewise, considerable progress has been made in the applica- 
tion of organic coatings to metals. Especially interesting is the 
bonding of felted material to steel by means of a metallic adhe- 
sive; for example, asbestos felt is pressed to terne- (a lead-tin 
alloy) plated steel and heated to the melting point of the terne 
plate, a firm bond resulting. The felted material then may be 
saturated with a protective material, such as asphalt, or a 
phenolic (Bakelite-type) resin. If desired it may be laminated 
to other impregnated sheets, giving a variety of pattern and 
appearance. This type of chemical research provides possibilities 
to the paint industry as well. Pliolite and the Harvels present 
other possibilities. G. O. 


AND LABORATORY PRACTICE 


let cool, and transfer quantitatively to the Erlenmeyer flask. 
Continue the experiment as outlined above. This time only 
half the volume of carbon dioxide will be formed. 

This simple method gives fairly accurate results. The follow- 
ing results were obtained in duplicate determinations using 7.5 
cc. samples of a sodium bicarbonate solution of unknown strength: 
(1) 16.2 cc. and 8.0 cc. CO2; (2) 16.2 cc. and 7.9 cc. COs. 

Ss) 


L. S. 
Directions for the laboratory demonstration of the industrial 


manufacture of phosphorus. K. KELLERMANN. Z. phys. 
chem. Unterricht, 47, 17-8 (Jan.-Feb., 1934).—Detailed direc- 
tions are given for the demonstration in the laboratory of the 
industrial manufacture of phosphorus by thermal reduction of 
bone ash by means of sand and coal. L. S. 
Molecular-weight determinations in schools. W. Bauropr. 
Z. phys. chem. Unterricht, 47, 9-16 (Jan.-Feb., 1934).—Detailed 
directions are given for the determination of molecular weights 
by means of the freezing-point lowering and the boiling-point 
elevation methods using simple and inexpensive pieces of appara- 
tus. Numerical examples are included and solved. Seven 
tables give data on the freezing points and boiling points of aque- 
ous solutions of a number of organic and inorganic compounds. 
L. S. 


PROFESSIONAL 


How to prepare for chemical equipment design. D. F. Orn- 
MER. Chem. & Met. Eng., 41, 187 (Apr., 1934).—The charac- 
teristics required by the successful designer of chemical equipment 
are essentially the same as those of the designing engineer in most 
other fields with the exception that a highly developed imagina- 
tion is usually of somewhat greater value. 

The training obtained in connection with getting a bachelor’s 
or advanced degree is almost a prerequisite as this gives the neces- 
sary knowledge of fundamental principles. Published material, 


engineering books, periodicals, catalogs, and company bulletins 
come next as an aid. A corollary to this is plant inspection and 
examination of processes and equipment whenever the oppor- 
tunity presents itself. Probably the most valuable phase of 
the background is experience gained by consultation with others 
and actual experience on projects. As plant failures may be 
due to either technological or economic miscalculations, these 
two features should be studied simultaneously in development 
work, dl De. Ae: Bs 





RECENT BOOKS 


AN INTRODUCTION TO THE TEACHING OF SCIENCE. Elliot R. 
Downing, The Department of Education, The University of 
Chicago. The University of Chicago Press, Chicago, IIl., 
1934. vii+258 pp. 13.5X19.5cm. $2.00. 


Although this volume is announced on its title page as “A 
Revision of Teaching Science in the Schools,” it is in reality, 
as the author states in his preface, a new book. 

It is worthy of mention at the outset that, in view of the 
subject matter it covers and the considerable collection of data 
it contains, the book is unusually readable. The author has 
employed plain, straightforward English in preference to 
“‘pedagese,” throughout. Such more or less technical terms as 
are necessary are usually explained both by definition and illus- 
tration. The author maintains consistently the point of view of 
the practicing teacher rather than that of the educational 
technician. 

The volume opens appropriately with a chapter on “Major 
Goals and Specific Objectives.”” The second chapter is devoted 
to a discussion of the essentials of what the author has chosen 
to call ‘“‘consumer science,” as distinguished from ‘producer 
science.” Chapters on “The Important Principles,’ ‘Skill 
in Scientific Thinking,’ ‘“Emotionalized Standards,’ and ‘‘The 
Science Curriculum” follow. Chapter 7 is an excellent exposition 
of the unit method of organizing and presenting subject matter. 

Chapter 8 constitutes a brief but adequate summary of 
“Studies of the Methods of Teaching Science.” The vexed 
question of individual laboratory work versus lecture demon- 
strations is fairly presented and discussed. A bibliography of 
studies on this subject is included, as well as a summarized 
tabulation of data. 

Chapter 9 is a rather detailed discussion of ‘Supervised Study.” 
In his introduction to this chapter the author makes the point 
that comparative studies of teaching methods often show very 
slight differences because the studies often deal with the mere 
mechanics of instruction rather than with the real technics of 
teaching. He emphasizes the importance of helping the pupils 
to acquire skill in learning and remarks the futility of attempting 
to “learn ’em.”’ 

Chapter 10 discusses the utility, the formulation, and the de- 
sirable characteristics of standardized tests. Several brief models 
for the teacher are included, as well as a selected list of com- 
mercially available tests. 

The concluding chapter, on ‘‘Present Conditions,’’ discusses 
preparation of science teachers, the teaching load, the demand 
for teachers of science, salaries, and opportunities for improve- 
ment in service. Available literature on laboratory layout and 
furniture, on apparatus and supplies, and on science libraries is 
summarized. The chapter concludes with a consideration of the 
decline in enrolment experienced by all science subjects except 
chemistry in recent years. The author interprets this trend as a 
result of the competition of many new secondary-school subjects 
rather than as an evidence of decreasing interest in science. 

References are not interspersed throughout the text, but a 
complete bibliography is appended and there is little difficulty 
in locating any reference desired. 

Some of the specifically chemical subject matter, drawn from 
educational studies and reports, might have been improved by 
more careful wording. The author himself arranges the elements 
periodically in the order of atomic weights rather than that of 
atomic numbers (p. 15). These, however, are minor defects, 
utterly inconsequential in comparison with the real merits of the 
book. OTTO REINMUTH 


EXERCISES IN SECOND YEAR CHEMISTRY. William H. Chapin, 
Oberlin College. Third Edition. John Wiley & Sons, Inc., 
New York City, 1934. xiii + 255 pp. 34 Figs. 15 X 25 cm. 
$2.50. 


This book is designed to accompany the author’s text, ‘‘Second 
Year College Chemistry.” It is divided into two main parts. 


Part I, which deals with theoretical problems, contains sixty-one 
exercises on the following topics: Use of a balance and of volu- 
metric apparatus, kinetic theory of gases, gas laws, change of 
state, molecular weights, atomic weights and the laws of weight 
relationships, valence, solubility, depression of the freezing point, 
ionic theory, homogeneous and heterogeneous equilibria, indi- 
cators, complex ions, colloids, and electrochemistry. Part II 
is entitled Quantitative Analysis. It contains twenty-five 
exercises dealing with the following subjects: measurements of 
acids and bases, gravimetric analysis, volumetric precipitation, 
volumetric oxidations and reductions, and electro-analysis. 

No complicated or very expensive apparatus is needed for the 
performance of the experiments. The directions are complete 
and should be easy to follow. Sample calculations frequently 
appear. Experiments dealing with practical problems pre- 
dominate, and are used to illustrate theoretical topics. The 
experiments on pH are particularly good. The quantitative 
aspect of the experiment is emphasized as much as possible 
considering the previous chemistry training of the students. 
The book is well written and quite free from mistakes. It should 
be provided with an index. 

The book certainly covers the experimental side of the work 
included in the ‘“‘Second Year College Chemistry.’’ The experi- 
ments in the first part, which are often presented in courses in 
elementary physical chemistry to third- or fourth-year students 
are not quite as complete or precise as those usually presented to 
such students or as those experiments in the second part which 
deal with Quantitative Analysis. This choice is made necessary 
by the sequence of courses followed at Oberlin and at other 
schools which have adopted their system. 

Some readers will feel that in a work of this kind designed to 
emphasize the fundamental principles of chemistry, more space 
should be devoted to a discussion of electrode potentials as a 
measure of the driving force of oxidation-reduction reactions. A 
good start in this direction is made in Chapter XXI. The 
reviewer feels that this start might have been made in Chapter 
XVIII and that in the latter chapter more details of more ex- 
amples might have been given. E. RoGER WASHBURN 

UNIVERSITY OF NEBRASKA 

LINCOLN, NEB. 


CHEMISCHE UNTERRICHTSVERSUCHE. Prof. Dr. H. Rheinboldt, 
Bonn. With an introduction by Prof. Dr. Paul Pfeiffer, 
Bonn. Theodor Steinkopff, Dresden, 1934. xx + 326 pp. 
112 Figs. RM. 10. 


Although the title of the book under review suggests that it is 
either a compendium of lecture demonstrations or a laboratory 
manual to be used in connection with classes in general chem- 
istry, it really has a far broader and more important aim. Its 
major objective is the training of teachers in the setting-up of 
lecture demonstrations and in the technics which they must 


impart to their students. This objective, important as it is, 
seems to the reviewer to have been almost entirely neglected in 
this country, not only by authors of books, but in the courses 
available to prospective teachers. The present book is, there- 
fore, a valuable addition to chemical literature and one which 
every teacher in high school or college will wish to possess. 

The numerous experiments are described in the greatest 
possible detail with a large number (112) of excellent illustrations, 
and are supplemented by extensive references to the literature 
with particular emphasis on historical aspects. The experi- 
ments range in difficulty from those suitable for student work 
in elementary courses to those requiring more complicated 
devices intended for lecture demonstrations. Even the simplest 
experiments frequently are presented with a sufficient degree of 
novelty to be very suggestive to the teacher anxious to improve 
his laboratory instruction. In every instance the directions are 
very complete and precise. 

The first part of the book, after a brief but excellent analysis 
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of the objectives of lecture demonstrations and student experi- 
ments gives general directions for construction of laboratory 
apparatus and a detailed description of methods for the prepa- 
ration, handling, and liquefaction of gases, with special attention 
to the gases most commonly used in the laboratory. The second, 
by far the larger, part of the book is essentially a laboratory 
manual for teacher-training courses. 

This part contains a very large number of main experiments 
(252) and many minor ones (over 300) which are essentially 
tests on the substances prepared. In working through the manual 
a student will gradually improve his general experimental 
technic and will learn to construct many different types of 
apparatus, such as a muffle furnace, tube furnaces of various 
kinds, an electric furnace for the demonstration of the manu- 
facture of phosphorus, devices for showing syntheses of and 
thermal dissociation of gases at high temperatures, apparatus 
for electrolytic preparations and for various types of catalytic 
processes, and a great variety of apparatus constructed of glass. 

The subject matter illustrated by these experiments is very 
broad, covering as it does every important phase of general 
chemistry. The point of view is not wholly preparative; the 
properties of the elements and compounds to be prepared are 
illustrated in very ample fashion. Thus with the preparation of 
hydrogen, there are given experiments on catalytic hydro- 
genation, with the preparation of oxygen experiments on its 
separation from hydrogen by diffusion, on the production of 
oxygen by plants, on dust explosions, on catalytic oxidation, 
with the preparation of hydrogen sulfide experiments on its 
liquefaction, its thermal dissociation and its catalytic oxidation, 
etc. Not only is there a wealth of such illustrative material, 
but a great variety of methods of preparation is described. Under 
the metals, for example, reduction of their compounds by hydro- 
gen, by carbon, by carbon monoxide, by aluminum, by iron, and 
by electrolytic processes is illustrated. The substances prepared 
include all those commonly made by students in general chem- 
istry, as well as very many usually taken up only in more ad- 
vanced courses in inorganic preparations. In some ways the 
book will, therefore, be valuable in the latter type of work; 
its disadvantage for this purpose is that little or no emphasis is 
placed on yields and that in many instances only enough of the 
substance is prepared to give evidence of its formation. : 

The book is excellently put together. It has a very excellent 
index. The only criticism that the reviewer might venture to 
make is that, in the desire for ‘“‘elegance,’’ the experimental 
set-up described is often far more complicated than is either 
necessary or desirable. But such a defect is easily corrected in 
using the book, which can be highly recommended. 

H. I. SCHLESINGER 


UNIVERSITY OF CHICAGO 
Curcaco, IL. 


ORGANIC SYNTHESES, VoL. XIV. W. H. Hartman, Editor-in- 
chief. John Wiley & Sons, Inc., New York City, 1934. 
vii + 100 pp. 2 Figs. 15 X 23cm. $1.75. 


Volume XIV of Organic Syntheses contains directions for 
preparation of the following substances: aceto-p-cymene, 
benzanthrone, benzopinacol, 6-benzopinacolone, o-bromophenol, 
B-chloroethyl methyl] sulfide, decamethylene glycol, diazoamino- 
benzene, {-diethylaminoethyl alcohol, 2,6-dimethylpyridine, 
diphenylmethane, diphenyl sulfide, ethyl acetosuccinate, gall- 
acetophenone, glycerol a,y-dibromohydrin, glycine ethyl ester 
hydrochloride, p-hydroxybenzoic acid, 2-hydroxy-3,5-diiodo- 
benzoic acid, 6-hydroxyethyl methyl sulfide, d/-methionine, 5- 
methylfurfural, p-nitrodiphenyl ether, nitromesitylene, p-nitro- 
phenyl isocyanate, nitrothiophene, d/-8-phenylalanine. 

There are also, as usual, a number of references to later work 
concerned with preparations described in previous volumes, and a 
few additions and corrections for preceding volumes. We are 
particularly glad to find among these additions, a communica- 
tion regarding the preparation of m-heptyl alcohol, for there is 
still fresh in our mind an unfortunate experience with one of those 
“frequently noted lots of iron filings’ with which we were 
unable to reduce n-heptaldehyde successfully. 
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An improved method for preparing d/-methionine should be 
welcomed by biochemists. Earlier in the volume we find di- 
rections for preparing 6-chloroethyl methyl sulfide which enters 
into the d/-methionine preparation. 

The reduction of ethyl sebacate by the Bouveault-Blanc 
method illustrates a general reaction by which other glycols, 
and simple alcohols as well, can be made. A number of glycols, 
prepared by the checkers according to the directions given, are 
listed in the notes following the description of experimental 
procedure. Information like the above, regarding the scope of 
a type reaction, is particularly valuable in a volume like the 
one under discussion, and we are glad to note that similar in- 
formation is to be found following the descriptions of certain of 
the other preparations. 

Volume XIV of Organic Syntheses is a worthy addition to a 
series which is indispensable to the organic chemist. 

NATHAN L. DRAKE 


UNIVERSITY OF MARYLAND 
CoLLEGE PaRK, Mp. 


ELEMENTARY QUALITATIVE ANALysis. F. M. Brewer, Oxford 
University. Oxford University Press, New York City, 1933. 
viii + 228. 12 X 18cm. $2.00. 


Here is a new approach to the study of qualitative analysis. 
The author has built up this text around the relation of the ana- 
lytical schemes and methods of detection to the periodic table. 

After a brief introduction bearing on the theoretical basis of 
qualitative analysis, some fifty pages are given over to the proper- 
ties and methods of identification of the common anions, and a 
somewhat greater space is devoted to the common cations. The 
conventional methods and schemes are employed, though in 
the cation schemes the author has included in his ‘First Main 
Group” the ions of GroupsI and II. His “Second Main Group” 
comprises the usual Group III cations and the ‘‘Third Main 
Group” includes the alkaline earth and alkali metals. The 
newer tests, reagents, or methods seem not tobe given. Equa- 
tions are given in molecular form. Applications to equilibrium 
theory are not emphasized. 

Procedures are given for the analysis of a single substance and 
for a mixture of substances. The usual ‘‘flow-sheets”’ or diagram- 
matic presentations, so familiar in other tests, are lacking, though 
directions are clearly and fully given. 

The author is to be complimented for the way in which he has 
correlated periodic properties with analytical behavior. Greater 
stressing of fundamental theory, ionic equations, and condensed 
procedures would make the book more complete and simpler for 
the beginning student to follow. The text might be used very 
profitably in conjunction with a course in inorganic chemistry. 

Cari J. ENGELDER 

THE UNIVERSITY OF PITTSBURGH 

PITTSBURGH, PA. 
Harry N. Holmes, Pro- 
John Wiley & Sons, 
15 X 23 


INTRODUCTORY COLLOID CHEMISTRY. 
fessor of Chemistry, Oberlin College. 
Inc., New York City, 1934. xiv + 198 pp. 34 Figs. 
cm. $2.50. 


The appearance of this volume simultaneously with the third 
edition of the Laboratory Manual of Colloid Chemistry by the 
same author is of considerable interest to students of this rapidly 
growing field of chemistry. In no sense should it be considered 
as a companion book to the manual even though the subject 
matter is arranged in almost the same order. In fact, introductory 
paragraphs of many of the chapters are almost identical in many 
instances with those in the manual. There are many additional 
points of similarity to the author’s laboratory manual. Among 
them we find directions for a number of experiments, so that 
this volume is something of a combination elementary text 
and laboratory manual. The experiments as given do not de- 
tract from the value of the book in the least. This volume 
should only be considered as an introductory and elementary 
book on the subject. As such it covers a surprising amount of 
material which in the main is well arranged and interestingly 
written. 
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As Professor Holmes states, this text was written in response 
to a general demand for a short, clear, yet moderately compre- 
hensive statement of the fundamentals of colloid chemistry. 
In the main the author has fulfilled his purpose admirably. 
The treatment is non-mathematical and as a result the theories 
and principles of the subject are presented in a qualitative 
rather than quantitative fashion. Some rather loose statements 
appear, as, for example, the opening sentence of Chapter IX, 
“There are two general classes of colloids.”” The author here 
refers to colloidal solutions and it should be so stated for readers 
will be led to the conclusion that liquids constitute the only 
possible medium in which colloids may exist. The chapter on 
‘Electrical Properties’? seems somewhat brief compared to 
the importance of the subject. The chapters on ‘‘Emulsions”’ 
and the “Colloid Chemistry of Protein” are especially well 
handled. 

The greatest appeal of this work will be found among those 
students who wish to obtain a reasonably complete picture of 
the field of colloid chemistry without having to spend too much 
time in acquiring it. Students entering such fields as medicine, 
agriculture, etc., will find it particularly valuable. Chemistry 
majors will find it helpful as an introduction to colloid chemistry 
and it may prove to be all that is needed except for those specializ- 
ing in this or related fields. Because the subject comes so close 
to everyday life, teachers of high-school chemistry will find much 
that they can use to make their subject more interesting and 
stimulating to that large group whose only contact with chem- 
istry comes in the high school. L. H. REYERSON 

UNIVERSITY OF MINNESOTA 

MINNEAPOLIS, MINN. 


LABORATORY MANUAL OF CoLLormp CHEmistTRY. Harry N. 
Holmes, Professor of Chemistry, Oberlin College. Third 
edition. John Wiley & Sons, Inc., New York City, 1934. 
xvii + 229pp. 60 Figs. 15 X 23cm. $3.25. 


This edition of Professor Holmes’s excellent Laboratory 
Manual of Colloid Chemistry is an improvement over the second 
edition if that is possible. There is some rearrangement in the 
grouping of the experiments with the substitution of new for old 
material. In addition a greater variety of methods is introduced. 
The two chapters on non-aqueous colloidal systems and catalysis 
and colloid chemistry appear for the first time. These cover two 
rapidly developing fields of the subject and are important addi- 
tions to this well-conceived manual. In the use of this book 
the student finds excellent directions for carrying out the experi- 
ments. He is also urged to consult the original sources in the 
literature and these are carefully chosen and fully given. This 
feature alone makes the work a stimulating one for the inquiring 
student. In this edition the references are found as footnotes 
instead of appearing in the text proper. The reviewer considers 
this a decided improvement as it does not tend to distract the 
reader. 

As stated in the preface to the first edition, this book was 
written to provide ‘‘a suitable laboratory manual to advance the 
teaching of colloid chemistry, and for the lack of such a book 
instruction has lagged.’’ This edition fulfils the purpose for 
which it was intended to an even greater degree than the previous 
editions. The reviewer has used the previous editions in a 
laboratory course in colloid chemistry for a number of years. 
The students have always found the experiments to be workable 
and they have almost without exception been stimulated by this 
their first contact with the field of colloid chemistry. Since the 
previous editions fulfilled their purposes so well it is certain 
that this volume will find a wider and greater usefulness. 

There are two hundred forty experiments in this edition as 
compared to two hundred twenty-five in the previous one. 
Wherever necessary, illustrations and figures complete the di- 
rections to the student. The format of the book is excellent and 
there are very few typographical errors. Some of the names of 
investigators appearing in the text are omitted from the author 
index. This is not a serious omission since references to the 
original work are given throughout the book. The reviewer 
notes an unusual spelling of Frumkin’s name which he is unable 
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to find in any of Frumkin’s published work. Such a spelling is 
likely to be misleading to the student who attempts to look up 
the references. 

This work will be most valuable for those students who wish 
to acquire the unusual technics needed for work in the field of 
colloids. The student who performs the majority of the experi- 
ments will have a fairly complete picture of the laboratory side 
of the subject. The discussions accompanying the experiments 
will also have served to introduce him in a qualitative way to 
many of the fundamental concepts of the subject. 

L. H. REYERSON 

UNIVERSITY OF MINNESOTA 

MINNEAPOLIS, MINN. 


INDUSTRIALIZED Russrta. Alcan Hirsch, Ph.D., Consulting 
Chemical Engineer. With preface by Maurice Hindus. The 
Chemical Catalog Co., Inc., New York City, 1934. 309 pp. 
20.25 X 13.75cem. $3.00. 

Regardless of what one may think of the governmental régime 
now guiding the destiny of Russia one cannot help but be im- 
pressed by the truly remarkable growth of the basic industries 
that has taken place there during the last few years. Dr. Hirsch 
in his book entitled ‘Industrialized Russia’ has told the story 
in an extremely interesting and convincing manner. His book 
represents what might be called a popular report on one of the 
most gigantic industrial experiments ever carried on by man. 

Dr. Hirsch, due to his prominent position as consultant for 
the chemical industry of Russia, has had the opportunity of 
discussing basic policies and scrutinizing statistics which would 
not be available to the ordinary American engineer working 
in Russia. His direct contact with leaders in the government 
and with Russians who are responsible for the policies and 
the activities of Russian industry has given him a different 
view of the situation from that of many of the writers who have 
gone before him. 

This fascinating story is so well written that one does not 
realize that he is reading a mass of statistics. It will undoubtedly 
appeal to all teachers or others who are interested in industrial 
chemistry, and it is well worth the time and trouble of such a 
reader. 

The author not only reviews the present situation and shows 
what has been done, but he expresses the hopes and ambitions 
of the Russian people in their forthcoming second five-year 
plan. It is interesting to note that the basic industries were 
their first objective, whereas their second objective includes 
some of the luxuries, the things that are so common to everyone 
in this country. If this can be accomplished it should un- 
doubtedly lighten the evidently drab life of the Russian citizen 
as it exists today. 

The keynote of the whole book can be stated in the final words 
of the author as follows: “Our admiration should not be for the 
heights to which this interesting nation has reached in this 
stage of its development but rather the depths from which it has 
so painfully climbed.” 5 

However one views the premises and conclusions of the author, 
it cannot be denied that he has given us an eminently readable 
and thought-provoking book. We shall all await with interest 
Dr. Hirsch’s report on the results of the second five-year plan. 

D. B. Keyes 

UNIVERSITY OF ILLINOIS 

URBANA, ILL. 


MISCELLANEOUS PUBLICATIONS 


ANTIRACHITIC ACTIVITY OF VITAMIN D SUPPLEMENTS FOR 
Pouttry. H. A. Halvorson and L. L. Lachat, Chemists, 
Division of Feed and Fertilizer Control, Dept. of Agriculture 
Dairy and Food, St. Paul, Minnesota. April, 1934. 16 pp. 
Free upon request. 

“1000 AND ONE,” THE BLUE Book oF NON-THEATRICAL FILMS. 
Tenth edition. Edited by Nelson L. Greene, Chairman, Evelyn 
J. Baker, Josephine F. Hoffman, F. Dean McClusky. The 
Educational Screen, Inc., Chicago, Ill. 1934. 128 pp. 10.5 
X 18cm. Paper-bound. $0.75. (To Educational Screen sub- 
scribers, $0.25.) 














Photoelectrically Balanced Recording Potentiometer 


In this radically new type of recorder-controller a sensitive 
mirror-galvanometer is the primary controlling element in which 
an inertialess beam of light takes the place of the customary 
metal boom or pointer. The beam of light from the galva- 
nometer to a photocell is interrupted by right and left shutters 
operated in synchronism with electric contacts in an electro- 
magnetic circuit through which in turn are operated the mov- 
ing contact of the Wheatstone bridge or potentiometer, and the 
recording and controlling mechanisms. The photocell is not a 
calibrated element but serves only to detect the direction of the 
light beam and to bring the galvanometer to zero deflection, ac- 
cording to the well-known null method of balancing an electric 
circuit. The new instrument, therefore, is not a ‘‘photoelectric 
potentiometer” in the sense that a balance of photoelectric cur- 
rents is implied. 

It is evident that the galvanometer is free at all times from 
mechanical engagement, and this fact together with its low 
moment of inertia permits rapid balancing and control actions. 
Furthermore, a high current sensitivity is available, permitting 
the use of high resistance, or of very long thermocouple leads 
without material loss of accuracy in balancing. Or, on occasion, 
a very low scale range does not require a very low resistance and 
the resultant disadvantages. The galvanometer is, of course, 
completely enclosed. A special feature is its platinum-gold alloy 
suspension of particularly high tensile strength. 

The balancing power circuit, the photoelectric circuit, the 
recording and commutating mechanism, and the principles of 
operation are described in publications issued by the C. J. Tag- 
liabue Mfg. Co., Park and Nostrand Aves., Brooklyn, N. Y. 


Laboratory Super Centrifuge 


The New Sharples Laboratory Super Centrifuge is the prod- 
uct of over six years’ development by The Sharples Specialty 
Co., 23rd and Westmoreland Sts., Philadelphia, Pa. 

It brings an extremely high separating force and unusually 
smooth and efficient performance to the laboratory operations 
for which it is designed, namely: 

1. The sedimentation of solids from liquids. 

2. The clarification of liquids. 

3. The separation of immiscible liquids occurring as mixtures 
and emulsions. 

Unlike the tube and bottle centrifuge, the Super Centrifuge 
performs these operations continuously. Liquid is fed into 
the rotating bowl of the machine, where it is subjected to a 
separating force as high as 62,000 times the force of gravity. 
It is then discharged continuously. Solids collecting in the 
rotating bowl are periodically removed. 

Clarifier and batch bowls are available in addition to the 
separator bowl. 

Turbine or motor drive optional. 

Further details as to specifications and operations are given 
in the manufacturer’s bulletin. 





Fitz Micro-Manipulator 


The Fitz Micro-Manipulator, made only by the Bausch & 
Lomb Optical Company, Rochester, N. Y., is a universal instru- 
ment adapted to micro-operation in its widest range. It is 


equipped to carry all of the tools and accessories necessary to 
micro-manipulation and micro-injection. 
standard microscope upon its broad base. 

Details of design and operation are described in a bulletin 
issued by the manufacturer. 


It will take any 
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Titration Flask 


A specially designed titration flask for titrating buffered, 
colored, and turbid solutions to a definite endpoint, as deter- 
mined by comparison against permanent color standards, is 
being marketed by the LaMotte Chemical Products Company, 
McCormick Bldg., Baltimore, Md. This device is simply a 
250-cc. Erlenmeyer flask to which has been attached a special 
side-arm with the same dimensions and capacity as the standard 
LaMotte 10-cc. test-tube. 

With this flask, titration is carried out as usual, except that 
from time to time the titrated solution is observed by simply 
tilting the flask until the solution partly fills the side-arm tube. 
This tube can be inserted in the standard LaMotte block com- 
parator, and compared with indicator color standards. 

This flask is said to facilitate greatly the determination pro- 
cedure for changing plating baths from one pH value to another. 


Jena Fritted Glass Filters 


Above is the title of a 23-page illustrated catalog (232 LE) 
recently issued by the Fish-Schurman Corporation, 230 East 45th 
St., New York City. The pamphlet describes ‘‘a glass filter 
for every purpose,” as well as Jena glass tubing and vessels for 
various uses. 


Nickel and Monel Metal Equipment 


Crucibles, lids, and carbon combustion boats are now readily 
available in pure nickel. The resistance of nickel to corrosion 
by fused caustic acids or salts, the ease with which it can be kept 
clean and its ability to withstand hard mechanical treatment, 
make this equipment particularly well suited for laboratory work. 

Water baths made of Monel metal have been found to be prac- 
tically unaffected by the constant contact with chemicals en- 
countered by laboratory equipment. They are easy to clean, 
strong as steel, will not rust, and are corrosion-resistant. Built 
of solid Monel metal, they are durable and economical. For 
information on sources of supply for nickel and Monel metal 
laboratory equipment write to The International Nickel Company, 
Inc., 67 Wall Street, New York, N. Y. ; 


R & H Chemicals Price List 


The quarterly price list of ‘““R. & H. Chemicals for All Indus- 
tries” has just been issued by the R. & H. Chemicals Depart- 
ment of E. I. du Pont de Nemours & Co., Wilmington, Delaware. 

The various chemicals discussed include those required in the 
chemical, metal, textile, rubber, leather, oil, ceramic, and some 
other industries. In all, nearly 200 different chemical products 
received mention or more or less detailed description. 






Textolite Test-Tube Racks 


Used in several New York Hospitals and various medical 
laboratories, Textolite test-tube racks, manufactured by the 
General Electric Company, and distributed by General Lami- 
nated Products, Inc., of New York, are impervious to acids in 
moderate concentrations, and resist absorption of spilled liquids. 

In keeping with other laboratory equipment in appearance, 
these racks will withstand rough handling, can be easily and 
cleanly machined for smooth surfaces, and may be cleaned readily 
to restore the original luster. 











NICOLAS LEMERY 
1645-1715 
Pharmacist, Chemist, Physician 

Lémery’s experience as a manufacturer of pharmaceutical preparations 
gave him an excellent training in chemistry. This is shown in his “Cours de 
Chymie” (1675), which went through many editions and enriched the author 
trom its royalties. As Holmyard says,“The ‘Cours de Chymie,’ a book of some 
500 closely printed pages, describes in completely unequivocal language 
the practical chemical knowledge of the time, including much that is due to 
Lémery himself. The descriptions are accompanied by shrewd observations, 
and the general impression left on the mind of a modern reader is that 
Lémery must have been one of the most acute and skilful experimenters 
France has ever produced.” 

Besides the chemistry textbook, Lémery published a pharmacopeta, 
a dictionary of drugs, and a treatise on antimony. Due to his clearness of 
statement and experimental attitude, Lémery had a great influence on the 
chemistry and pharmacy of his time. 


Contributed by F. B. Dains 
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ODERNIZING THE GENERAL CHEMIS- 

TRY COURSE. One of the striking charac- 

teristics of science in general and of chemistry 
in particular is that which we may term its vitality. 
Nowhere is this characteristic more conspicuous than 
in the habit of growth of the metaphorical organism. 
Augmentations of the factual content of science often 
have the superficial appearance of inert accretions; 
sometimes they are so in fact. Nevertheless, in an 
impressive proportion of cases, the apparent accre- 
tions are revealed on detailed analysis as actually, in 
part at least, true secretions of the organism. Con- 
versely, we observe that even pure accretions are often 
eventually absorbed into the organism with consequent 
modification of its structure and functioning. 

It is possible to run any analogy into the ground, 
yet we are tempted to risk pursuing this one somewhat 
farther before abandoning it. The most cogent criti- 
cisms of general chemical instruction may be summa- 
rized in terms of it by saying that such instruction is 
too often based upon a taxidermist’s specimen or, at 
best, a preserved cadaver. Morphology has been over- 
emphasized at the expense of physiology and natural 
history. 

It is obvious to the most casual observer that the 
elementary chemistry of today is not the elementary 
chemistry of ten years ago. Many of the fundamental 
concepts which were vague then are rather clearly de- 





fined now. Many phenomena which then appeared 
isolated can now be correlated. Many of the models 
and analogies which we then employed for lack of better 
are now obsolescent. 

Not all the progress to which we refer has been the 
work of scientific pioneers. The processes of assimi- 
lation, growth, and development owe much to the quiet, 
persistent thought of men whose work in this connec- 
tion has not been universally recognized as creative. 
From time to time we have enjoyed the privilege of 
publishing in Ta1s JouRNAL works of synthesis and in- 
terpretation which we believe have, in the aggregate, 
profoundly influenced general chemical instruction. 

The Division of Chemical Education of the Ameri- 
can Chemical Society has always endeavored to foster 
progress of this kind, both through its programs and 
through its medium of publication. At its Cleveland 
meeting in September the Division will devote the 
major part of its sessions to a symposium on ‘‘Moderniz- 
ing the Course in General Chemistry.”’ The prelimi- 
nary program appears elsewhere in this number. 
Nearly all the speakers announced have contributed 
to THIS JOURNAL at one time or another, and many of 
them have previously addressed the Division. The 
officers of the organization are to be congratulated 
upon arranging a meeting which promises so much in 
the way of interest and genuine utility to the teacher 
of general chemistry. 














The MODERN TRE 





ND of the 


PAINT INDUSTRY’ 


E. E. WARE 


The Sherwin-Williams Co., Cleveland, Ohio 


HE PAINT industry, as we know it today, is 
a comparatively youthful member of the general 
industrial family. We find historical references 
to pigmented films as decorative or protective surface 
coatings even before the Christian era, but the manu- 
facture of paints as a codrdinated industry really dates 
from the advent of ‘mixed paint.” The historical 
résumé presented by Mr. George B. Heckel at the Cen- 
tury of Progress meeting covers this ground admirably. 

We follow with interest his sketch of the march of 
American paint industry from the days of the strug- 
gling paint pioneer Childs, through the period of neigh- 
borhood factories operated by journeymen painters, 
to the mixed-paint era beginning about the middle of 
the last century, and then to the complex, chemically 
controlled, highly specialized situation of today. 

The chemist has had an important influence on the 
paint industry during the past fifty years, but not until 
within comparatively recent years may we say that the 
chemist has exercised a dominating influence. The 
status of the chemist in the early days is covered by 
Dr. Toch in an article published in Chemical and 
Metallurgical Engineering in 1920. While it seems 
quite certain that he erred in failing to give credit to 
a number of important members of the profession, 
some of whom are still active and of considerable in- 
fluence in guiding the industry’s destinies, the contrast 
between the small group whom he credits with the early 
success of the industry and the several hundred 
chemists, most of them members of the Society, who are 
now directly or indirectly connected with paint manu- 
facture or utilization is very striking. 

The reputable paint manufacturer of the past genera- 
tion, while interested in turning out a good product, 
was sadly handicapped by competition from others 
whose only interest seemed to be in marketing a product 
with a maximum margin of profit. While he may 
have been satisfied that a paint carrying pure linseed 
oil as a vehicle, and a combination of lead and zinc as 
pigments, would give the best protection and decora- 
tion as far as his knowledge and experience went, 
he also was compelled to recognize the unethical 
methods of unscrupulous competitors who through 
fraudulent advertising and high-pressure salesmanship 
made conditions anything but satisfactory. 

Professor Ladd, of North Dakota fame, pioneered in 
a campaign for pure paint. While at tht time some 





* Presented at the spring meeting of the American Chemical 
Society, St. Petersburg, Florida, March 26-31, 1934. 
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people thought his methods not quite fair, and his con- 
clusions somewhat misleading, on the whole his work 
has proved of decided benefit to the paint industry and 
to the public it serves. He did succeed in educating 
the paint-consuming public that water and paraffin 
oil had little permanent protective value; and in con- 
vincing the paint manufacturer that intelligent co- 
operation in research and publicity could be of mutual 
benefit to both manufacturer and consumer. 

Probably the most beneficial result of this pioneering 
is the impetus it gave to the development of chemical 
paint technology. 

Supplementing the crusade by Professor Ladd and 
his associates in condemnation of past evil practices, 
came the constructive work of Committee D-I of The 
American Society for Testing Materials, and the re- 
search and publicity by the Scientific Section of the 
Association of Paint and Varnish Manufacturers. 
The improvement of process and product brought 
about by these combined influences resulted in a general 
stabilization of the industry in so far as it applied to 
retail consumption. 

The purchaser of industrial finishes, however, had 
not kept pace and was still classifying materials pri- 
marily on a price basis, with little concern as to future 
performance. The automobile owner had to figure on 
refinishing or trading in his car every year if he prided 
himself on its appearance. Not infrequently the 
agricultural implement manufacturer was compelled 
to refinish the machines in his distributing warehouse 
because they would not retain their salability long 
enough to reach the customer. 

The progress of the industry was also retarded by 
specification writers who, assuming an attitude of 
superior knowledge of the proper composition of 
products for their especial uses, wrote into their 
specifications composition restrictions that left little 
opportunity for improvement by the manufacturer 
and gave no assurance of either the best product or the 
lowest price. 

Through the influence of such men as Dr. Walker of 
the Bureau of Standards and the Federal Specification 
Board, paint specifications for Government purchases 
gradually changed toward the performance type, 
giving the manufacturer’s chemist an opportunity to 
utilize the latest developments in raw materials, at 
the same time exercising such economies in production 
method as might insure minimum cost for a product of 
satisfactory performance. 
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This attitude gradually extended to state, municipal, 
and railroad specification writers. If there were any 
difficulties in the way of writing and enforcing a perfect 
specification, they came from lack of methods and 
apparatus for accelerated testing. Producers were not 
satisfied to wait during the normal lifetime of a protec- 
tive coating before enjoying the privilege of a position 
on the approved list; nor would conditions permit the 
continuance of purchases from a source whose product 
had given satisfaction to the exclusion of other less- 
favored producers. 

Much has been accomplished toward improvement 
in methods for accelerated testing; but there is still 
much more to be done. Every paint laboratory has 
installed apparatus for simulating actual exposure 
conditions. Ultra-violet aging tests are very com- 
monly used, although in recognition of the limitations 
of this type of test they are practically always supple- 
mented by outside exposure tests. Elaborate outdoor 
testing facilities have been installed in the southern 
states, particularly Florida, some commercially op- 
erated and some privately owned. Even the results 
obtained from these tests fall short of being truly repre- 
sentative, but are not to be criticized too severely, for 
they constitute our best efforts to get speedy answers 
to our problems and, as such, if sensibly interpreted, 
are of considerable value. 

In addition to this apparatus for promoting break- 
down of the film structure, the paint chemist’s labora- 
tory and the laboratory of the industrial user are equipped 
with all sorts of special devices, both mechanical and 
chemical, by means of which they attempt to duplicate 
service conditions. The automobile manufacturer tests 
for resistance to gasoline, grease, brine, and polishing 
agents; the refrigerator manufacturer for resistance to 
changes in temperature, humidity, household grease, 
sulfur dioxide, and discoloration; the furniture manu- 
facturer for resistance to heat, moisture, and other 
household influences, even including alcohol; and so 
on through the whole category of industries. Each 
industry and each superintendent or technical operator 
has his own ideas of how he may, by accelerated meth- 
ods, make certain that the finish he applies to his 
product will survive and decorate throughout its useful 
life. 

With all its faults, the performance specification for 
the purchase of paint products is the one that should 
prevail; and it is to be regretted that certain govern- 
ment bureaus, as well as some lesser agencies, feel 
called upon to assume the responsibility for reverting 
to the old ‘‘composition’” idea. An extreme case of 
the latter has recently come to the attention of our 
formulators. A county specification writer conceived 
the following: ‘The vehicle for the above paint shall 
be a bleached linseed oil manufactured under the proc- 
ess known to the trade as the ‘ process.’ 
Each bidder, under these specifications shall furnish 
with his bid a certificate from the company controlling 
the ‘ process’ certifying that the bidder will 


be able to furnish paint containing a bleached oil 
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manufactured under the process’ and 
supplied by the company controlling the same. No 
bid will be considered which does not have accompanied 
this certificate.” 

This looks like a long step backward for an industry 
whose progress during latter years has been consistently 
forward. 

The marked advances that have been made in the 
manufacture of paint in the past few years have not 
been confined to any one phase of the paint formula. 

In pigments we have the development of the new 
whites such as the modern light-resistant lithopones 
and the newer double-strength lithopones and modified 
zinc sulfides. We have titanium oxide and the ti- 
tanated bases, as well as improvement in the uniformity 
of the leads and zincs, and an extension of the influence 
of the suspending inerts. 

Blacks of all types have come in for considerable 
attention. Gratifying improvements have been made 
in density of color, and in physical properties con- 
trolling suspension and differential adsorption of vehicle 
components. 

Even the relatively unimportant oxides and other 
earth pigments have come under control of the paint 
technician. 

The dry-color branch of the paint industry has 
kept pace with advances made in other pigment pro- 
duction. Through the installation of better mechanical 
equipment and through the introduction of more exact 
chemical control, a uniformity of product has been 
assured, for both shade and physical properties. A 
study of the effect of dispersing agents has made possi- 
ble the development of brighter, cleaner colors of su- 
perior ‘‘wettability.” A fund of knowledge has been 
accumulated covering the effect of impurities on color 
precipitation, with the result that through regulation 
rather than by elimination the color chemist has been 
able to control certain physical properties. Worth- 
while advances have been made in the development of 
non-bleeding reds, maroons, and violets, and light-fast 
yellows and oranges both in the older chromes and the 
newer Hansas. 

The pigment technologist has also interested himself 
in a study of the physical chemical phase of his product. 
He has become proficient in the control of such features 
as hiding power, tinting strength, oil adsorption and 
dispersion, so that it is now common practice in 
purchase specifications to confine any pigment to narrow 
limits in its physical characteristics, as well as to ex- 
tremely close tolerance in its chemical composition. 

Paint oils have come in for their share of attention. 
The early work of Bolley on flax has been supplemented 
by agricultural chemical studies on other oil seeds and 
nuts, such as tung, soya, sunflower, and cashew. Re- 
cent reports covering studies of the effect of climate on 
the properties of flax and oil crushed from its seed 
add considerable worth-while information to our fund 
of knowledge on flax culture. The widespread 
Florida tung-oil experiments have kept the attention 
of varnish makers centered upon the sunshine state. 
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Professor Burleson’s recent work on soya beans, carried 
out at the University of Illinois in codperation with 
oil crushers and paint manufacturers, will assist greatly 
in popularizing this valuable crop with the American 
farmer and its oil with the paint manufacturer and con- 
sumer. Coincident with this work on seed culture 
has been an extensive study of oil crushing, refining, 
purification, and processing. The synthetic chemist 
has not been idle in this field as is evidenced by the 
commercial introduction of a synthetic drying oil that 
really dries. This new product is a direct challenge to 
the plant technologist and agricultural chemist. 

Studies of the constitution of the mixed glycerides 
of linseed and other drying oils, which have engaged 
the attention of a number of investigators, have given 
us a better understanding of the oil molecule and 
a clearer insight into the possibilities of adjustment 
and manipulation to produce results advantageous to 
the paint formulator. 

Changes occurring during normal, accelerated, and 
inhibited drying have been well covered, as has the 
progress of condensation and polymerization during the 
course of heat treatment. 

Volatile solvent research has claimed the attention 
of an army of research workers. In so far as the pro- 
tective coating industry is concerned, it might well be 
said that the commercializing of lacquer by the du 
Pont Company inspired a great deal of this particular 
work. Lacquer created a demand for increased quanti- 
ties of solvents already available, and the introduction 
of commercial quantities of known but little used sol- 
vents of either better solvent properties or lesser cost. 

The record of the synthesis of the multitude of al- 
cohols and esters that have made progress in lacquer 
and synthetic resins commercially possible is in itself 
an important paragraph in the history of chemical 
influence on the protective coating industry. 

Paint drier, while comparatively unimportant, has 
come in for its share of attention from the synthetic 
chemist. Although the modern drier still functions 
as a catalytic promoter of oxidation and in general 
makes use of the same metallic oxides, lead, manganese, 
and cobalt, as in the past, these oxides are frequently 
combined with acids other than the resin and linseed 
oil acids so well known in paint practice. The study of 
the action of these positive catalysts has been ac- 
companied by a study of negative catalysts or anti- 
oxidants used primarily to prevent skinning in the 
package or in storage tanks. Work is actively in 
progress toward the ultimate goal of suspension of 
oxidation in the after-stages of film hardening. If 
oxidation may be suspended when the film has reached 
the point of optimum toughness, the life of the coating 
will be prolonged considerably. 

One of the most pronounced influences on the 
industry has been the introduction of synthetic resins 
into varnishes and lacquers. There has been a popular 
misconception of the reason for the introduction of 
synthetic products into this, as into other fields. Cer- 
tainly it may truly be said that synthetic products in 
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the paint industry have not been introduced as duplicat- 
ing substitutes for natural products—with their de- 
fects—but rather have they been children of necessity 
in that they have been introduced to develop new 
qualities in application, appearance, or performance. 
Mr. E. C. Holton’s summary of the synthetic resin 
situation, presented before the Association of Paint and 
Varnish Manufacturers at their Chicago meeting in 
1931, pictures the important changes in the resin field 
within a comparatively short period, and much further 
work has been done since his summary was published. 

Spurred on by the necessity of saving at least a part 
of the market for natural resins, whose apparently 
limited supply during the pre-synthetic period was of 
real concern to the paint technologist, but which due 
to the overwhelming acceptance of synthetics threatens 
to become a drug on the market, the Gum Importers 
Association has subsidized a study of the properties 
and technical utilization of these materials. Pre- 
liminary reports of this research promise some very 
interesting revelations. 

Synthetic resin developments have compelled the 
paint technologist to look at this problem through new 
glasses. It is increasingly apparent that we may no 
longer consider a varnish resin to be simply dissolved 
in the vehicle and functioning in the film foundation 
only as a glossing and hardening agent. We know 
definitely that we may so formulate that the resin 
forms an integral part of the film, influencing not only 
gloss and hardness, but toughness, elasticity, chemical 
and weather resistance, pigment dispersion, and 
stability. 

In some cases, the relative positions of the two major 
ingredients of the varnish film have been reversed. 
The resin in some of the more recently introduced paint 
products has tough, resistant, film-forming properties 
in itself and is used with the minimum additions of oil 
or other plasticizer. 

While not primarily of interest to the general chemist, 
mechanical research on grinding machinery is of decided 
interest and importance to the paint technologist, es- 
pecially when we consider that paint grinding is not 
primarily a question of reduction in size of particle but 
one of dispersion and wetting. The introduction of 
plastic dispersion mills, such as rubber rolls and mixers, 
as well as liquid dispersion by the so-called colloid 
mills, and the many modifications of the older, more 
standard types of grinders assumes a position of de- 
cided importance. 

Quite striking advances have been made in pigment 
dispersion by pulping, a process which, while well 
developed for lead pigments, has not until recently been 
seriously considered for such other pigments as may at 
some stage in their manufacture have been suspended 
in water. 

Even the routine of the paint industry has been dis- 
turbed by the technical trend. We are demanding 
more and more of our protective coatings—package 
condition—settling—uniformity of drying—skinning— 
crystallization—odor—uniformity of color—as well as 
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superiority of performance in the hands of the user— 
flow—leveling—hiding—color—flood—bloom—tough- 
ness—chalk—recoating—eye appeal—brilliance and re- 
tention of gloss. 

The physical chemical studies of dispersion, suspen- 
sion, and adsorption that have been reported to the 
Society in recent years have been of intense interest 
and importance in pointing the way to a better under- 
standing of the properties of paint mixtures. 

Added emphasis has been given to a study of adhesion 
of paint films both from the standpoint of proper prepa- 
ration of the surface to which the paint is to be applied 
as well as to the composition and constitution of the 
film-forming material itself. New ideas have been 
advanced covering the relations between the nature 
and porosity of the surface to be coated and the type 
of paint best suited for this application. 

The physical structure of the fully dried film has 
come to be considered as extremely important. It 
seems quite certain that maximum protection does not 
necessarily result from the most perfect sealing of the 
surface; a certain amount of “‘breathing’’ is con- 
sidered by some authorities as necessary for proper 
adhesion and maximum life. 

Hand in hand with the research by the raw-material 
producer and the paint manufacturer has gone the de- 
mands of the consuming industry. A great many 
paint, varnish, and lacquer consumers have placed 
their finishing rooms under technical control with a 
result that not only has there been an important ad- 
vance in finishing technic through the introduction of 
finishing schedules to suit the available finishing ma- 
terial, but frequently through closely codperative re- 
search, worth-while additions have been made to the 
general fund of protective-coating knowledge. 

Sales methods have kept pace with changes in manu- 
facturing procedure. Sales representatives of both raw- 
material producer and paint distributor are either 
technically trained or supported by adequate technical 
service. 

From a casual survey of the record of accomplish- 
ment in the paint industry one might gather that the 
major portion of the research effort has been expended 
for the benefit of the industrial user. This is really 
not true, for the retail consumer is still the paint 
manufacturers’ best customer and as such is entitled 
to first consideration. It is difficult to bring the results 
of research and development to the attention of the 
individual consumer. While the industrial user has 
technical advice to assist him in the selection of a proper 
finishing material, the retail buyer uses paint too in- 
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frequently to become an expert and consequently has 
to depend upon the advice of his favorite painter or 
upon his own reaction to the advertising appeal made 
to him through the multitude of channels now avail- 
able to the commercial advertiser. Competition has, 
however, forced each paint manufacturer to extreme 
effort toward creating products that not only appeal to 
his customer’s sense of beauty and to his convenience, 
but that also promise the most value for his dollar. 

The result of the trend toward the use of synthetics 
to replace natural products, or rather of the success 
of such substitutions as have already been made, has 
been a tendency on the part of the paint chemist toward 
the introduction of synthetic materials into all lines of 
paint products. No longer are we satisfied to introduce 
the newer materials in places where their specific per- 
formance opens a new field; we are also concerned in 
partial or total replacement of the old-line raw materials 
with the new wherever an improvement in application 
of performance may be achieved, even at an advance 
in cost. 

In conclusion, I would like to draw a composite pic- 
ture of the past few decades in the life of American paint 
industry. We see first a painstaking individual effort 
to serve wisely and well, handicapped by limited 
knowledge and ‘experience. Next we come to an 
age of mad scramble for personal gain, at the probable 
expense of both competitor and customer. A third 
glance shows a change of attitude, supported by a 
gradual acquisition of knowledge of the manipulation 
and testing of a somewhat narrow range of available 
materials. Finally we see that part of the picture 
representing present-day activities. We see the de- 
velopment of an infinite number of new products and 
the compilation of technical data covering both raw 
material and finished product too extensive for a single 
individual to comprehend in its entirety. We see 
agricultural studies of strain, fertilization, and seed 
selection pointing to improvement of product, but at 
the same time placing particular emphasis on domestic 
production. We see technical research directed toward 
synthesis of old materials as a matter of economy and 
substitution of new synthetics to effect improvement 
in quality. All of which finally brings us to a vision 
of the future in which we shall assuredly find a tech- 
nically designed protective coating built up from 
improved natural or scientifically evolved synthetic 
raw material. Whatever the composition we are 
assured of a product of beauty and utility; . for the 
manufacture of paint has most certainly advanced 
from an art to a science. 





The scholar keeps himself free from all stain; he does not go among those who are low, to make himself seem high, 
nor set himself among those who are foolish, to make himself seem wise; he does not approve those who think as he, 
nor condemn those who think differently; thus he takes his stand alone and pursues his course, unattended.—Li K1 

















A COMPARISON of SOME 
PHYSICAL and CHEMICAL 


ATOMIC WEIGHTS’ 


GREGORY PAUL BAXTER 


Harvard University, Cambridge, Massachusetts 


HAVE hoped that tonight you might be interested 

in a comparison of some of the results obtained by 

chemical means and by the mass spectrograph for 
certain atomic weights, especially those of the mixtures 
of lead isotopes which constitute the end-products of 
the different radioactive disintegration series. In the 
initial enthusiasm over the development of the mass 
spectrograph in the skilful hands of Aston it was a 
common belief that the day of the atomic weight chem- 
ist was over, that here was a method by which not only 
the relative masses of individual isotopes could be ac- 
curately measured, but also their proportions. With- 
out question this method has great possibilities, and 
in the course of time may supplant the chemical 
method. At the present time the two methods supple- 
ment one another, in that where lack of reasonable 
agreement exists, there seems to be good reason to be- 
lieve that one or the other method is at fault. 

In the mass spectrograph charged atoms at high 
velocity are electrically and magnetically deflected so 
that they are focused on a photographic plate, on a 
scale linear with reference to mass. Measurement of 
the relative distances between lines then gives directly 
the relation between masses. These are ordinarily 
referred to the most abundant oxygen isotope, of mass 
16. On this scale, for the atoms between 16 and about 
200 in mass, the values found by Aston are slightly less 
than integral; for those below 16 the values are greater, 
and for those above 200 probably greater than integral. 
But since the element oxygen consists of at least three 
isotopes of masses 16, 17, and 18, the physical scale must 
be corrected to the chemical scale for comparison. The 
factor by which the physical values usually are divided, 
which depends on the determination of the proportions 
of the oxygen isotopes by Mecke and Childs, is 1.00022, 
although there is still some uncertainty in this value. 


Physical Physical 
016 = 16.0000 0 = 16.0000 

Helium 4.0022 4.0013 
Fluorine 19.000 18.996 
Phosphorus 30.983 30.976 
Scandium 44.968 44.958 
Arsenic 74.934 74.918 
Iodine 126.933 126.905 
Cesium 132.934 132.904 
Bromine 80. on} 79.910 

78.929 





* An address delivered before the Northeastern Section upon 
receiving the Theodore William Richards Medal, April 13, 1934, 
and reprinted from The Nucleus of May, 1934, by permission 
Dr. Avery A. Ashdown. 
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It seems to me that this physical method of determin- 
ing atomic weights is likely to be most satisfactory in 
the case of elements which give only a single line in the 
mass spectrograph, that is, which are presumably simple 
elements, consisting of only a single variety of atom. 
The correspondence between values obtained by the 
chemical and physical methods for elements now sup- 
posed to be simple is shown in the table below. On the 
whole the agreement between the two sets of results 
is very reassuring, especially in view of the fact that the 
accuracy claimed by Aston for the mass spectrograph 
is not over 0.01 per cent. 

In the case of complex elements a further uncertainty 
is introduced in that the proportions of the isotopes 
must be estimated either photometrically from the. 
intensities of the mass-spectrum lines, or by other physi- 
calmeans. While somewhat less satisfactory than with 
simple elements, in general there is fairly close agree- 
ment between the physical and chemical atomic weights 
of complex elements, and it is probable that this situa- 
tion will improve with time. In the case of bromine, 
for instance, the two isotopes seem to be present in 
exactly equal proportions and the physical and chemical 
atomic weights are very nearly identical. 

I should now like to call your attention to what are 
sometimes called radiogenic leads, that is, the various 
kinds of lead that are produced as end-products in the 
radioactive decay of uranium and thorium. These at 
present are supposed to consist of RaG and AcD, 
produced from two isotopes of uranium, and ThD, 
produced from thorium. In.the case of certain pure 
uranium minerals which are nearly or quite free from 
thorium, the lead contained in these minerals is to be 
expected to consist only of RaG and AcD, unless the 


mineral initially contained common lead. Many 
uranium minerals contain appreciable proportions of 
Chemical Difference Difference 
0 = 16.0000 Chem.-Phys. % 
4.0018 +0.0005 +0.012 
19.00 +0.004 +0.02 
31.02 +0.04 +0.13 
45.10 +0.14 +0.31 
74.91 —0.008 —0.01 
126.917 +0.012 +0.010 
132.91 +0.006 +0.005 
79.916 +0.006 +0.008 


} thorium and their. lead will therefore contain ThD in 


addition. Up to the present no thorium mineral has 
been discovered which is entirely. free from uranium, 
although in the case of the mineral thorite the percent- 
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age of uranium is low. Lead contained in thorium 
minerals will therefore consist largely of ThD with 
smaller proportions of RaG and AcD, together with 
common lead if the mineral initially contained common 
lead. As originally suggested by Boltwood, if the rates 
of production of RaG and AcD from uranium and of 
ThD from thorium are known the time which has 
elapsed since the mineral crystallized may be computed 
from the percentages of lead, uranium, and thorium 
contained in the mineral at the present time. The 
approximate formula employed for determining the 
age of a mineral is: 


eB % Pb 
~ YU + 0.36% Th 





Age X 7600 million years, 

in which the factor 0.36 represents the relative rates of 
production of lead by uranium and thorium. This 
factor is still somewhat uncertain, and the above for- 
mula makes no allowance for the fact that at the 
present time the quantities of uranium and thorium are 
less than they were initially—for very old uranium 
minerals only eighty per cent. of the original; that is, 
twenty per cent. of the uranium has been converted into 
lead. Correction for the latter circumstance reduces 
the computed ages. This method of age determination, 
which is superior to that of finding the helium content 
with minerals rich in uranium and thorium on account 
of loss of helium by the mineral in the past, has given a 
much more enlarged idea of the age of rocks than that 
held earlier. 

However, the method is not free from difficulties. 
If the mineral after its formation has by a natural 
process, such as selective leaching, undergone altera- 
tion in composition the lead ratio loses in significance, 
and while signs of alteration are sometimes obvious, ab- 
sence of these signs is not conclusive proof of absence of 
alteration. Furthermore, the presence of common lead is 
always to be feared. With the object of obtaining 
evidence as to the nature of the leads found in radio- 
active minerals, the atomic weights of many specimens 
of radiogenic leads have been determined. The first 
paper on this subject was presented to the Journal of 
the American Chemical Society by Professor Richards 
with Max Lembert in May, 1914, and this was closely 
followed by one by Hénigschmid and Horowitz. Since 
then many determinations have been made, with results 
covering the range 205.94 to 207.90, that is, a spread of 
two atomic weight units, while that of common lead, 
irrespective of its age or origin, seems to be very close to 
207.21. 

An exact knowledge of the masses of the lead isotopes 
and of their proportions in mixtures is desirable for 
several reasons. In radioactive series, from the masses 
of the parent isotopes and their products, the mass de- 
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fects which accompany the emission of a and £ particles 
may be compared with the observed energy emission 
which accompanies these changes; or, from a knowl- 
edge of the energy changes together with the masses of 
the products, the masses of the parents may be found. 
As it happens, the masses of the parents are at present 
somewhat uncertain—that is, those of uranium isotopes, 
radium, and thorium. In the second place the propor- 
tions of the isotopes of lead found in uranium and 
thorium minerals should throw light on the relative 
speed with which disintegration series of different 
isotopes proceed. This also is a matter of some un- 
certainty. Without this knowledge it is difficult to 
gage the quality of the lead found in radioactive 
minerals and its suitability for age determination of 
these minerals. 

I should now like to show you the results of recent 
mass-spectroscopic examination by Aston of both com- 
mon lead and certain radiogenic leads. Aston finds 
that referred to 0'*= 16.0000 the masses of the individ- 
ual lead isotopes are slightly larger than integral, 
about 206.01, 207.01, 208.01, etc. Converted to the 
chemical basis by the factor 1.00022 these become 
205.96, 206.96, 207.96, etc. (See table below.) You 
will notice that with common lead the chief isotopes 
are 206, 207, and 208 and that with the five radio- 
genic leads no other isotopes appear to be present. 
In the case of the Katanga and Morogoro samples, 
which were found by chemical analysis to be free from 
thorium, the isotope Pb*°® seems to be absent. This 
is in accord with the prevailing opinion that this isotope 
is the product of the decay of thorium. In these two 
samples the ratio of Pb? to Pb®*’ is very nearly the 
same, as might be expected if these two isotopes are 
the products of decay of two uranium isotopes. The 
two minerals happen to be of about the same age, 600 
million years, so that there is here reason to believe 
that in uranium of this age the decay products Pb? 
and Pb?’ will be found in the average proportion 93.2 
to 6.8 or 13.7 to 1. 

One of the questions still to be decided is whether the 
uranium isotopes decay at the same rate, a common 
opinion at the present time being that the uranium 
isotope which is the parent of Pb? decays at the 
greater rate. If this is so, younger uranium would 
always contain less of this isotope of uranium, and lead 
in a younger mineral would therefore contain less of the 
product Pb?” referred to Pb?°* and would therefore 
possess a lower average atomic weight than that from 
an older mineral. 

But certain facts appear to me to be opposed to this 
idea. It seems not unreasonable to assume that in the 
case of uranium minerals free from thorium and of the 
same age, the purest uranium lead will be that of lowest 


ISOTOPIC COMPOSITION OF VARIOUS LEADS 


RaG AcD ThD 


Mass Numbers 203 204 205 206 
Common 0.04 1.50 0.03 27.75 
Katanaga pitchblende 93.3 
Morogoro uraninite 93.1 
Norwegian thorite 4.6 
Great Bear Lake pitchblende 89.9 
Wilberforce uraninite 85.9 


Atomic Weight 


207 208 209 210 Phys Chem. 
20.20 49.55 0.85 0.08 207.17 207.21 
6.7 (0.02) 206 .02 206.03 
6.9 0.00 206. 206.03 
1.3 94.1 207.85 207.90 
7.9 2.3 206.08 206. 
8.3 5.8 206.15 206.20 
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atomic weight since the presence of common lead will 
invariably raise the observed value. Recently Mr. 
Alter in my laboratory examined an interesting sample 
of lead from a clean specimen of Katanga pitchblende. 
This is a black mineral but is permeated with microscopic 
veins of yellow material which could be separated 
from the black with hydrochloric acid. Lead from the 
extract was found to have the atomic weight 205.97, 
while that in the insoluble black material gave the 
atomic weight 206.00. The cause of the difference is 
far from clear, but both values are lower than any 
others which have been found for Katanga material. 

Not long ago Mr. Bliss examined the ash of a shale- 
like material called kolm found in Sweden. This ash 
contains uranium but apparently no thorium. Its lead 
has the atomic weight 206.01. Since the mineral ash 
from kolm contains only 0.075 per cent. of lead it may 
very well be that the small proportion of lead univer- 
sally distributed in the earth’s crust was sufficient to 
affect the atomic weight of the uranium lead in kolm. 
The correction for this would be —0.01 to —0.03 unit, 
according to the proportion of lead assumed for rocks, 
0.00075 to 0.0022, making the atomic weight of uranium 
lead in kolm from 205.98 to 206.00. The age of the 
kolm is probably around 400 million years. 

Bréggerite from Moos, Norway, is somewhat older 
than the Katanga minerals, about 1000 million years. 
Hoénigschmid found the atomic weight of lead from 
one specimen to be 206.063. This sample, however, 
contained thorium, 4.36 per cent., as well as uranium, 
67.3 per cent. If one assumes first that thorium pro- 
duces lead 0.36 times as fast as uranium and second that 
thorium produces only Pb°’-*¢ it is possible to calculate 
the atomic weight of the uranium lead remaining to be 
206.02, a value like that found from some of the Ka- 
tanga samples. 

I now come to two of the oldest known minerals of 
fairly authentic age; one, from the Black Hills of South 
Dakota, is a pitchblende of which the age is supposed 
to be nearly 1500 million years. In one specimen the 
percentages of uranium and thorium were 66.9 and 2.0, 
respectively and the atomic weight of lead extracted 
from it was found by Richards and Hall to be 206.07. 
If allowance is made for thorium lead in the fashion 
which I have just described the atomic weight of 
uranium lead is found to be 206.05. 

The other, pitchblende from the newly discovered 
deposit near Great Bear Lake, Canada, is of approxi- 
mately the same age, 1500 million years. Dr. Marble 
has found the atomic weight of its lead to be 206.05. 
Although the mineral is nearly if not quite free from 
thorium, Aston has found the lead to contain not only 
Pb?* and Pb?’ but also Pb?’ in the proportion 89.8: 
7.9:2.3. In the absence of thorium, one can only at- 
tribute the Pb®°® to common lead; but since this 
isotope is only half of common lead, the percentage of 
common lead must be twice as large, 4.6. If allowance 
is made for this percentage of common léad, of atomic 
weight 207.21, the atomic weight of the residual 
uranium lead is 205.99. Further if 4.6 per cent. of 
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common lead is distributed in accordance with the 
proportions found by Aston the isotopic ratio of Pb? to 
Pb?” becomes 88.5 to 7.0, or 12.7 to 1, instead of the 


original 11.3to1. This ratio is not far from that found 
for the African samples, 13.7 to 1. It is worth adding 
that there is also mineralogical evidence that this 
pitchblende is contaminated with common lead. 

In the following table the above corrected values for 
uranium lead are arranged in the order of the geologic 
age of the minerals. 


Approximate Age Atomic Weight 


Mineral Million Years of Uranium Lead 
Kolm 400 205.98-206 .01 
Katanga pitchblende 600 205.97-206 . 02 
Morogoro uraninite 600 206 .02 
Norwegian bréggerite 1000 206.02 
Black Hills pitchblende 1500 206.05 
Great Bear Lake pitchblende 1500 205.90 


It is difficult to see in these figures any definite trend 
in the relation of the atomic weight of uranium lead 
to the period during which the radiogenic lead has been 
forming. In other words, there is no evidence here that 
the rates of decay of uranium isotopes differ by a con- 
siderable amount, although atomic weights of radio- 
genic leads have been used as an argument to support 
the view that the decay of the uranium parent of Pb?°’ 
is more rapid than that of the parent of Pb”, 

Since the higher values in the table may have been 
affected by the presence of common lead, it seems 
reasonable to assume that the lower values more 
nearly represent the lead produced from uranium. 
From the table a conservative estimate of the atomic 
weight of uranium lead seems to be 206.00, and if the 
ratio of Pb?°* to Pb?” is 13.7 to 1, as found by Aston 
for Katanga and Morogoro leads, the isotopic weights 
of these isotopes must be 205.93 and 206.93, values ap- 
preciably lower than Aston’s, 205.96 and 206.96. 

On the other hand, from radioactive measurements 
the present rate of production of AcD seems to be no 
greater than 4 per cent. of that of RaG. If this has 
been nearly constant through the ages the ratio of RaG 
to AcD should be around 25 to 1, and if uranium lead 
possesses the average atomic weight 206.00 the isotopic 
weights of RaG and AcD would be 205.96 and 206.96, 
values identical with Aston’s. Against this must be 
placed Aston’s determination ‘of the ratio of RaG and 
AcD in lead from Katanga and Morogoro, 13.7 to 1 as 
stated before. 

The results with materials from certain other miner- 
als are puzzling. Lead from uraninite from Wilber- 
force, Canada, has the atomic weight 206.20. This 
mineral contains 53.5 per cent. uranium and 10.4 per 
cent. thorium. Aston finds the ratio Pb?°*: Pb?°’: Pb? 
to be 85.9:8.3:5.8, with no other isotopes. From the 
percentages of uranium and thorium, the per cent. of 
thorium lead should be 6.4, a value slightly higher than 
Aston’s 5.8. The ratio of Pb?°* to Pb? is 10.4:1, a 
ratio again higher than Aston’s although the age of this 
mineral (1000 million years) is not very much greater 
than that of the Katanga specimens; that is, the 
Wilberforce lead contains 2 per cent. more Pb®” than 

corresponds to the ratio 13.7:1. To provide for the 
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excess of Pb?®’ ten per cent. of common lead would be 
required, corresponding to 5 per cent. of Pb”, and 
leaving little Pb?°* to correspond to the thorium. 
Thorite from Moos, Norway, contains lead of atomic 
weight 207.90. From the percentages of thorium, 
30.1, and uranium, 0.45, the percentage of uranium 
lead should be 4.0. Aston, however, finds Pb?%: 
Pb? Pb2°8 = 4.6:1.3:94.1; so that if all Pb?°* and 
Pb*”” is derived from uranium, the percentage of 
uranium lead is 5.9. Furthermore the ratio of Pb? to 
Pb?’ is high, 3.5:1. If the difference between the 
percentages of uranium lead calculated from the per 
cent. of uranium, 4.0, and found by Aston 5.9, is as- 
cribed to common lead, Aston’s ratio becomes 
4.1:0.9:93.2, the ratio of Pb*°* to Pb? still being too 
high. 
How much can be explained on the basis of selective 
leaching of minerals by natural processes is difficult to 
say. It is generally believed that uranium is removed 
from a mineral by leaching faster than lead, and lead 
faster than thorium. This might account for a dis- 
crepancy between the proportions of uranium lead and 
thorium lead found by the mass spectrograph and those 
calculated from the percentages of uranium and 
thorium. On the other hand, all the isotopes of lead 
would be removed at rates proportional to their per- 
centages at the time, and no change in the relative 
amounts of RaG and AcD could be produced in this 
way. 
The whole situation seems to me far from clear. So 
far as the atomic weights are concerned the conven- 
tional analysis of chloride used for their determination 
presents no serious difficulties, and there is no evidence 
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that different experimenters obtain different results 
with the same material. On the other hand, the com- 
position of the lead chloride used for analysis may not be 
normal, although attempts to cause it to vary in com- 
position have heretofore been unsuccessful. 

It seems equally unlikely that the mass values and 
proportions of isotopes found by the physical method 
are seriously in error since atomic weights calculated 
from these values agree surprisingly well with those 
found by chemical methods. 

A possible explanation of the discrepancies is that 
uranium and thorium leads may be more complex than 
is at present believed. In the case of thorium, for 
instance, the atomic weight, 232.12, is so far above an 
integral value that one suspects the existence of an 
isotope higher than 232 which might be the parent of 
a lead isotope of mass higher than 208, while Aston’s 
analysis of lead from both thorite and Wilberforce 
uraninite shows a proportion of Pb?’ which is hard to 
explain. 

Until more information of all kinds has been secured, 
it seems unlikely that it will be possible to fit together 
perfectly all the pieces of this picture puzzle. One of 
the restrictions lies in the scarcity of suitable uranium 
and thorium minerals. Few uranium minerals have yet 
been discovered which are certainly free from both 
thorium and common lead, while the purest thorium 
minerals known contain appreciable proportions of 
uranium. Perhaps the explanation of the difficulty 
will come from an entirely different direction. At any 
rate this subject provides a problem in which geologists, 
physicists, and chemists may collaborate with consider- 


able interest. 





SURVEY of the WORK of 
GREGORY PAUL BAXTER’ 


GEORGE SHANNON FORBES 


Harvard University, Cambridge, Massachusetts 


the outset of his career has exemplified the spirit 
of Theodore William Richards and who has 
steadily carried it forward into new lines of endeavor. 
Authority beyond compare, among living men, in the 
field of exact analysis, his publications over his thirty- 
six years of membership in this Section have enhanced 


Oh sictanes we honor an investigator who from 


* Address delivered before the Northeastern Section on the 
occasion of the bestowal of the Theodore William Richards 
Medal upon Gregory Paul Baxter, April 18, 1934. Reprinted 
from The Nucleus of May, 1934, by permission of Dr. Avery A. 


Ashdown. 


its prestige throughout the world. The total of his 
researches is imposing; as individual performances 
they are internally consistent, finished, conclusive; 
their implications are far-reaching. Dr. Greene, in The 
Nucleus for April, has classified them into groups. 
No brief discussion could begin to unfold them in their 
entirety. Allow me, therefore, to survey them in the 
sense that I direct your attention to a few out of many 
landmarks upon a high plateau. Consideration of a 
very limited number of the problems which he has 
studied may to some extent suggest the sagacity and 
dexterity he has brought to bear upon all the others. 
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Up to 1902 the determination of phosphoric acid by 
weighing ammonium phosphomolybdate was in dis- 
favor among careful analysts. The composition of the 
precipitate seemed to them to vary in a capricious 
fashion. Baxter contended that phosphate should be 
‘poured into molybdic acid, because the weight of the 
precipitate would be less affected by the occlusion of 
the molybdate than by the elimination of phosphate 
uncombined with molybdic acid which would occur 
if the operation were conducted in reverse fashion. 
He showed how the total of ammonium molybdate and 
molybdic acid occluded by these precipitates, and their 
ratio, too, are dependent upon analytical conditions; 
in other words, reproducible. Then, from a plot of 
composition as abscissas against excess of molybdic 
acid as ordinates, under conditions not too inflexibly 
defined, the percentage of phosphorus pentoxide in 
any new precipitate could be interpolated at once, and 
with surprising accuracy. In addition, he found that 
only two ammonium ions were present per molecule 
unless the precipitate was digested with ammonium 
nitrate, while various other combinations of ammonium, 
hydrogen, and potassium ions could be established in 
analogous experiments without greatly affecting the 
general properties of the precipitate. 

Ferrous iron must often be determined in the presence 
of hydrochloric acid. Permanganate, which serves as 
its own indicator, would be preferable to dichromate if 
it did not give too high results. Some of the per- 


manganate, in such cases, unfortunately, goes to oxidize 


chloride iron. Before 1905 it was supposed that a 
substantial excess of manganous ion must initially be 
present to avoid error, but Baxter showed correct 
results obtainable even in rather concentrated hydro- 
chloric acid provided that the temperature exceeded 
eighty degrees, and that three-tenths of one per cent. of 
the permanganate was subtracted. Inthe case of oxalic 
acid present with hydrochloric acid, mere elevation of 
temperature eliminated error. Finally, the side reac- 
tion at low temperature proved to be the formation and 
volatilization of hypochlorous acid, not of chlorine as 
had been generally supposed. 

In 1904 the belief was still current that the eminent 
Belgian chemist Stas was infallible in the field of atomic 
weights. But in that year Baxter supplied definite and 
convincing proof that Stas’s value for the atomic weight 
of iodine was at least a tenth of a unit too low. This 
was the first large error to be detected in Stas’s work, 
and the publication in question preceded the even more 
deflationary paper of Richards and Wells regarding 
Stas’s errors anent sodium and chlorine. Baxter’s 
subsequent papers on iodine, ingenious and painstaking 
as they were, only served to demonstrate the im- 
pregnability of this early value. 

As Baxter’s work on atomic weights continued, he 
came to rely more and more upon spectroscopic and 
spectrographic evidence of progressive purification of 
compounds taken for analysis. He was‘emphatically a 
pioneer in developing the technic of refined qualitative 
spectrum analysis, and repeatedly demonstrated the 


© Bachrach 


GREGORY PAUL BAXTER 


usefulness of its application to exact analytical work. 
It was evident that the compound to be taken for 
analysis could be recrystallized, electrolyzed, or dis- 
tilled in such varied fashion that few would demand 
spectroscopic evidence of its purity in addition. The 
same cannot be said of many precipitates and other 
reaction products. Even if these can be washed 
thoroughly, the slightest tendency to hold impurities 
in solid solution will be fatal. A single good spectro- 
gram could avert worry, or give direction to new ex- 
periments. 

Baxter gave much thought to the gases held by solids, 
especially porous solids, not previously fused or sub- 
limed in a vacuum. At least one modern authority 
recognizes him as a pioneer in this important field. 
One ingenious test was made by heating a sample of 
pure silver with one of pure iodine in an evacuated 
quartz tube. When these had been converted into 
fused silver iodide, the pressure of the residual gases 
was measured and found to be negligible from the 
gravimetric standpoint. 

The determination of atomic weight by the electroly- 
sis of a weighed sample of a zinc or cadmium or tin salt 
into a mercury cathode looked so easy that certain of the 
relatively inexpert had been intrigued by the method, 
and on this basis had advocated substantial downward 
revision of the combining weights in question. But as 
might have been expected, Baxter proved that quick- 
silver electrodes are no royal roads to exact results. 
The purification and weighing of the original sample of 
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metallic chloride or bromide presented to him no new 
problem. But the configuration of the cell, the trap- 
ping of the spray, the elimination of halogen as fast 
as it was liberated, the avoidance of oxidation of the 
amalgam or halogenation of the mercury, the estima- 
tion of residual traces of the metallic ion to be deter- 
mined and of mercury ion formed from the amalgam 
all had to be worked out by many careful tests. An 
interesting point was noted—that amalgams can be 
dried in a vacuum without loss of weight, but that if 
alcohol is used for drying, a weighable amount of 
mercury vapor will pass off with the alcohol vapor. 
The main argument was finally clinched by substituting, 
for the weighed portion of salt, a weighed button of 
pure metal under sulfuric acid. This was trans- 
ported electrolytically into the cathode, whereupon 
Baxter accounted for the cadmium within a few parts 
in a hundred thousand. That should come near to 
satisfying a federal income tax auditor. Correctly 
executed, then, the electrolytic method agreed admir- 
ably with the well-established method of converting 
metallic halide into silver halide. 

While Richards had already laid much stress upon 
diversification of the sources of his materials from 
geographical and geological standpoints, Baxter made 
the first precise determinations of atomic weights of 
meteoric iron, cobalt, and nickel. He showed those 
to be identical with terrestrial sources within a few 
parts in a hundred thousand, thus demonstrating the 
homogeneity of the universe over a wider range. Be- 
fore this simple conclusion was reached, five elaborate 
researches were carried out, each fortified with the ut- 
most precautions against error. Even now, he scarcely 
admits that the fundamental issue is settled. Alex- 
ander desired new worlds to conquer, but Baxter will 
never be content until he has obtained duly certified 
meteors from each and every galaxy of the universe 
and has converted them into pure fused ferrous, co- 
baltous, and nickelous bromides, ready for comparison 
with silver. 

The halides of boron, silicon, germanium, titanium, 
tin, and arsenic are volatile liquids, and are readily 
hydrolyzed. These properties make them almost 
ideal for exact gravimetric analysis. In a batallion of 
tiny distilling flasks blown together into a single 
piece of glass, given fractions of these compounds were 
held stationary with refrigerating agents, or moved 
along by baths held at carefully regulated tempera- 
tures, or sealed off when their time came to part com- 
pany from the main procession. Results, while ex- 
cellent, might, he thought, be further improved by 
rectification in each operation. The addition to each 
of the small flasks of a Hempel column with a jacket to 
be held at constant temperature was a rather large 
order. Baxter found that the most complicated frac- 
tionations could be carried out in a one-piece glass 
apparatus having just two such flasks used in alterna- 
tion. These were ingeniously connected to by-passes, 
a mercury valve, and plenty of small reservoirs. With 
the use of two different constant low temperatures main- 
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tained in column and receiver, respectively, the various 
fractions marched and counter-marched according to 
schedule. The volatile impurities imaginably present 
were tabulated according to their boiling points, and 
the procedure was planned to crack down on each of 
them in succession, without forgetting the possibility 
that mixtures of minimum or maximum vapor pressure 
might be formed. 

The proof by Brénsted that by slow vaporization the 
isotopes of mercury could be resolved to a measurable 
extent, followed by additional instances of the sort, 
raised the question whether the elaborate fractionations 
carried out as above might yield a mixture of isotopes 
not corresponding exactly to that in the original sample. 
Volatile halides already pure according to Baxter’s 
exacting standards were further fractionated, but no 
changes in combining weights could be observed, an 
outcome, after all, in harmony with the fact that rela- 
tively large vapor pressures, unfavorable to isotopic 
separation, always prevailed in Baxter’s columns. 
After that he slept better. 

The accurate evaluation of the very small deviation 
coefficients of the permanent gases such as oxygen, 
helium, neon, and argon, from measurements at one 
atmosphere and below, had already been the object of 
elaborate researches, but the results seemed to Baxter 
capable of improvement. The utmost accuracy was 
necessary if the packing effect was to be thoroughly 
understood. In 1923 he began a memorable series of 
papers, in collaboration with Dr. Starkweather, upon 
this subject. The very real advances which resulted 
could only be expressed in terms of a great number of 
very small improvements. Notable among these was 
purification by preferential absorption upon the mineral 
chabazite, already developed by Professor Lamb for 
somewhat different purposes. For the work in hand 
chabazite possessed marked advantages in comparison 
with charcoal. Gases strongly absorbed by it could be 
weighed in concentrated form at room temperature and 
low pressures. In the course of this work it was noticed 
that the product of pressure and volume of a sample of 
helium in a pyrex vessel decreased unaccountably and 
steadily in spite of all experimental refinements. 
Baxter then proved the leakage of helium through 
pyrex gravimetrically. He has weighed a globe con- 
taining it once a year for four years. On each new 
anniversary the residual helium has decreased by one 
per cent. 

The availability, in each research upon atomic 
weights, of one or more very pure dry substances always 
impelled Baxter to make determinations of density 
upon them, far more accurate than would have been 
necessary if the data had been designed solely for 
evaluation of corrections to vacuum. These data have 
already been invaluable in the study of the crystal 
lattice and cognate problems of the new physical 
chemistry. It was not a long step from this work to the 
density of aqueous solutions and the attempt to inter- 
pret the volume changes which occur when these are 
formed from their constituents. As early as 1911, 
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and ever since, for that matter, Baxter has concentrated 
his attention upon the separate factors such as the 
change in volume when liquid water is converted to 
water of hydration, instead of discussing the apparent 
molal volume of the solute in solution as did so many 
others. Over the years he has accumulated a vast 
array of precise data which has already yielded a wealth 
of tantalizing suggestions. It looks now as if the effort 
to develop a comprehensive theory of the liquid state 
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will prove to be the next big physico-chemical en- 
thusiasm, and we can confidently predict that Baxter’s 
values will be one of the most solid pillars which will 
some day support it. For each figure to the right of the 
decimal point from which uncertainty is banished, the 
less demoralizing will the use of the little word “‘is’’ 
appear to the philosophically inclined. For generations 
to come, Baxter’s data will remain a touchstone for the 
appraisal of many a physico-chemical theory. 





The CLEVELAND MEETING of the 
DIVISION of CHEMICAL EDUCATION 


THE next meeting of the Division of Chemical 
Education takes place in Cleveland, Ohio, during the 
week of September 10. It has been decided to devote 
most of the program at this meeting to the discus- 
sion of one main topic: Modernizing the Course in 
General Chemistry. Many people feel that the teach- 
ing of general chemistry has not kept up with the times 
as it should. Advances have been taking place so 


rapidly that teachers have not been able to adjust 


their points of view quickly enough to keep pace. The 
active chemist of today does not think in the same 
terms as he did even a few years ago. The very funda- 
mentals of the science have, to a large extent, changed. 
Particularly has this been true in the field of theoretical 
developments. But most teachers, simply because 
they do not know how to adjust themselves to the new 
order of things, are following the old beaten paths. 

We need fundamentally new viewpoints and new 
avenues of approach to the teaching of elementary 
chemistry, if indeed chemistry is becoming a funda- 
mentally new thing. 

When new theoretical developments are made they 
usually remain the subject of advanced discussions 
until, as frequently happens, they are seen to contain 
basic points of view which considerably modify our 
elementary conceptions. And so, by the force of 
necessity, they thrust themselves upon the elementary 
teacher. 

There are many teachers now who would like to bring 
their own courses up to date with respect to modern 
theory. To what extent can this be done; to what ex- 
tent is it even desirable; how should one go about it? 

It is hoped that this program may help to open up a 
new approach to the teaching of chemistry and at least 
to show by actual example how the elementary teacher 
can present a truly modern brand of chemistry to his 
classes. No doubt others besides teachers will find 
this program useful, particularly those who for many 
reasons have felt themselves unable to keep up with 


recent theoretical advances. These should welcome 
the opportunity to see elementary chemistry from a 
new angle. 

The symposium program will consist of invited papers 
as follows: 


MODERNIZING THE COURSE IN GENERAL CHEMISTRY 


WEDNESDAY 9:00 a.m. 


Introduction Norris W. RAKESTRAW 
“The Need of Modernizing the General Course” 

E. O. WILDMAN 

“Elementary Applications of the Quantum Theory” 

EE ee ee Cee tee .SAUL DUSHMAN 

“Nuclear Chemistry”’ Karit K. Darrow 

“The Nature of the Metallic State’’..W. CoNARD FERNELIUS 


WEDNESDAY, 12:15 P.m. 
Division Luncheon 


WEDNESDAY, 2:00 P.M. 


O. W. Davipson 
MARTIN KILPATRICK 

and Codrdination”’ 
* THomas P. McCutTcHEON 
“The Kinetic Molecular Theory and Its Relation to Heat 
Phenomena” Joun A. TIMM 


“Electrolytic Solutions” 
“Acids, Bases, and Salts” 
“Electro-valence, Co-valence, 


THURSDAY, 9:00 A.M. 


“Crystal Chemistry” Cuas. W. STILLWELL 
‘Reaction Mechanisms’ C. C. STEFFENS 
“Experiences in Modernizing the Introductory College 
Course’”’ C. R. Hoover 
“Experiences in Modernizing the Introductory High- 
School Course’ E. C. WEAVER 
Round Table and Business Meeting. 


In the absence of the secretary, who is on leave, all 
correspondence concerning the program of this meet- 
ing should be addressed to the chairman, Dr. R. A. 
Baker, 17 Lexington Ave., New York City. 


Norris W. RAKESTRAW, Secretary 





SOME EARLY THERMOMETERS 


EARL H. BROWN 


Antioch College, Yellow Springs, Ohio 


of early thermometers from the time of Galileo 
down to Fahrenheit. 

Inasmuch as there are available several scholarly 

treatises and shorter essays on the early history of the 


r YHE following is part of a collection of drawings 

















This sketch is from Dalencé, ‘‘Traittés des Barométres, Thermométres, 
. et Notiométres,’”’ 1688 


PLATE I 


This sketch might well represent the subject of the following 
description': ‘He [Galileo] took a glass bulb, about the 
size of a hen’s egg, to which was attached a tube approxi- 
mately two spans in length and of the diameter of a straw. 
He then heated the bulb with his hands and inverted it so 
that the tube was plunged into a vessel beneath. As soon 
as the air in the globe began to cool, the water rose to more 
than a span above the level of the liquid in the dish. Galilei 
employed this phenomenon in the construction of an instru- 
ment for investigating the degree of heat and cold.” 

The probable date of this experiment is 1603. 


thermometer, this presentation deals only with the 


instruments per se. 
The plates are arranged as well as possible to show 
the evolution of the instrument. 





Vlate It sarSag. 224. : 
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This plate was procured from The Edgar Fahs Smith Memorial Collection 
in the History of Chemistry, University of Pennsylvania 


PLATE II 


CorRNELIUS DREBBEL OF ALKMAR IS AMONG THOSE NAMED 
AS THE INVENTOR OF THE THERMOMETER 


This plate is from ‘‘A new method of chemistry” translated 
from the original Latin of Dr. Boerhaave’s ‘‘Elementa 
Chemiae... .”” by Peter Shaw, London, 1741. 

No particular description of these thermometers is given 


in the text. 


PrateE III 


Tus INSTRUMENT WAS DEVISED BY 

SANCTORIUS JUSTIPOLITANUS, PROFES- 

SOR OF THEORETICAL MEDICINE AT 

PADUA SHORTLY AFTER GALILEO’S 
TIME 


It was used as a clinical thermometer. 
The bulb was heated and the open end 
placed in a vessel of colored liquid. 
When the bulb cooled, the liquid rose 
to a certain height in the tube. The 
patient then held the bulb in his mouth 
“for ten pulse beats’ which caused 
the liquid to descend the tube thus 
indicating the temperature 





Plate after Burckhardt, ‘‘Die Erfindung des Thermometers und seine 
Gestaltung in 17 Jahrhundert.” 


1F. BuRCKHARDT, “Die Erfindung des Thermometers und 
seine Gestaltung in 17 Jahrhundert,” 1867. This and subsequent 
quotations from Burckhardt are from an unpublished translation 
by PRoFEssor E. H. JoHNSoN, Kenyon College. 
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PLATE V 


Turis PLATE SHOWS AN AIR THERMOMETER DE- 
SCRIBED BY ATHANASIUS KIRCHER IN 1643 


The air when heated in the bulb forces the liquid 
upward in the tube. 

This instrument had one advantage in that it was 
easily plunged into a liquid, a thing }which was 
difficult with some other forms. 


Plate after Burckhardt 








Plate from Dalencé 


PLATE VI 


DALENCE CONSIDERS THE THERMOMETER SHOWN IN THIS 
PLATE A CONSIDERABLE IMPROVEMENT IN DESIGN OVER 
THAT OF PLATE I 


As examination shows this is a one-piece instrument while 
that of Plate I consists of two parts. 
Bulb B contains air, while about half the stem AA and 
bulb £ contain a colored liquid. Bulb £E is open to the 
atmosphere. 


PLATE IV 


IN THE EarRLy Days OF THE THERMOMETER, 
THERE Was CONSIDERABLE EFFORT TOWARD 
IMPROVEMENT WITHOUT A CLEAR UNDERSTANDING 
OF THE REASONS FOR THE APPARENT DEFECTS 


This is an instrument described in 1644 by 
Marin Mersenne, scientist, traveler, theologian. 
It differs little from those employed by Galileo 
and Sanctorius. The expansion and contraction 
of the air in the large bulb cause the movement 
of a short column of liquid in the stem. This 
thermometer was thought to be more sensitive 
than its predecessors. 


Plate afier Burckhardt 














PLATE VII 


ONE OF THE Most PRETENTIOUS 
OF THE AIR THERMOMETERS WAS 
THAT CONSTRUCTED By OTTO 
VON GUERICKE AND Is SHOWN 
HERE. THE FOLLOWING Quo- 
TATION IS FROM JOHNSON’S 
TRANSLATION OF BUCKHARDT’S 
TREATISE: 


“A is a hollow copper sphere 
of about the size of the receiver 
onanair pump. BC isa copper 
tube about an inch in diameter, 
extending from the sphere for 
about seven yards. Attached 
to this is a second copper tube 
into which is poured spirits of 
wine, the quantity depending on 
the size of the tube. In this 
tube is placed a smaller tube of 
brass, and about 1/, of a yard 
long, having been previously 
loaded with small shot until its 
specific gravity was the same as 
that of the liquid. To this little 
piston is attached a waxed 
thread EM, which passes out 
of the tube, over a little pulley 
F, and has at its other end a 
little figure—an angel or a little 
naked boy—which points to the 
tube with its finger. The two 
tubes are inclosed in a wooden 
case so as not to be visible, and 
the onlooker is shown a trick. S 
The little figure points with its 
finger to the degrees marking 
the temperature. There is a UIC 
valve H in one side of the copper — 
sphere, which the inventor calls ' 
the “nombril” of the sphere. From this opening air is removed 
by appropriate apparatus which is connected with an air pump 
until the figure hangs in the proper place. If one does not know 
the proper position, let him draw the air out when the cold 
misty nights come on, for then the figure must hang about half 
way up. Besides, practice brings improvement in everything. 
The discoverer of the Magdeburg experiments has this ‘sphere 
hanging on the wall of his house where the sun never shines. 
It is painted blue, decorated with gilt stars and bears the super- 
scription: Mobile Perpetuum.” 


Plate after Burckhardt 
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Plate fromi'Dalencé 


PLATE VIII 
THIS INSTRUMENT Is oF INTEREST FOR Two REASONS.™ IT 
Is ONE OF THE FIRST INSTANCES OF THE USE OF MERCURY 
IN A THERMOMETER AND IT IS INDEPENDENT OF AIR PRESSURE 


Section AF of the stem is evacuated. Mercury fills the 
tube from F to C. Bulb D contains air and is closed at the 
upper end. . 

This thermometer is described by Dalencé and Burckhardt. 


PLATE X 


BLOWER AND INSTRUMENT MAKER 


The space in A above the mercury is evacuated. 


Tuts Is A DRAWING OF A THERMOMETER CON- 
STRUCTED BY HUBIN, A FAMOUS PARISIAN GLASS- 


Bulb C contains air. A column of water extends 
from D to the middle of bulb B. A column of 
mercury extends from the center of B well into A. 
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Plate from Dalencé 
PLATE IX 


A SECOND Mopet or A CLOSED, AIR THERMOMETER 
DESCRIBED BY DALENCE Is SHOWN HERE. THE FOLLOWING 
DESCRIPTION Is FROM His Book 


“AA is a glass tube which in the completed instrument is 
closed at both ends. It is about five inches long and has an 
internal diameter of about four lines. BB is a smaller glass 
tube inside the tube AA. 

In order to assemble the thermometer, the smaller tube 
which is closed at one end, is filled with mercury. 

“The mercury-filled tube BB is then held with the open 
end uppermost and sealed within AA in such a manner that 
one end of BB remains open. 

“This done, the instrument is suddenly inverted. The 
mercury heretofore contained in BB is now free to flow and 
being heavier than the air of AA flows part way into AA 
compressing the air contained therein and causing a partial 
vacuum in BB.” 


Hubin compared his thermometer with one of 
the Florentine instruments and found the apparent 
expansions for a certain increase in temperature to 
be in the ratio of 216 to 4. 


Plate after Burckhardt 











Aucust, 1934 


PLATE XI 


IN THE INSTRUMENTS THUS FAR SHOWN, THE 
EXPANDING MATERIAL HAS BEEN AIR 
PERHAPS THE FirST RECORD OF THE USE OF A 
Liguip AS EXPANDING MATERIAL IN A THERMOM- 
ETER Is THE FOLLOWING 


“Il y a diversité de thermoscopes ou thermom- 
étres, a ce que je voys; ce que vous en dites ne 
peut convenir au mien, qui n’est plus rien qu’une 
petite phiole ronde, ayant le col fort long et deslié. 
Pour m’en servir, je la mets au soleil, et parfois a 
la main d’un fébricitant, l’ayant toute remplie 
d’eau, fors le col; la chaleur dilatant l’eau fait 
qu’elle monte; le plus ou le moins m’indique la 
chaleur grande ou petite.” 

The above quotation is from Burckhardt and is 
part of a letter from Jean Rey to Marin Mersenne. 

The sketch was made from the above description. 
Whether or not the upper end of the stem was closed 
is not known. 

The probable date of this instrument is 1631. 








“Saggi di naturali esperienze fatte nell’ Accademia del 


Cimento,” 1666 
PLATE XII 


TuIs PLATE SHOWS SOME OF THE INSTRUMENTS DEVELOPED’ 
BY THE ACCADEMIA DEL CIMENTO (1657-1667) 


The following descriptions of the individual thermometers 
are from Johnson’s translation of Burckhardt’s book. 

‘The first (Figure 1) consists of a bulb and a narrow glass 
tube of such internal diameter that the alcohol stands at that 




















PLATE XIII 


Tuts Is ONE OF SEVERAL FOUND IN DALENCE’s LITTLE BOOK 
SHOWING THIS PARTICULAR TYPE OF INSTRUMENT 


The stem is about three feet long. Dalencé recommended 
that large bulbs be flattened. 


part of the scale marked 20 when the instrument is packed 
in ice and snow—and not higher than 80 degrees in extreme 
summer heat... . The tube is carefully graduated, its entire 
length being divided into ten equal parts which are indicated 
by beads of white enamel. Then each of these spaces is 
further subdivided into ten equal parts by nine bits of black 
or colored enamel. The tube is then hermetically sealed. 
Alcohol is used. . . . The practice of coloring the alcohol was 
already old. 

“The second thermometer (Figure 2) is similar to the 
first except that it is graduated in fifty instead of one hundred 
divisions, and while the former gives a reading of 16 or 17 
degrees in winter, this one reads 11 or 12. When the first 
stands at 80 in intense heat, the second goes only to 40. 

“The fourth thermometer (Figure 4) consisted of a bulb 
with a spirally coiled tube by means of which small differ- 
ences of temperature could be observed. The fifth (Figure 
5) employed the thermometric glass bulbs.”’ 
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PLATE XIV 


THE STEMS OF MANY OF THE FIRST THERMOMETERS WERE 
VERY LONG AND CONSEQUENTLY THE INSTRUMENTS WERE 
DIFFICULT TO CaRRyY ABOUT 


This plate is from Dalencé and shows the results of a few 
of the efforts to make use of a long stem in a compact instru- 
ment. 


PLATE XV 


Tus Is SIMILAR TO FIGURE 5, PLATE XII 


Dalencé describes the instrument as follows: ‘‘There has 
been invented another type of thermometer differing radically 
from those previously described. 

“AB is a glass tube about four or five inches long and an 
inch and a half in diameter. This tube is hermetically sealed 
at A and B, after having almost filled it with alcohol, in which 
float ten or a dozen little balls blown from colored glass. 
When it is very cold, all the little glass balls are at the top 
of the thermometer, and they descend as the temperature 
increases to the extent that when the temperature is suffi- 
ciently high all the balls are at the bottom.” 


Plate from Dalencé 


PLATE XVII 


Tus PLATE SHOWS SOME OF FAHRENHEIT’S FIRST THERMOM- 
ETERS. DESCRIPTIONS OF THE INSTRUMENTS APPEAR ON 
THE PLATE 


From ‘‘A new method of chemistry ...’’ translated from the 
original Latin of Dr. Boerhaave’s ‘‘Elementa Chemiae . ..’’ 
by Peter Shaw, London, 1741. 


This plate was procured from The Edgar Fahs Smith Memorial Collection 
in the History of Chemistry, University of Pennsylvania. 























Plate from Lalencée 


PLATE XVI 


Tus INSTRUMENT Is INTERESTING INASMUCH AS DALENCE 
States THaT It Micut Be UseEp As A CLINICAL THERMOM- 
ETER. HE HAS THE FOLLOWING TO Say ABOUT IT: 


“.,. an instrument of this type was made in the shape of a 
small turtle that it might the more easily be applied to the 
arm. When it is applied during fever, the number of balls 
that descend over a period of seven or eight minutes due to 
the heat communicated by the body is noted; the same is 
done during another excess of temperature and by comparing 
the two observations the conclusion is drawn that the fever 
that caused the descent of the greater number of balls is the 
more violent.” 





The method of scientific investigation is nothing but the expression of the necessary mode of working of the human 


mind. It ts simply the mode at which all phenomena are reasoned about, rendered precise and exact. 


There ts no 


more difference, but there is just the same kind of difference, between the mental operations of a man of science and 
those of an ordinary person as there is between the operations and methods of a baker or of a butcher weighing out 
his goods in common scales, and the operations of a chemist in performing a difficult and complex analysis by means 
of his balance and finely graduated scales. ‘It ts not that the action of the scales in the one case, and the balance in 
the other, differ in the principles of their construction or manner of working; but the beam of one is set on an in- 
finitely finer axis than the other, and of course turns by the addition of a much smaller weight—Tuomas HuxLey 





The PRONUNCIATION of 
CHEMICAL WORDS 


E. J. CRANE 


The Ohio State University, Columbus, Ohio 


HE CHEMICAL teacher has much influence on 
b pedene pronunciations. The vocabulary of 

the student contains only a limited number of 
chemical words when he starts to study chemistry. 
He learns the pronunciations which he is likely to use 
for the rest of his life from his teacher. Accordingly 
the teacher is perhaps especially interested in any 
effort made to standardize the pronunciation of chemi- 
cal words. The dictionaries differ. There has really 
been no authoritative standard, no place to which the 
teacher or other interested chemist, as one called on to 
make a radio talk, could turn with confidence for 
help. 

In an effort to be of service in this matter the Nomen- 
clature, Spelling, and Pronunciation Committee of the 
American Chemical Society has made a rather extensive 
study of chemical pronunciations. A thorough can- 
vass of usage was made and the help of competent 
phoneticians and dictionary experts was obtained. 
The committee’s report is published in full in Ind. Eng. 
Chem., News Ed., 12, 202-5 (May 20, 1934). The report 
includes a list of 437 chemical words for which recom- 
mended pronunciations are indicated. It also in- 
cludes 12 rules offered as ‘‘an expression of trends to 
be encouraged.” These rules follow: 


(1) Accenting names of chemical substances on the final 
syllable is to be discouraged in all cases where the preference for 
such an accent is not emphatic. The names amine, arsine, qui- 
none, and sulfone and words ending in these names (also the 
suffix -phenone) represent most of the exceptions. The general 
trend of the accent in the English language is recognized by 
authorities to be away from the end and toward the beginning of 
the word. However, when the last syllable of a word is a sig- 
nificant suffix, as -al for aldehydes, it is not slurred by chemists. 

(2) In the interest of uniformity and in accordance with a 
general trend of English pronunciation in America, the ending 
-ide should be pronounced -id. This appears to be uniformly the 
practice in inorganic chemistry. Many organic names are so 
pronounced also. Certain organic terms, however, are pro- 
nounced -id by many, as acetanilide, imide, phthalimide, lipide, 
amide, and several words ending in -amide. 

(3) For chemical names ending in -ime, usage is divided 
between the pronunciations -én and -in, with a tendency in 
favor of -én. Since a distinction in spelling is made by many 
between names of bases ending in -ine and names of nonbases 
ending in -in, the pronunciation -én for the ending -ine is to be 
encouraged. (It is unfortunate that this conflicts in sound with 
the pronunciation of the ending -ene, but it is believed that this 
will cause confusion only with a very few words, as benzine and 
benzene, fluorine and fluorene. As to the pronunciation -in, 
usage, at least in America, is very strongly against it, and it 
would conflict with the pronunciation of the new ending -yne 
adopted for names of acetylene hydrocarbons.) Quinine, be- 
cause of strong popular usage, is an exception. 


(4) The pronunciation -6/ for the ending of names of alcohols 
and phenols (except the word alcohol itself!), whether regrettable 
or not, seems firmly fixed and should be recognized. Emphasis 
on a significant ending is probably an influence in this practice. 
Chemical terms not belonging to the above classes, but generally 
pronounced -d/, should be spelled with a final e; examples, mole, 
pyrrole. This is in accordance with the recommendation of 
the International Committee on Organic Nomenclature. For 
sol and words ending in -sol the spelling -o] and the pronunciation 
-6l should be encouraged. : 

(5) The ending -y/ should be pronounced -i/. The pronuncia- 
tion -é is apparently a Germanism, and, although still in use to 
some extent, is to be discouraged. The pronunciation -i, ap- 
parently common in England, is seldom heard in the United 
States. 

(6) The ending -ile (as in nitrile). Usage is divided among 
the pronunciations -7/, -il, and -él. The second of these is identi- 
cal with the pronunciation recommended for -yl, and the third is 
apparently a Germanism. The pronunciation -i/ should be 
favored. 

(7) The endings -acic, -alic, -anic, -aric, -elic, -enic, -ertc, -etic, 
-idic, -ilic, -inic, -isic, -onic, -opic, -oric. A rather extensive 
study of the pronunciation of such endings shows a preference for 
a short vowel preceding -ic in all but a few cases. This result is in 
accord with age-old general English usage and is to be approved. 
Acetic (4-sé’tik) is a very emphatic exception. Other exceptions 
are cetic (sé’tik) and ceric (sé’rik) and adjectives derived from 
the names of unsaturated hydrocarbons (because of the influence 
of the significant -ene ending). 

(8) The ending -olic. This ending is an exception to the 
rule for words ending in -ic [compare (7)], perhaps owing to the 
influence of words ending in -ol. Inasmuch as ten cases out of 
twelve studied favor the long 6, some of them by very large 
majorities, it is recommended that this ending be uniformly pro- 
nounced -d’/ik. 

(9) Adjectives ending in -ic should be accented on the next to 
the last syllable, as glycer’ic, not gly’ceric. In names of salts 
the accent, following the trend indicated in (1) above, usually 
moves one syllable (occasionally more) toward the beginning 
of the word, as gly’cerate, sal‘icylate. 

(10) The ending -ime. In oxime, at least, this should be 
pronounced -ém, to accord with usage, though this is contrary to 
the normal English trend. 

(11) The ending -oin should be pronounced as two syllables, 
-d-in, with the accent coming on the preceding syllable (as, 
bén’z6-in, fii’rd-in). In certain words where the addition of a 
chemical suffix causes two vowels to come together there is a 
natural tendency to merge them and thus change their sound, 
as thebaine, linalool. While concession must be made to usage in 
particular cases, as cocaine, the pronunciation of such vowels 
separately is to be encouraged. The use of the dieresis is helpful, 
as linalodl. 

(12) Words ending in -valent should be so pronounced that the 
last two syllables are -v4-’lént; as tri-va-’lént (not triv’d--lént). 


Reprints of the full report, which includes the word 
list, can be obtained from the chairman of the com- 
mittee, E. J. Crane, The Ohio State University, 


Columbus, Ohio. A charge of five cents per reprint 
(postage acceptable) to cover cost is made. 
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FLAMMABLE SOLVENTS— 
THEIR PROPERTIES 


A Lecture before Beginning Work in the Organic or Asphalt Testing Laboratory 


AUGUSTUS H. GILL 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


HE WRITER has been giving instruction for 

many years in the analysis of road materials— 

asphalts, tars, and oils—involving the use of 86° 
gasoline and carbon bisulfide. This is probably one 
of the most dangerous of instruction laboratories, for 
in the usual organic laboratory the volatile liquids 
are mostly confined in flasks or separatory funnels, 
whereas filtration of solutions of the above solvents 
is involved in the road materials analysis. To familiar- 
ize the student with some properties of these solvents 
a preliminary lecture is given upon the behavior of 
these and other solvents. 

Attention is called to the fact that the vapors are 
all heavier than air, and sink therein as does a stone 
in water. This is shown by actually pouring 86° 
gasoline vapor, not the liquid, from one beaker into 
another and setting fire to the vapor in the latter. 
These vapors flow just like liquids. This is shown by 
using a twelve-foot length of four-inch galvanized 
iron gutter with one end elevated 2 feet above the 
other, which ends at a short, lighted candle. When 
5 ce. of 86° gasoline is poured into the top of the 
gutter it flows about half way down as a liquid, con- 
tinuing as vapor, to ignite from the candle and flash 
back to.the top of the gutter. This illustrates the 
specific gravity and volatility of the gasoline and 
the fact that it always flashes back to its source. 
Cases are on record in which vapor has flashed back 
sixty feet, setting fire to the oil storage whence it 
came. 

A further illustration is furnished by a recorded 
automobile fire. While the rear tank was being filled, 
the owner lighted a cigaret at the front of the car. 
The breeze carried the gasoline vapor the length of the 
car where the vapor stratum was ignited. 

For the production of a flame, two conditions are 
necessary—a sufficiently high temperature to ignite 
the vapors, and the proper mixture of air and com- 
bustible vapors. To demonstrate the first, put about 
500 ce. of 86° gasoline into a tall (about 12-inch) 
6-liter beaker. Cover it with an 8-inch glass funnel 
to serve as an extinguisher. Remove the funnel after 
a few minutes and insert a long, glowing splinter of 
northern pine wocd into the vapor. It will not inflame 
if care be taken that the splinter is only glowing, 7. e., 
with no small flames on it. Try similarly an actively 
smoked pipe, cigar, or cigaret. It is advisable to 


smoke these by attaching them by a rubber holder 
and tubing to the suction pipe. The ashes can be 
knocked off into the gasoline to give a glowing, un- 
covered end. In these four experiments the different 
substances will all cease to burn, as the air is excluded 
by the excess of gasoline vapor. 

Molten solder can be dropped into gasoline without 
harm, and the liquid can even be stirred with the hot 
soldering copper itself. The danger in soldering comes 
from the match flame used to light the torch or from 
the torch itself. So in the case of smoking, the match 
flame causes the ignition and not the glowing tobacco 
(though flame-bearing tobacco will do so). Gasoline 
may even be stirred with a '/;-inch iron rod heated to 
a dull red, but look out for white heat! To ignite 86° 
gasoline a cherry red or white heat is necessary (above 
780°C.) or the flame of a pine splinter or an electric 
spark. 

To demonstrate the flammability of the vapor, 
remove the funnel from the beaker and insert the 
flaming splinter; the flames, which mount to a height 
of several feet, are readily extinguished by the funnel, 
the thumb closing the stem. 

For electrical ignition, make a device whereby a spark 
can be passed between wires supported on a bent glass 
rod which can be dipped into the liquid gasoline 
and then gradually withdrawn. Lower the sparker 
almost to the surface of the liquid, then make the spark, 
dipping it into the gasoline itself and gradually with- 
drawing it; the gasoline vapor will take fire about 
three inches from the liquid surface. The spark does 
not set fire to the vapor immediately over the gasoline 
for lack of air—the mixture is too rich. This illus- 
trates the necessity of the correct amount of air. 

The foregoing lecture demonstrations are supple- 
mented by the following experiments which show the 
relative inflammability of the solvents. 

Apparatus needed: No. 7 porcelain crucible, 4-inch 
funnel, lamp, thermometer, matches, and, if wooden- 
topped desks are used, a sheet of asbestos or transite 
6 inches square. 

Experiment 1. Fill the crucible one-third full of 
carbon bisulfide, heat the thermometer to 250°C., 
and bring it over the crucible. Extinguish the ensuing 
flame with the 4-inch funnel holding the thumb over 
the stem. 

Experiment 2. Repeat Expt. 1 using 86° gasoline 
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and employing a match to ignite the vapor; extinguish 
as before. 

Experiment 3. Repeat Expt. 2 using benzol. 

Experiment 4. Repeat Expt. 2 using chloroform 
(showing that a volatile liquid is not necessarily 
inflammable). 

The ease with which these various liquids are ignited 
is to be carefully noted and remembered; every 
flammable substance has its kindling point, as every 
politician is said to have his price. 

This brings us to the directions for laboratory work. 
On account of the sticky nature of the materials handled, 
it is absolutely necessary for the student to provide 
himself with a long laboratory coat, and wear it at 
. all times in the laboratory. For a similar reason, and 
also on account of the fire risk, books, slide-rules, etc., 
should be kept in the desk drawer and not exposed on 
the desk top. 

Two rules if followed will diminish fire danger: 


(1) Never open a bottle of inflammable liquid, or 
handle an open vessel containing such liquid, without 
first looking to see where the lighted gas burners are, 
and avoiding them. 

(2) Never light a match without seeing if there 
be inflammable liquids in open dishes or bottles in 
the immediate neighborhood, and removing them. 


In handling these liquids it should be remembered 
that the vapors of them all are much heavier than air 
(about three times as heavy) and flow like a stream 
of water; they can be poured from one vessel into 
another. Consequently, they may flow several feet 
along the top of adesk toa flame. Gas burners should 
be lighted only when needed and extinguished as soon 
as possible. 


EXTINGUISHING FIRES 


If a fire occurs, it should be handled promptly and 
without panic. See that all gas jets are turned out 
and all inflammables removed to a safe distance. 
The fire is to be fought by excluding air and absorbing 
the liquid in sand or sawdust.! The use of water is 
not advised for two reasons: the burning liquids 
float upon it, and the damage due to water may exceed 
that due to fire. The chemical fire extinguisher, by 
which the fire is smothered with foam and carbonated 
water, as with a blanket, is excellent. A liquid burning 
in an open dish may be extinguished by clapping on 
a cover of asbestos board or a folded wet towel. Where 
complicated apparatus takes fire, it is to be covered 
with an asbestos or woolen blanket, laboratory coats, 
or damp towels. Clothing on fire is to be similarly 
treated. Under no circumstances should the person 
run. 


1 BARRIER, Eng. News, 69, 217 (1917). 
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Students should learn the position of sand pails, 
extinguishers, and blankets, and if a fire occurs, an 
instructor should be notified at once. He will take 
charge of the volunteer fire brigade. 

In cleaning apparatus, water is not to be used except 
for removal of dust or water-soluble salts; bituminous 
materials are best removed with solvents such as benzol 
or carbon tetrachloride. These are better than carbon 
bisulfide, which, on account of its ready inflammability 
and poisonous character, is to be used just as little as 
possible. The inhalation of its vapors is to be specially 
avoided. 

Oils, tars, etc., are to be wiped up or absorbed with 
cotton waste, kept in galvanized iron cans, and when 
used it is to be put immediately into the special waste 
can. Bits of cotton waste left lying about or thrown 
into waste jars increase the fire risk. Similarly, all 
oils, solvents, etc., must be poured into the receptacles 
provided and on no account into the sinks. 

In the twenty years that instruction has been given 
in road materials we have never had a fire, thanks to 
the observance of these precautions and rules: the 
present class does not want to be the exception and 
“start things.” One fire and one only was caused by 
the unexpected and sudden breaking of the 500-cc. 
retort in which a Tarvia B was distilled, emphasizing 
the need of a laboratory coat. 

It may be helpful to include the directions for keep- 
ing the notebook. 


DIRECTIONS FOR KEEPING NOTEBOOKS 


Make a heading for each page. 

Date your work and write up your diary every day. 

Index each new subject. 

Leave 4 pages at front for an index. 

Leave 6 pages at end for a diary. 

Enclose percentage of constituent found in a free- 
hand rectangle thus: | % SO; = 1.42 | Leave 


one line beneath it. 
Cite references consulted, e. g., 
Allen: Org. Analysis, 38rd ed. (1899), Vol. II, 
Pt. 1, p. 276. 
Smith: J. Soc. Chem. Ind., 24, 234 (1905). 
8. Do not write upon the last two lines or within 1/, 
inch of the edge of the page. 








Some may object to these instructions as being 
“too cut and dried.”” The arrangement is time-saving 
to the instructor, and in after life invaluable to the 
future employer. He wants to know where in the 
notebook the work is to be found, when it was done, 
perhaps the time it required, what was done and how, 
and finally the results obtained. In a notebook kept 
according to this scheme all these things can be de- 
termined almost at a glance. Contrast this with the 
hodge-podge one sometimes finds. 








THE PRESENT CARLSBERG LABORATORY, COPENHAGEN 


The director is S. P. L. Sérensen, best known to students of chemistry as the inventor of the pH 


concept. 


This laboratory was opened in 1896. 


KJELDAHL and the DETERMINATION 
of NITROGEN 


RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


OMMEMORATION of the anniversaries of his- 
torical events is a practice which the chemical 
world sometimes follows, and as the Kjeldahl 

method of determining nitrogen has just entered on the 
second half-century of its usefulness, this seems an 
appropriate time to pay tribute to this invaluable 
analytical aid and to its inventor, to whom its dis- 
covery brought a lasting international reputation. 
The method was made public for the first time in a 
lecture delivered to the Chemical Society of Copen- 
hagen on March 7, 1883, and shortly thereafter ap- 
peared in the Zeitschrift fur analytische Chemie (22, 
366) under the title, “A New Method of Determining 
Nitrogen in Organic Materials.’’ The paper opens 
with an apposite discussion: 


The determination of nitrogen occupies a place of special and 
important significance in the ultimate analysis of organic mate- 
rials. While the quantitative estimation of carbon and hydrogen 
is usually of interest only in purely scientific studies—the fixing 
of the composition of new compounds, etc.—the determination 
of nitrogen is especially important in technical practice since it 
affords the only fairly accurate means now known of evaluating 


the protein content of various animal and vegetable products 
which are often best assayed through this content. Conse- 
quently, there is frequent and imperative necessity for nitrogen 
determinations in technical research laboratories, in agricultural 
experiment stations, in physiological institutes. In many cases 
such determinations made regularly would be of valuable aid in 
the control of certain industrial proeesses utilizing nitrogenous 
raw materials. If, however, nitrogen determinations are not 
made oftener than is now the case, the reasons are not far to 
seek. This determination is always a relatively tedious task, 
no matter whether the Dumas or the Will-Varrentrapp method 
be employed, full advantage being taken of all the improve- 
ments and simplifications of the technic which the experience 
of many years and the coéperation of many workers have brought 
to these methods. A single determination requires several hours’ 
work, and the constant attention with which the whole course 
of the analysis must be followed precludes the tarrying out of 
many analyses simultaneously. Hence such analyses, if a whole 
series of nitrogen determinations must be made daily, can only 
be accomplished with great expenditure of labor. Furthermore, 
the usual ultimate analysis demands a certain degree of pro- 
ficiency and can therefore be accomplished only by skilled 
chemists, and also an expensive special piece of apparatus 
(combustion furnace) is necessary. Therefore it is clear why 
these determinations could only be carried out in real chemical 
laboratories and why in these they have taken up a dispropor- 
tionate share of the time of the chemist and physiologist. 
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KJELDAHL IN THE OLD CARLSBERG LABORATORY, COPENHAGEN 


This is a photograph of an oil painting by Haslund which is hung in the 
council room of the Carlsberg Laboratory. Opposite is hung the companion 
picture of Kjeldahl’s colleague, Hansen, reproduced on page 462. 


A closer examination of the pre-Kjeldahl methods 
will not only emphasize what he himself wrote but 
will give a truer background from which to appraise 
the value of his contribution. The Will-Varrentrapp 
method has now practically passed into oblivion; not 
many of those practicing chemistry today have used 
it, though occasionally it gives reliable results when 
other methods fail. Brought out in 1841 (Amn., 39, 
257) it was welcomed, for its essential feature was the 
conversion of the nitrogen of the sample into a chemi- 
cal compound whose quantitative determination was 
easy and sure as compared with the uncertainties then 
residing in the gasometric methods. The method in 
brief is as follows: The sample together with soda 
lime is placed in a tube drawn out to a point at one end, 
the other end being joined to a receiver charged with 
acid. The contents of the tube are carefully heated, 
the nitrogen is evolved as ammonia (or related bases) 
and after the reaction is over, the tip of the tube is 
broken off and the residual gases are drawn through 
the acid by aspiration. Originally the analysis was 
completed by determining the ammonia produced as 
chloroplatinate or platinum, but with the development 
of volumetric analysis it was found more convenient 
to absorb the ammonia in standard acid. Of the 
numerous modifications which have been suggested 
few have proved of real value and the same may be 
said of the criticisms aimed at this method. It is, of 
course, not applicable to nitro compounds, etc., but 
used understandingly and skilfully it will do all that 
its inventors claimed for it and it played an honor- 
able part in the development of organic chemistry. 
Of necessity it was doomed to abandonment as soon 
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as there was available another 
method which is not only as reli- 
able but simpler, quicker, less ex- 
pensive, more convenient, and in 
general better suited to the quick- 
ened pace of pure and applied 
chemistry. 

The Dumas method, in the 
hands of competent analysts who 
are cognizant of the errors attend- 
ing the gasometric determination 
of nitrogen, is doubtless the most 
reliable and accurate of all present- 
day procedures, but this was not 
always the case. So uncertain was 
its performance in its youth that 
though it [Ann. chim. phys., [2], 47, 
198 (1831) ] was ten years the senior 
of the Will-Varrentrapp method, 
the latter almost immediately took 
the center of the stage and indis- 
putably held that position for 
twenty years. The Dumas method 
is so well known that even an ab- 
stract of the procedure is superflu- 
ous here, but most of those who 
use it have little, if any, knowledge 
of the efforts that have gone into bringing it into its 
present state of excellence. The history of an ana- 
lytical procedure is often as fascinating and instructive 
as the biography of a scientist, and many teachers 
as well as their students would profit greatly by such 
studies. They would then learn the great truth that 
analytical procedures are not found inscribed on tab- 
lets of stone but are products of evolution, and their 
inherent faults, like those of humans, are eradicated 
largely by the labors of those who work not for their 
own advancement but for the making of a better 
world. Some of the problems that had to be solved 
before the Dumas method could become worthy of a 
place in the chemist’s armory were the discovery of: 
(1) tractable sources of carbon dioxide; (2) methods 
of completely removing the air from the combustion 
tube; (3) sure means of de-oxidizing nitrogen oxides; 
(4) impeccable reducing agents for the copper spiral, 
since hydrogen was found to be absorbed and later re- 
leased; (5) simple yet trustworthy azotometers. All 
the defects of the method have not yet been com- 
pletely eliminated and the excellent results it delivers 
are probably due to a fortunate compensation of errors. 

No matter what improvements are attained, the 
Dumas and the Will-Varrentrapp methods must 
patently remain tedious, expensive, and delicate oper- 
ations and utterly unsuited to large-scale, routine de- 
mands. Furthermore, samples that resist being finely 
divided obviously cannot be properly mixed with soda 
lime, copper oxide, etc., and the analysis of liquid 
samples also presents difficulties. It is not surpris- 
ing then that attempts were made to substitute flasks 
for the fragile tubes and also to discover wet methods 
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that, because of their easier regulation, would obviate 
the constant supervision occasioned by the heating 
of dry mixtures. These schemes were either of limited 
applicability or were burdened with “improvements” 
until they became too complicated to be of general 
value. Mere oxidation of the samples gave indifferent 
success and, following the lead of the Will-Varrentrapp 
method, boiling with caustic solutions or fusion with 
alkalies gave satisfactory results only with compounds 
which are direct derivatives of ammonia. However, 
these attempts showed that complete ammonification 
can only be expected to follow a preliminary destructive 
treatment of the organic substance. Alkaline per- 
manganate gives incomplete decomposition but, never- 
theless, this formed the basis of Wanklyn’s method 
(1877) of determining the protein content of vegetable 
material, a method which, though unreliable, was 
widely used. Grete (1878) and Dreyfus (1883) used 
concentrated sulfuric acid in the preliminary treat- 
ment of wool, horn, leather, and fertilizers in order to 
make these substances, which are hard to subdivide, 
more susceptible of attack by soda lime. The charred 
acid residue was mixed with an excess of soda lime or 
calcium carbonate and the resulting dry mass was 
transferred to a tube and carried through the Will- 


JEAN BaPTISTE ANDRE DUMAS 
1800-1884 


Varrentrapp procedure. At this point Kjeldahl ap- 
peared on the scene, and he had a very personal stake 
in the solution of this problem because the progress 
of his researches was greatly handicapped by the non- 
existence of a quick yet reliable method of determin- 
ing nitrogen in grains, malts, etc. 

Kjeldahl knew that the simple apparatus and the 
easy technic of the Wanklyn method were well suited 
to his purpose and so he began the search to so modify 
this admittedly defective method that complete con- 
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version of the nitrogen of proteins, etc., into ammonia 
could be assured. Reasoning that there would be a 
greater tendency toward ammonia formation in the 
presence of acid, he boiled his samples with solutions 
containing dilute sulfuric acid and excess permanganate. 
Alkali was then added, the ammonia distilled out, and 
though the yield was higher, the conversion was still 
quite incomplete and the results fluctuated. En- 
couraged, he continued his efforts along this line and 
eventually discovered that the total nitrogen content 
of practically all the materials in which he was then 
interested could be converted into ammonia by treat- 
ing the material first with boiling concentrated sul- 
furic acid until a solution was formed in which the 
nitrogen was either present as ammonium sulfate or in 
such combination that oxidation by the addition of 
excess powdered permanganate completed the am- 
monification. The firm foundations of the method had 
been laid, but much tedious labor was consumed be- 
fore the method could be given to the chemical world. 
Kjeldahl worked out the numerous details, he checked 
and tested each step, and when his paper appeared 
it set forth a really practicable procedure. 

The relative simplicity of the new method attracted 
widespread attention; it was promptly tested, par- 
ticularly in the German agricultural stations, and the 
verdict was favorable. Experience not only confirmed 
the exéellences but also brought to light possible im- 
provements, for the method possessed the high virtue 
of not only being better but of being capable of better- 
ment. The improvements and modifications ran chiefly 


AN OLD PHOTOGRAPH OF KJELDAHL 








A Group IN KJELDAHL’S LABORATORY 


Reading from left to right: 
and then to Sérensen; (2) 


in the following channels: (1) the use of mercury 
and copper compounds, etc., as accelerators in the 
digestion, a field opened up by Wilfarth in 1885; (2) 
the inclusion of potassium sulfate in the digestion mix- 
ture, an advance suggested by Gunning in 1889; (3) 
the development of multiple digestion and distillation 
equipment, the first example of many being that con- 
structed in 1884 by Heffter, Hollrung, and Morgen; (4) 
the multifarious stillheads or spray traps, the earliest 
design being that of Reitmair and Stutzer, 1885 
(Kjeldahl himself, in 1888, described a device in which 
the ammonia-bearing vapors were 
scrubbed free of sodium hydroxide) ; 
(5) extension of the method to 
materials requiring pre-treatment 
before digestion with the acid. 
Kjeldahl knew that his method 
was not applicable to nitrates, nitro 
bodies, alkaloids, and various other 
classes of compounds, but to his 
surprise he found that part of the 
non-amide nitrogen of such mate- 
rials is converted into ammonia by 
digestion with concentrated sulfuric 
acid. For example, mixtures of 
potassium nitrate and sugar gave 
60-80% yield ofammonia. Follow- 
ing this lead, Asboth in 1886 ob- 
tained fairly good results when he 
added sugar to a number of these 
resistant compounds, and even the 
nitrates were brought more nearly 
into line by the addition of benzoic 
acid. Jodlbauer, in this same year, 
made this modification really work- 
able by substituting for the benzoic 
acid the more easily nitrated phe- 


(1) Mr. H. Jessen-Hansen, first assistant to Kjeldahl, 
Mr. S. Orla-Jensen, now professor of biochemistry, Copen- 
hagen; (3) Kjeldahl; (4) Mr. Iwan, now technical director at a brewery in Oslo. . 
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nol followed by reduction of the 
nitrophenolsulfonic acid. 

The relatively short interval be- 
tween the first announcement of 
the method and publications of 
modifications and improvements 
should not be construed as evidence 
that the method in its original 
form left much to be desired but 
should rather be taken as a testi- 
monial of the intense interest 
aroused by this useful addition to 
the analyst’s repertoire. The sub- 
sequent work on this method has 
added nothing of fundamental sig- 
nificance, though special mention 
should be made of Dafert’s studies 
of the applicability of the Kjeldahl 
method and its various modifica- 
tions. He was able to lay down 
general rules as to when preliminary 
treatment is required, and his 
classifications include most of the 
types of nitrogenous materials, which is tantamount 
to saying that only the exceptional cases are not 
amenable to treatment by the method in its present 
form. A comparison of current practice with the 
original procedure shows, in addition to the foregoing, 
variation only in such details as the use of the same 
flask for both digestion and distillation, a safer method 
of adding the alkali preparatory to the distillation, 
the use of paraffin to abate foaming, the omission of 
the permanganate in many cases where accelerators 
are used, and finally the back-titration of the excess 


KJELDAHL’S NEw LABORATORY 


Reading from left to right: (1) Mr. H. Jessen-Hansen, (2) Kjeldahl, and (3) Mr. 
N. Hjelte Claussen, now technical director of the Carlsberg Breweries. 
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acid with standard alkali in place of the iodometric 
titration recommended by Kjeldahl. He certainly 
would have rejoiced in the further simplification made 
possible :by the Winkler (1914) method of absorbing 
the ammonia in boric acid. 

The life story of Johan G. C. T. Kjeldahl is soon told. 
The son of a physician, he was born on August 16, 
1849, at Jaegerspris in the northern part of the Danish 
island, Zealand. He received his baccalaureate degree 
from the Gymnasium at Roskilde in 1867, and then 
went to Copenhagen where he specialized in chemistry 
and physics, attending both the University and the 
Polytechnic High School. In 1873 he passed the state 
examination in ‘‘applied science” with distinction, and 
soon thereafter was appointed assistant to C. T. Bar- 








FRANZ VARRENTRAPP 
August 29, 1815-March 1, 1877 
Photograph taken from Berichte, 10, 


2291 (1877). J.w 
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institution was part of this plan and the Carlsberg 
Laboratory came into being.” Jacobsen requested his 
son to transfer Kjeldahl and Hansen to the new labo- 
ratory and in October, 1876, they began their work under 
the new auspices, in charge of the chemical and physio- 
logical sections, respectively. The rest of their lives 
were spent in the service of science in this institution 
whose high purposes are set forth in a tablet placed at 
the threshold of the laboratory: ‘‘No result achieved 
through the activity of the Carlsberg Laboratory and 
having either theoretical or practical significance is to 
be held secret.’ 

The work on the brewing industry was continued, but 
on a much wider scale, and most of Kjeldahl’s researches 
were related to the fermentation industries. The chief 


HEINRICH WILL 
1812-90 


Photograph taken from Berichte, 23, 
Rep. 852, 1890. 





1827-1900 


Photograph from Cohen’s ‘‘Jacobus 
Henricus van’t Hoff, sein Leben und 
Wirken,” p 169. 


foed. The latter was well pleased with his work and 
recommended him highly to Carl Jacobsen, the brewer, 
who had decided that his brewery could be more suc- 
cessfully operated if daily tests on the beer, yeast, 
malt, etc., were made by men of scientific training. 
Kjeldahl entered on this service May 1, 1875, and was 
entrusted with the fitting up of the works laboratory 
and putting it into operation. Associated with him, 
as biologist, was E. C. Hansen (1842-1909) who later 
achieved an international reputation as the originator 
of pure yeast cultures. 

J. C. Jacobsen, the father of Kjeldahl’s employer, 
was also a brewer and he engaged in business primarily 
to secure funds for his philanthropic ventures. In 
1876 he formed the Carlsberg Foundation for the pro- 
motion of arts and sciences. A scientific research 


fields of his endeavor were enzymatic action, the deter- 
mination of sugars singly and in mixtures by the copper 
reduction method, the optical activity of vegetable pro- 
teins, and their solubility relations in alcohol of vary- 
ing strengths. 

In 1881, while studying the changes in protein con- 
tent of grain during germination and fermentation, he 
found his progress blocked by the inadequacy of the 
available methods of determining nitrogen. He reso- 
lutely put aside all other work and devoted himself 
to the quest for this indispensable analytical weapon. 
His success was his monument. 

Kjeldahl’s constitution was not rugged; part of his 
mental resources were expended on his enthusiastic 
pursuit of art and letters; he could not endure long 
periods of intense laboratory toil. The volume of his 





work was not large but its quality was always high. 
He had many of the qualities of a good teacher; he 
gave generously of his time to young men of his circle 
who were striving to improve their scientific and tech- 
nical knowledge. He often regretted that his labora- 
tory duties allowed him no opportunity to give regular 
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Emit CHRISTIAN HANSEN, 
IN THE OLD CARLSBERG LABORATORY 


This painting by O. Haslund is the 
companion picture to that on page 458. 


courses of instruction, for he felt 
this type of endeavor would have 
been quite beneficial to him per- 
sonally, particularly when in his 
last years he suffered from periods 
of mental fatigue. 

Kjeldahl was elected to member- 
ship in the scientific academies of 
Denmark and Christiania, and re- 
ceived an honorary doctorate from 
the University of Copenhagen. 
On July 18, 1900, while bathing 
at Tisvilde, Zealand, he suffered 

a heart attack and died in the water. 


* Ke Kk KK 


The author gratefully acknowledges the courtesy of 
Prof. S. P. L. Sérensen who provided the pictures of 
Kjeldahl and the Carlsberg Laboratory. 





CONSTANT-LEVEL SIPHON FOR A HOT WATER BATH* 
G. R. YOHE ano C. G. KECKLER 
Ohio Wesleyan University, Delaware, Ohio 


IT IS frequently desirable to heat a reaction-mixture 
in a boiling water bath for a number of hours. In 
order to keep the water bath from boiling dry, the 
writers have made use of the device illustrated herewith. 
It is explained as follows. S is the main siphon which 
serves to keep the water level in the bath W the same 
as that in the suction filter flask F. A constant stream 
of water is brought into F through the tube J, which 
may be the outlet tube from a condenser jacket. The 
water escapes from F through the outlet O, and the 
level in F is therefore kept constant. A simple siphon 
used in this way tends to fill with air bubbles as dis- 
solved air is driven from the water heated in W. In 
this device the upper siphon D carries a constant stream 
of water from F to the drain; as bubbles rise into S, 
they are immediately removed, and the main siphon 
is thus kept full of water. If too rapid a stream of 
water flows through D, a suction-pump (Bernoulli) 


* Exhibited at the Fifth Organic Symposium, Cornell Univer- 
sity, December 28-30, 1933. 


effect may be set up, which will drain W completely. 
D should therefore be constructed of smaller tubing; 
the flow through it can be 
regulated by introducing 
a constriction as shown 
at C, or by using a screw 
pinch-clamp on the rubber 
tube leading from D to the 
drain. The siphon is 
easily filled by introducing 
it into F and W and 
applying suction to the 
end of the tube D. 

Siphons employing this 
principle may of course be constructed in a number 
of different shapes. The writers have used one simi- 
lar to that sketched in an actively boiling water 
bath for as long a period as thirty hours, during 
which time it functioned perfectly and required no at- 
tention whatever. 


























The VIRGIN MARY as the 
PATRONESS and PROTECTRESS 


of PHARMACY 


CHARLES H. LAWALL 


Philadelphia College of Pharmacy and Science, Philadelphia, Pennsylvania 


ages in centuries as well as in decades or 
years; the oldest one dates from the thirteenth 
century. Many of these ancient pharmacies, besides 
being identified by the name of the owner, frequently 
have distinctive names, such as “Engel Apotheke’ 
(Angel Pharmacy); ‘Rats Apotheke’’ (Council Phar- 


IA cor pharmacies in Europe can count their 


FIGURE 1.—PHOTOGRAPH OF A SIXTEENTH-CENTURY DELLA 
RoBBIA TERRA CoTTA BAS-RELIEF IN THE CHURCH OF 
SANTA BARBARA, FLORENCE, ITALY 


macy); ‘‘Hof-Apotheke’’ (Court Pharmacy); ‘‘A poth- 
eke zur Goldene Kugel’? (Pharmacy of the Golden 
Ball); ‘‘Mohren Apotheke”’ (Pharmacy of the Moor); 


and ‘Marien Apotheke’ (Mary’s Pharmacy—The 


Pharmacy of Mary, the Mother of Christ or of God) to 
quote only from Teutonic sources. This last designa- 
tion, Mary’s Pharmacy, exemplifies a condition in 
many European countries where Mary, the Mother of 
Christ, is looked upon as the patroness or protectress of 
pharmacy. There are many variants of this designa- 
tion in Vienna and other European cities, as ‘‘A potheke 
zur Maria, Heil der Kranken’” (Pharmacy of Mary, 
Healer of the Sick); “Zur Maria Trost’? (To the Com- 
fort of Mary); “Zur Maria Hilf” (To the Help of 
Mary); ‘“‘Zur Mutter Gottes’” (To the Mother of God); 
‘Maria treu Apotheke’ (Mary’s True Pharmacy); and 
‘““Madonna Apotheke’’ (The Madonna Pharmacy). 
This practice probably started as far back as the 
fifteenth century in the Teutonic countries. It re- 
ceived an impetus in Florence when the work of the 
Della Robbias, Luca and Andrea, his nephew, raised 


F1GURE 2.—PHOTOGRAPH OF A SEVENTEENTH-CENTURY OIL 
PAINTING FROM THE FORMER GRAND-DUCAL PHARMACY IN 
MEERSBURG ON THE BODENSEE, GERMANY 
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the plastic arts, and particularly work in terra cotta, 
to a high state of perfection. One of the famous 
samples of symbolic art concerned with this motif is the 
terra cotta bas-relief in the church of Santa Barbara in 
Florence, Italy, which originated in the workshop of the 
Della Robbias. This example is shown in Figure 1. 

There is another terra cotta plaque or medallion of 
this same theme, also by the Della Robbia studios, in 
the south gable of the church of Orsan Michele in 
Florence, in which city the members of the medical 
and the pharmaceutical professions particularly rever- 
enced the memory of Mary as their protectress and 
patroness. In this second example the figure of the 
Madonna is also seated under an arch, but the work- 
manship is less finished and the design differs in that 
the Christ Child is held on the mother’s left side in- 
stead of the right. 

Under the bas-relief in the illustration which is 
shown is the inscription in Latin, ‘‘Sub gubernatione 
artis aromatorium,’ which, literally translated, means 
“Under the jurisdiction of the art of the apothecary.” 
The aromatics or spices were the most costly of the 
drugs of medieval times and pharmacists were called 
“aromatariv” in some parts of Italy, beginning with the 
twelfth century. This same motif occurs frequently 
in early Italian literature. 

In the elaborate copperplate title page of the Ricet- 
tario Fiorentino, 1567 (the Pharmacopeia of the City of 


FIGURE 3.—PHOTOGRAPH OF AN EIGHTEENTH-CENTURY OIL 
PAINTING FROM THE CITY PHARMACY OF SCHONGAU, 
ON THE LECH, GERMANY 
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FIGURE 4.—THE VIRGIN Mary AS A MURAL IN THE MARIEN 
APOTHEKE IN AUGSBURG, GERMANY 


This is the work of Hans Baldung, a famous German artist 
who died in 1545. 


Florence) there is a central design of Madonna and 
Child with the motto ‘‘Subtuum presidium” (Under thy 
protection). Many pharmacists south of the Alps 
adorn their shops and their homes with paintings, 
sculptures, tiles, or mosaics of the Madonna, and 
under some of these will be found an ever-burning lamp 
of ancient pattern. 

In the “‘Hof A potheke’’ (Court Pharmacy) of Rastatt, 
Germany, stood an elaborate grill of wrought-iron work 
in which the Madonna was the central figure. 

In the old ‘‘ Marien A potheke’’ of Ravensburg, Swabia, 
the customer is confronted by a figure of the Virgin 
Mary, an artistic wood carving surmounting a beautiful 
screen of eighteenth century wrought-iron filigree 
work. 

In a corner of the “‘Mohren A potheke’”’ in Nuremberg, 
Germany, is a nobly proportioned Gothic-style Ma- 
donna, carved in stone; while a painting of the Virgin 
Mary greets the patrons of the famous Winkler Phar- 
macy in Innsbruck, Austria. 

Many European pharmacies, even though they may 
not employ the name as a distinctive designation, make 
use of this same style of religious decoration. In 
Figure 2 we have a photograph of the large oil painting 
from the former Grand-Ducal Pharmacy in Meersburg 
on the Bodensee. This painting is now in the pos- 
session of a private collector in Leipzig. It resembles in 
execution and design the numerous paintings of ‘Christ 
as Pharmacist of the Soul,’’ in that the central figure of 
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FicureE 5.—TuHE Hoty Famity AS A MODERN OIL PAINTING IN ST. JOSEPH’S PHAR- 
MACY IN METTERN, LOWER BAVARIA, GERMANY 


Mary is surrounded by apparatus and containers char- 
acteristic of pharmacy. These are labeled with the 
names of the Christian virtues—love, truth, justice, 
faith, patience, hope, etc. Overhead is an inscription 
in Latin, ‘Salus infirmorum’” (The health of the in- 
firm), while beneath is another inscription in the same 
language ‘‘Virtus exibat et sanabat omnes’’ (Virtue went 
out and healed everyone). 

Another privately owned painting in which this theme 
is utilized is an eighteenth-century production formerly 
in the cloister pharmacy of the barefooted Carmelites, 
later used as a decoration in the City Pharmacy of 
Schongau in Northern Bavaria, Germany. In this 
painting the child is holding a bouquet of flowers, while 
the mother is holding a small vial with a label attached 
to the neck, on which is the word ‘‘Recipe’’ (a prescrip- 
tion). A photograph of this painting is shown in 
Figure 3. 

Doubtless the most famous of this series of paintings 
is the one which adorns the wall of the “Marien Apo- 
theke’ in Augsburg, Germany, as a mural, and under 
which an ever-burning votive light has burned for 
several hundred years. This painting, which is shown 
in Figure 4, is probably the most ancient of all of the 
religious paintings pertaining to pharmacy and medi- 
cine, for it was painted by Hans Baldung (1476-1545), a 
celebrated German artist, whose appellation was 
“grin’’ (green), because of his lavish use of this color in 
clothing and draperies. 

There is another illustration exemplifying this theme 
in a work called ‘‘Mikrokosmus,” by the Court Hospi- 
tal physician, Malachias Geiger, 1652, in which the 
Madonna and Child are shown enthroned over the 
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pharmacy, with the same motto 
as in the picture previously de- 
scribed, “‘Salus infirmorum.” 

Still another variant of the motif 
is found in a painting of the Holy 
Family with a symbolic application 
to pharmacy. This is found in St. 
Joseph’s Pharmacy in Mettern, in 
Southern Bavaria, Germany (Figure 
5). This painting is in a much more 
modern style. It shows Joseph, the 
father, preparing a prescription in a 
mortar, while Mary is administering 
a dose of medicine to the Christ Child 
from a teaspoon, with a very modern 
prescription bottle in the foreground 
on the table on which the Child is 
seated. 

In the famous collection of pharma- 
ceutical antiques which was acquired 
last year by E. R. Squibb and Sons of 
New York, a part of which was shown, 
including this item, at the Century 
of Progress Exposition in Chicago, 
is a large wood carving of Mary, 
holding the body of the Savior in her 
arms, which once adorned an old cloister pharmacy in 
Germany. This is shown in Figure 6. 





FIGURE 6.—Woop CARVING OF MARY AND THE SAVIOR, 
FORMERLY IN A CLOISTER PHARMACY IN GERMANY, Now IN 
THE COLLECTION OF PHARMACEUTICAL ANTIQUES 
or E. R. Sgurps & Sons 
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This religious atmosphere which surrounds phar- 
macy in certain European countries is possible only 
where the practice of pharmacy is severely restricted 
and not open to general competition as in the United 
States. 

The illustrations in the foregoing article are from the 
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Illustrierter Apotheker Kalender by permission of the 
editor, Fritz Ferchl. 
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A NEW VOLUMETRIC 
OXIDIZING AGENT 


PHILENA YOUNG 
Wells College, Aurora, New York 


The properties of ceric sulfate as a volumetric oxidizing 
agent are contrasted with those of oxidizing agents in 
general use, such as potassium permanganate and potas- 
sium bichromate. Methods of preparing and standardiz- 
ing solutions of ceric sulfate are described and the many 
uses already developed for this new oxidizing agent are 
listed. 


+++ oo + 


N THE past six years a considerable number of 
articles describing the results of research on ceric 
sulfate as a volumetric oxidizing agent have ap- 

peared. This research has been sufficiently successful 
to warrant a résumé of parts of it for the readers of 
THIS JOURNAL, for in any present-day discussion of 
oxidizing agents available for quantitative work ceric 
sulfate must receive consideration. 

If an oxidizing agent is to be of extensive value in 
analytical work, it must meet a number of require- 
ments, among the more important of which are the 
following: (1) it must compare favorably in its proper- 
ties with oxidizing agents already in use; (2) it must be 
available in some convenient form so that solutions of 
it can be prepared readily; (3) it must be either a 
primary standard or a substance which can be stand- 
ardized easily, and preferably against a primary reduc- 
tion standard; (4) it must serve as its own indicator when 
the equivalence-point is reached, or suitable indicators 
for use with it must be available; (5) it must react 
stoichiometrically with a considerable number of re- 
ducing agents. These points will be discussed in the 
order mentioned. 


I 


Potassium permanganate has served for a long period 
as probably the most useful and generally available 
oxidizing agent for volumetric work. It has the ad- 
vantages of being a very strong oxidizing agent in solu- 
tion, of acting as its own indicator, and of reacting 
quantitatively in direct titration with many reducing 
agents. Among its disadvantages have been the fact 


that it is not a primary standard so that standard solu- 
tions cannot be prepared directly, the limited stability 
of its solutions unless they are prepared with special care 
and protected from the action of light and organic 
materials, the difficulty of using it in solutions con- 
taining more than a very small amount of hydrochloric 
acid, and the number of reduction products possible. 
For example, in the persulfate-arsenite method for 
manganese the reduction of the permanganate is not a 
clear-cut process. In solutions containing hydrofluoric 
acid trivalent manganese is formed. 

Potassium bichromate is not a sufficiently strong 
oxidizing agent to be of such general use as permanga- 
nate. It is, however, a primary standard, its solutions 
are stable over a long period of time, and they may be 
used to titrate reducing agents in hydrochloric acid 
solution. Potassium bichromate does not serve as its 
own indicator. 

Ceric sulfate solutions containing sulfuric acid are 
approximately equal in oxidizing power to permanga- 
nate solutions. Kunz (1) has shown that the molal 
reduction potential of ceric and cerous sulfate in 1 molal 
sulfuric acid is —1.44 volts, a value very similar to 
that of —1.48 volts derived for the molal potential of 
Mnt+, MnO,- + 8H+ (2). The oxidizing element 
is alone in the positive ion and only one reduction prod- 
uct is possible: Ce*t + e = Ce**, 

In the case of permanganate the oxidizing element is 
in a complex negative ion; a number of reduction prod- 
ucts are possible and it is not always easy to limit the 
reduction products to one definite form of manganese. 

Ceric sulfate is hydrolyzed in aqueous solution but is 
stable in a sulfuric acid solution. It has been shown 
that 0.1 N solutions of this oxidizing agent, which are 
0.5 M in sulfuric acid, can be kept without special pre- 
cautions for a number of years with no change in nor- 
mality, that similar solutions can be boiled under a 
reflux condenser for a period of five hours without 
change in their ceric ion content (3), and that solutions 
as dilute as 0.01 N, if 0.5 M in sulfuric acid, are stable 
for months (4). Thus a solution of ceric sulfate far 
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surpasses a permanganate solution in stability. Ceric 
sulfate may be used to titrate reducing agents in hot 
solutions containing high concentrations of hydro- 
chloric acid. Under such conditions permanganate is 
useless, because of its reaction with the acid to form 
chlorine. 

At the present time there is no ceric salt on the 
market with the requisite properties of a primary 
standard. Obviously, such a salt would have the ad- 
vantage of a much higher equivalent weight than that 
of potassium permanganate or of potassium bichromate. 
It will be shown later that ceric sulfate solutions may 
be standardized readily in a number of ways, and that 
while such solutions do not act as their own indicators, 
internal oxidation-reduction indicators which have 
proved very satisfactory are available. 


II 


Until recently ceric sulfate solutions for volumetric 
work have been prepared from ceric oxide (5, 6). 
A pure oxide is not required because the other rare- 
earth elements usually present in the impure product 
have but one valence and therefore do not act as 
oxidizing agents. The solid oxide when heated with 
concentrated sulfuric acid is converted directly into the 
solid sulfate. 


CeO, -+ 2H2SO, = Ce(SO4)2 + 2H,0. 


This acid mixture is then stirred with water and the 
acidic solution of ceric sulfate formed must as a rule be 
filtered unless pure ceric oxide has been used. It can 
be seen that this method of preparing solutions of ceric 
sulfate is not convenient. 

About a year ago ceric ammonium sulfate of a 
high degree of purity was put on the market* and now 
solutions are prepared very quickly (7) by dissolving the 
correct amount of this salt in cold, dilute sulfuric acid 
containing enough of the acid to make the final solution 
after dilution to the proper volume about 0.5 M in acid. 
Such solutions are ready at once for standardization, 
while it is necessary to allow a permanganate solution 
to stand for several days and then to siphon it from 
any manganese dioxide before standardization. 


III 


Any one of three primary reducing agents may be 
used to standardize solutions of ceric sulfate: sodium 
oxalate, arsenous oxide, or electrolytic iron. With 
sodium oxalate a number of procedures are possible: 
the oxalate may be titrated with the ceric sulfate (a) in 
a warm hydrochloric acid solution containing iodine 
chloride as catalyst and o-phenanthroline ferrous com- 
plex as internal oxidation-reduction indicator (4), (d) 
potentiometrically in a hot hydrochloric, sulfuric, or 
perchloric acid solution (5, 6), or (c) potentiometrically 
at room temperature in a hydrochloric acid solution 
containing iodine chloride as catalyst (5). 


NazC.0, + 2Ce(SO,)2 + (H2S0,) = Cex(SO,)s + NasSO, + 2COz. 


* By O. T. Corre tt, Jackson, Michigan. 
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If arsenous oxide is the primary standard the titra- 
tion with ceric sulfate may be made (a) in a sulfuric 
acid solution with osmium tetroxide as catalyst and o- 
phenanthroline ferrous complex as indicator (8), () in 
a hydrochloric acid solution with iodine chloride as cat- 
alyst and chloroform as indicator (9), (c) in a warm 
hydrochloric acid solution containing iodine chloride 
as catalyst and o-phenanthroline ferrous complex as 
indicator (4), or (d) potentiometrically in a hot hy- 
drochloric acid solution or at room temperature in a 
hydrochloric acid solution containing iodine chloride 
as catalyst (10). 

As,0; + 6NaOH = 2Na;AsO; + 3H20 
Na;AsO; + 3HCl = H;AsO; + 3NaCl 
H;AsO3 + 2Ce(SOz)2 + H,0 + (HCl) = Ce2(SOx)s + —— + 
2 4- 
Individual samples of arsenous oxide may be used or 
aliquot portions of a standard solution. 

If electrolytic iron is the primary standard, the iron 
may be dissolved in sulfuric acid under an atmosphere 
of carbon dioxide, and the ferrous sulfate titrated at 
room temperature with ceric sulfate either (a) with o- 
phenanthroline ferrous complex (11), diphenylamine 
sulfonic acid (7), diphenylamine or diphenylbenzidine 
(12), or methyl red, erio glaucine, or erio green (13), as 
an oxidation-reduction indicator, or (b) potentiometri- 
cally (5). 

2FeSO, + 2Ce(SO.)2 + (H2SOs) = Fex(SOx)s + Cex(SO.)s. 


If the iron is dissolved in hydrochloric acid and the 
stannous chloride reduction method is used, the end- 


* point in the subsequent titration of the ferrous chloride 


with ceric sulfate may be determined with any of the 
oxidation-reduction indicators mentioned above except 
o-phenanthroline ferrous complex, or potentiometri- 
cally. Electrolytic iron is not available in every labora- 
tory, but if it is used the stannous chloride reduction 
method is to be preferred, because of the possibility of 
not having all the iron in the ferrous form before the 
titration if the sample is merely treated in an inert at- 
mosphere with sulfuric acid. 

All the methods mentioned above in which sodium 
oxalate and arsenous oxide are used as well as the 
potentiometric titration of ferrous chloride after a 
stannous chloride reduction and the titration of ferrous 
sulfate in a sulfuric acid solution with o-phenanthroline 
ferrous complex as internal indicator have been tested 
by weight titrations and have shown a high degree of 
precision. Thus there are a number of potentiometric 
and indicator methods for the standardization of ceric 
sulfate solutions. In contrast, one substance, sodium 
oxalate, has been specified as the most satisfactory 
primary standard for permanganate solutions, and the 
experimental conditions to be followed must be closely 
adhered to in order to obtain accurate results. 

IV 

Solutions of cerous salts are colorless, while those of 
ceric salts vary from yellow to orange-yellow in color. 
Although one or two drops of 0.1 N ceric sulfate produce 
a noticeable effect in 250 cc. of a colorless solution, in 
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practical work ceric salts can rarely be used as self- 
indicators. 

A number of internal oxidation-reduction indicators 
for use in titrations with ceric salts have already been 
mentioned. Of these o-phenanthroline ferrous complex 
appears to be the most valuable because of its unusually 
high oxidation potential, its reversible character, and 
its intense color change (11). In reduced form this 
indicator is red and in oxidized form a very pale blue. 
It is stable in acid solution during a titration at room 
temperature, and sufficiently stable for titrations in 
similar solutions at 50°C. (4). Diphenylamine sul- 
fonic acid is a more satisfactory indicator in the titra- 
tion of ferrous ion than either diphenylamine or di- 
phenylbenzidine. This is due partly to its greater 
solubility, its sharper color change, and its slightly 
higher oxidation potential. Its oxidation potential is 
not sufficiently high, however, to make unnecessary the 
presence in the solution of some substance such as 
phosphoric acid to remove the ferric ion as rapidly as it 
is formed, since this ion has a tendency to oxidize the 
indicator. Ferric ion has no oxidizing action on o- 
phenanthroline ferrous complex and many important 
uses for this indicator are certain to be found—as in 
differential oxidations in which diphenylamine sulfonic 
acid would be of little value. When the first articles 
on ceric sulfate as a volumetric oxidizing agent were 
published, neither of these indicators had been de- 
scribed and the potentiometric method was ordinarily 
used to determine the endpoint in a titration.. This 


method, though accurate, requires apparatus which is. 


not available to every experimenter. Now that these 
indicators are on the market* many new procedures 
with ceric sulfate are possible. 


V 


The determination of iron in an iron ore is one of the 
most valuable uses to which ceric sulfate has been put. 
If the reduction of the ferric salt is carried out in a 
sulfuric acid solution with a Jones reductor, aluminum, 
cadmium, or zinc wire, the ferrous sulfate is usually 
titrated with permanganate and a very sharp endpoint 
is obtained. Since iron ores must be decomposed 
with hydrochloric acid and the latter removed by 
an evaporation with sulfuric acid before any of the 
reducing agents mentioned above are used, the method 
of titrating the ferrous ion with permanganate in a 
sulfuric acid medium is time-consuming. The much 
more widely used and more rapid procedure is the 
direct reduction of the ferric ion in the hydrochloric 
acid solution by the stannous chloride method. In 
the solution thus obtained, and containing ferrous 
chloride, hydrochloric acid, and precipitated mercurous 
chloride, a number of indicator procedures are possible 


* o-Phenanthroline ferrous complex may be obtained from 
O. T. Coffelt, Jackson, Michigan, or from the G. Frederick 
Smith Chemical Co., Columbus, Ohio; and diphenylamine sul- 
fonic acid in the form of its barium salt from the G. Frederick 
Smith Chemical Co. or from the Eastman Kodak Co., Rochester, 
New York. 
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for determining the ferrous ion. The oxidizing agent 
may be permanganate as in the Zimmermann-Rein- 
hardt method. This titration requires an experienced 
operator, for the endpoint is neither sharp nor per- 
manent. If bichromate is the oxidizing agent, the end- 
point may be determined with an external indicator, 
potassium ferricyanide—a tedious method now be- 
coming obsolete, or with an internal oxidation-reduction 
indicator, such as diphenylamine sulfonic acid. Some 
experimenters have difficulty in detecting the first 
appearance of the purple color of the oxidized indicator 
in the solution, which is an intense green in color due to 
the chromic ion. If ceric sulfate is the oxidizing agent 
an internal indicator such as diphenylamine sulfonic 
acid may be used and a very sharp endpoint obtained, 
because the solution is practically colorless throughout 
the titration and changes to a deep purple color as the 
first drop of ceric sulfate in excess converts the indicator 
into its oxidized form. 

Trivalent arsenic causes no difficulty in the titration 
of ferrous iron with ceric sulfate, but it does interfere in 
titrations of ferrous iron with some other oxidizing 
agents. Soule (14) has found that ceric sulfate can be 
used to advantage in titrating the ferrous iron obtained 
from the decomposition of certain silicate rocks with 
hydrofluoric acid in pyrex containers, because reducing 
agents (possibly arsenic) derived from the glass do not 
affect this particular oxidizing agent. 

In the author’s classes, students have been given at 
times a choice among these three oxidizing agents for 
titrating the ferrous iron in an ore after a stannous 
chloride reduction. Rarely have repetitions been 
required when ceric sulfate was used, but trouble has 
been experienced by some in seeing the endpoint with 
bichromate and diphenylamine sulfonic acid or from 
high results with the Zimmermann-Reinhardt method. 
The author would suggest that readers who have not 
used ceric sulfate in the laboratory experiment with it 
by analyzing an iron ore for iron, as only in such a way 
can one become acquainted with a new chemical and 
form an estimate of its worth. Detailed procedures 
for standardizing a ceric sulfate solution and for 
determining the iron in an iron ore are given by Willard 
and Furman (7). 

Other materials for which analytical procedures 
involving the use of ceric sulfate have been developed 
follow: 

Calcium may be precipitated as the oxalate, the 
precipitate filtered, washed, and dissolved in hot, dilute 
sulfuric or hydrochloric acid and the oxalic acid titrated 
either potentiometrically or with o-phenanthroline 
ferrous complex as indicator (4, 5). 

Arsenic has already been mentioned under methods 
of standardizing ceric sulfate solutions (4, 8, 9, 10, 15). 

Antimony chloride may be titrated potentiometrically 
at room temperature in the presence of iodine mono- 
chloride as catalyst (10); at 50°C. in a hydrochloric 
acid solution with o-phenanthroline ferrous complex 
as indicator (4); and potentiometrically at room tem- 
perature in the presence of small amounts of arsenic if 
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the concentration of hydrochloric acid present is 
high (15). 

Vanadyl ion may be titrated in hot hydrochloric, 
sulfuric, or perchloric acid solution (16,17). It can be 
titrated in the presence of chromic and ferric salts and 
of tungstic acid (17); also, ferrous and vanadyl salts 
can be titrated successively (16). All endpoints have 
been determined potentiometrically. 


2VOSO, + 2Ce(SOs)2 + 4H.0 = 2HVO; + Ce2(SO.)3 + 3H2SO,. 


Chromium may be oxidized (a) with excess of standard 
ceric salt, the excess being titrated differentially in the 
presence of chromic acid with standard sodium nitrite 
or sodium oxalate; (b) with excess of ceric sulfate, 
after which nitrite is added in slight excess to destroy 
the ceric sulfate, followed by urea to remove all nitrite, 
and then the chromic acid is titrated with standard 
ferrous sulfate; (c¢) with excess.of ceric sulfate, the 
excess being removed with sodium azide and the 
chromic acid titrated with standard ferrous sulfate. 
Iron and large amounts of manganese do not interfere; 
if vanadium is present it is determined with the chro- 
mium (18). An indicator method can be used in (0), 
and also in (c) if the solution is boiled for 10 minutes 
after the addition of the sodium azide in order to remove 
all hydrazoic acid, and then cooled to room tem- 
perature. Equations for the oxidation: 

Cro(SO.)3 + 6Ce(SO«)2 + 8H2O = 2H2CrO,g + 3Ce2(SO,)s 
+ 6H2SO, 


(a) 2Ce(SOxz)2 + NaNO, + H,0 = Ce2(SOx)s + NaNO; 
+ H2SO, 


or Ce(SOxu)2 + NazC20, + (H2S@.)—already given 


(b) Ce(SOx)2 + NaNO.—already given 
2HNO, + (NH2)2,CO = 2N2 + CO: + 3H20 
2H2CrO, “+ 6FeSO, “bt 6H2SO,4 = Ce2(SOx)s oe 3Fe(SO,)s 
+ 8H:,O 


(c) 2Ce(SOs)2 + 2NaN; + (H2SOs) = Ceo(SOs)s + 3Ne 
+ Na2SO, 
H.2CrO, + FeSO, + H2SO;—already given 


Thallium may be titrated potentiometrically in a 
hydrochloric acid solution (19). Fet++, Cut+, Bit**, 
Cdt+, Pbt+, Sn‘+, Hgt+, Zn++, SeO3—-, TeO;—-, 
AsO,—~~, Sb5+, and Cr*++* do not interfere. 


TIC oo 2HCl + 2Ce(SO,)2 = TIC; te Ce2(SO.)s “+ H.SOx,. 


Thallous chloride may be titrated also at 50°C. in a 
hydrochloric acid solution with o-phenanthroline ferrous 
complex as internal indicator (4). 

Mercurous Mercury may be oxidized in a hot sulfuric 
acid solution by an excess of standard ceric sulfate, 
and the excess titrated potentiometrically with stand- 
ard ferrous sulfate (20). Mercuric ion in large amount 
does not interfere. 


Hg2S0O,4 + 2Ce(SOx)2 + (H2SO,) = 2HgSO, + Ce2(SO,)s. 


Uranium in the form of uranous sulfate may be ti- 
trated potentiometrically in a hot sulfuric acid solution 
(21); also, the uranium in the triple acetate of sodium 
and zinc or magnesium in the determinatiqn of sodium 
(22). Uranous sulfate when titrated at 50°C. in a sul- 
furic acid solution containing o-phenanthroline ferrous 
complex as indicator gives a very sharp endpoint (4). 
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U(SO,)2 -b 2Ce(SO4)2 Se 2H,0 = UO2SO,4 aa Ce2(SO,)s 
+ 2H2SO,. 
Iodide ion may be titrated potentiometrically in a 
sulfuric acid solution (23): 


2KI + 2Ce(SO4)2 + (H2SO,) =I, + Ce2(SO4)s + K2S0,; 
or potentiometrically in the presence of a cyanide (23): 
KI — 2Ce(SOz)2 + KCN ob (H2SO,) = ICN te Ce2(SO4)s 
oo 


2504 

Ferrocyanide ion may be titrated potentiometrically 
at room temperature in a hydrochloric or sulfuric acid 
solution or with a ceric sulfate solution containing a 
small amount of ferric iron as indicator (24); also with 
o-phenanthroline ferrous complex as internal indicator 
(4). 
2K4Fe(CN). + 2Ce(SO,z)2 + (H2SOx) = 2K;Fe(CN),. 

+ Ce(SO,4)s + K2SO,. 

Hydrogen Peroxide may be titrated potentiometrically 
in dilute hydrochloric, sulfuric, nitric, or acetic acid 
solution (25) or with o-phenanthroline ferrous complex 
as indicator (4). An indirect determination of lead 
peroxide based upon treatment of the peroxide in a 
nitric acid solution with an excess of standard hydrogen 
peroxide and determination of the excess by titration 
with ceric sulfate has been proposed (25). 

Hydrazoic Acid may be oxidized in a practically 
neutral solution by an excess of standard ceric sulfate. 
The excess of oxidizing agent has been determined by 
addition of potassium iodide in excess and titration 
of the liberated iodine with standard thiosulfate solu- 
tion(26). Obviously, the excess of ceric sulfate could be 
determined by other methods. 


2Ce(SO,4)2 + 2HN3 => Ce2(SOz)s + 3Ne + H2SOx. 


Tellurous Acid may be oxidized in a hot sulfuric acid 
solution by an excess of standard ceric sulfate in the 
presence of chromic sulfate as catalyst. Selenous acid 
and cupric salts do not interfere. The excess of ceric 
sulfate may be titrated potentiometrically with stand- 
ard ferrous sulfate (27). 


H2TeO; +4 2Ce(SO,)2 + HO = H2TeO, oa Ce2(SO,)s + H2SO,. 


Hydroquinone may be titratéd at room temperature 
in a sulfuric or hydrochloric acid solution either po- 
tentiometrically or with diphenylamine or methyl red 
as indicator (28). 


CsH.(OH)2 + 2Ce(SOz)2 = CsH,O2 + Ce2(SO4)s -++ H2SO,. 


Organic Acids such as tartaric, malonic, malic, 
glycolic, and citric acids can be oxidized in hot sulfuric 
acid solution by an excess of standard ceric sulfate and 
the excess titrated with standard ferrous sulfate. 
Formic, acetic, succinic, fumaric, and maleic acids are 
not oxidized by ceric sulfate in a hot sulfuric acid solu- 
tion, while benzoic, phthalic, and salicylic acids are 
oxidized to a variable extent under similar conditions 
(29). 

Thiosulfate solutions may be standardized against 
standard ceric sulfate by treating a measured volume 
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of the ceric sulfate with excess of potassium iodide and 
titrating the iodine liberated with the thiosulfate (30). 
Since there are, however, excellent primary standards, 
such as iodate and bichromate, against which to 
standardize thiosulfate, this suggested use for ceric 
sulfate is not of great importance. 

This list of analytical methods, all of which depend 
upon the use of ceric sulfate, offers adequate proof of 
the value of this oxidizing agent. Ceric sulfate should 
be discussed along with the usual oxidizing agents in all 
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courses in elementary quantitative analysis and a 
procedure involving its use should be included, if 
possible, among the laboratory experiments assigned. 
Moreover, this reagent should be given a trial in any 
research problem which requires a strong oxidizing 
agent, and the attention of organic chemists might 
be called at this time to the possibility of using ceric 
sulfate in certain organic oxidations in which in the past 
the usual reagents, such as permanganate or bichro- 
mate, have not produced the desired effect. 
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HOW LONG SHOULD A PIPET DRAIN? 
B. I. LYON anv L. J. BIRCHER 


Vanderbilt University, Nashville, Tennessee 


AN EXAMINATION of the directions for the use of 
the pipet as given in leading textbooks on quantitative 
analysis shows that there is a possibility of confusion 
in the minds of students as to how long the pipet should 
drain. It is acknowledged that under certain condi- 
tions it makes no difference how long the pipet is al- 
lowed to drain and that under other conditions the 
error may be insignificant, but even then it is unfortu- 
nate from a pedagogical standpoint that conflicting 
statements are made by the several authors. Under 
existing conditions of instruction and practice it is 
conceivable that these conflicting instructions may 
lead to inaccurate work. 

In this study twenty-three textbooks giving instruc- 
tions in volumetric procedure were examined. Of 
these books, five state specifically that in emptying the 
pipet after continuous flow has ceased, the pipet should 
not be allowed to drain, but that the tip should be 
touched immediately to the surface of the liquid or the 
vessel to remove the last drop to complete delivery. 
Five books, although not stating specifically that the 
pipet should be allowed to drain, refer to the Bureau of 


Standards specifications. Four books state that after 
continuous flow has ceased, the pipet should drain 
fifteen seconds; one book states twenty seconds; one, 
thirty seconds; one, a minute; and two state that it 
should drain, but fail to say how long. Two books do 
not say to drain but do say to hold until it is “empty,” 
and two others apparently give no instructions for 
emptying the pipet. 

The procedure recommended by the United States 
Bureau of Standards states that ‘After continuous, 
unrestricted outflow ceases, the tip should be touched 
with the wet surface of the receiving vessel to com- 
plete the emptying.’ To render this less subject to 
variable interpretation some authors insert the word 
“immediately” after the word “touched” in their 
directions. Since some pipets, apparently of the 
better quality, drip rapidly for a second or two 
after continuous flow ceases, it would seem best 
to say: after the continuous outflow and the first rapid 
dripping cease, touch the tip of the pipet immediaiely 
to the wet surface of the receiving vessel to complete 
the emptying. 





Lhe TENTH CENSUS of GRADUATE 
RESEARCH STUDENTS on CHEMISTRY 
and CHEMICAL ENGINEERING, 1933 


CALLIE HULL ann CLARENCE J. WEST 


Research Information Service, National Research Council, Washington, D. C. 


HE Tenth Census of Graduate Research Students 

in Chemistry and Chemical Engineering (covering 

the academic year 1933-34) continues the annual 
compilation, the first of which was issued in 1924.* 
The present compilation includes returns from 141 
universities, of which 12 have reported members of the 
faculty only engaged in chemical research. 

The figures in the column headed /ofal in Table 2 refer 
to the graduate students only; 7. e., they do not include 
the figures for the faculty. 

The academic year 1933-34 shows a decrease in the 
number of research workers for the first time since this 
compilation was started. There are 278 less masters 
and 47 less doctors than in the preceding year. This 


may be due in part to the fact that it is known that 
many universities and colleges have greatly diminished 


the number of graduate fellowships and scholarships 


* ZANETTI, Ind. Eng. Chem., 16, 402 (1924); Norris, ibid., 
17, 755 (1925); Hut anp WEst, J. CHEM. Epuc., 4, 909 (July, 
1927); 5, 882 (July, 1928); 6, 1338 (July-Aug., 1929); 7, 1674 
(July, 1930); 8, 1374 (July, 1931); 9, 1472 (Aug., 1932); 10, 
499 (Aug., 1933). 


during the past year or two. There is also a decrease 
of 65 faculty members reported, probably due, in part, 
to the increased teaching load brought about by a de- 
pleted staff. 

The more pronounced decreases in special fields are: 
general and physical, 73; catalysis, 26; inorganic, 24; 
metallurgical, 37; organic, 81; pharmaceutical, 21; 
agricultural, 32. On the other hand, there were 
increases in the following field: colloid chemistry, 20; 
subatomic and radio, 17; foods, 14. 

It was planned to discontinue this survey with this 
compilation, it being felt that a ten-year period would 
answer the purpose for which the survey was started. 
However, the answers to the question—‘‘Should this 
compilation be continued?’’—were overwhelmingly in 
favor of the continuation and so, with the codperation 
of the heads of the departments of chemistry of the 
colleges and universities and the editor of the JOURNAL 
OF CHEMICAL EpucaTION, the compilation will be 
continued from year to year as long as it seems to meet a 
need. 


TABLE 2 
NUMBER OF GRADUATE STUDENTS ENGAGED IN RESEARCH IN VARIOUS FIELDS OF CHEMISTRY AND CHEMICAL ENGINEERING 
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* Includes 37 masters not classified. 
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1924 
Total 
240 
69 
51 
20 
38 
18 
24 
101 
71 
38 


1925 
Total 
332 

77 


1926 
Total 
343 


1927 
Total 
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79 
28 
18 21 
25 21 
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22 25 
124 116 
96 
22 


1928 
Total 
406 
86 
27 
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36 
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“M” indicates those working for a Master's degree, ‘‘D,”” Doctor’ 

























Photo- 
Sub- Elec- chemis- 

General atomic Electro- tro- try and 

Universities and : Cataly- and inor- or- Photog- Inor- Ana- Metal- 
y Physical Colloid sis Radio ganic ganic raphy ganic lytical lurgical Organic 
States MD F/M DF|{|MDFI|IM DFImM pDFIMDF MDF/|/M DF|MDF|MDF M DF 






















Alabama: 

Ala. Poly. Inst. ; 

Birmingham S. Coll. 

Howard Coll. 

U. of Ala. 

Arizona: 

U. of Ariz. 2 1 3 1 

Arkansas: 

U. of Ark. 1 ‘ ; 

California: | 

Calif. Inst. Tech. > 6.3 1 3 3 3 23 2 1 7 2 

Claremont Colls. 2 1 I : 

Mills Coll. 1 

Stanford U. | 3 10 4/ 1:1 8 He Oy act 

Colorado: di ceed 

Colo. Coll. 

U. of Colo. 1 1 1 — ‘. 

Connecticut: 

Conn. Agr. Coll. 

Trinity Coll. 

Wesleyan U. 

Yale U. 

Delaware: 

U. of Del. 

Dist. of Columbia: 
U 


Am. U. 

Catholic U. 

Geo. Washington U. 

Georgetown U. 

Florida: aa 

oer, | § 4 1 1 1 1 : oe ee 

Georgia: 

Ga. Inst. Tech. 1 1 1 

Hawaii; e 

U. of Hawaii 1 1 1 1 2 2 

Idaho: 

U. of Idaho 4 2 1 1 2 

Illinois: 

Monmouth Coll. 1 1 

Northwestern U. : 3 12 14 

U. of Chicago 

U. of Ill. 

Indiana: 

Ind. U. 2 

Purdue U. 1 3 

U. of Notre Dame 4 

Towa: 

Grinnell Coll. 1 

Iowa State Coll. 1 6 5 

State U. of lowa 1 5 1 

Kansas: 

Kan. State Agr. Coll 3 3 

oe 

1 
1 











mann 
mae 






to 

nt 

_ 
_ 
- 






































a 
ts jit 





























i ot) 
o 
to 




















— 

































torn 
© 
_ 




















_ 
~ 
~ 


















—rhom 
_ 






—o 
-~ 
_ 



































































~ 



































mT00 
on 
tS 
o 
i] 
~ 
= 
i=) 
~ 
wo 
= 
— 
a 
i] 
~ 




















bhowr 

Noe 

NO 

oe 
Mrorv oa 
nue 
at 

mb 

o 

Wort arco 































iw] 
w 
to 
ie) 
~ 
- 
oO on 
— 
© 


ro 


Kan. U. 1 
Kentucky: 
U. of Louisville 1 
Louisiana: 
La. State U. 6 1 4 1 
1 

1 



































Sophie Newcomb C. 
Tulane U. 1 
Maine: 
Bates Coll. 
U. of Me. 1 1 1 3 
Maryland: 

Johns Hopkins U. 1 2-5 7 2 21 & 2 2 1 = 
U. of Md. 1 


Massachusetts: 
Amherst Coll. 1 
Boston Coll. 2 1 3 
Boston U. 1 3 
Clark U. 

Harvard U. i 38,4 1 6 1 i 9 5 23 
Holy Cross Coll. 
Mass. Coll. Pharm. 
Mass. Inst. Tech. 
Mass. State Coll. 
Mt. Holyoke Coll. 
Tufts Coll. 
Wellesley Coll. 
Williams Coll. 
Worcester Poly. 
Michigan: 

Mich. State Coll. a ee 1 4 
U. of Mich. 1 

Minnesota: 

U. of Minn. yo 6] oF a! ; ee ie 1 1 1 tS) 4 8°06 7 Bee, Bt 
Mississippi: 
U. of Miss. 1 2 1 2 
Missouri: 

Mo. Sch. Mines 1 2 2 1 2 1 
St. Louis U. 7 

U. of Mo. 1 1 2 2 
Washington U. 1 S&S 2 2 


bo 
bot to woo noaAe 





























oe Noe 



















-_ 
~ 














eo wrno = 
~ 
Oe 
- 
NN ee 
tr 
wa 
— oD 
” 
=O ee 


t 
_ 
to 
“Pde CO 
_ 
et mt OD RO 





to 


-_ 





























































= 

~ 

= 

to 

to 

to 

a 

1) 

© 

to 

bo 

to 

@bo 
i] o Qb 



















w 
i) 
~ 
i 
— 
— 

































































on, 
eS) 
an 
_ 
nue 
_ 
_ 
on 
Ogee 
Cree 









Aucust, 1934 


CHEMISTRY AND CHEMICAL ENGINEERING ACCORDING TO UNIVERSITY AND SUBJECT 
degree, and ‘‘F,’’ number on faculty engaged in research. 








| 


, , ? Industrial 
Physio- Pharma- Pharma- , i an Chemical | Universities 
logical cological ceutical al Engineering | Engineering TOTALS . 


uM 2 BIE as Te eS M DF M D F M D ~ States 





Alabama: 
Ala. Poly. Inst. 
Birmingham S§. Coll. 
Howard Coll. 

of Ala. 


Arizona: 

U. of Ariz. 
Arkansas: 

U. of Ark. 
California: 

Calif. Inst. Tech. 
Claremont Coils. 
Mills Coll. 
Stanford U. 


Colorado: 
Colo. Coll. 
U. of Colo. 


Connecticut: 
Conn. Agr. Coll. 
Trinity Coll. 
Wesleyan U. 
Yale U. 
Delaware: 

U. of Del. 


Dist. of Columbia: 
Am. U. 


Catholic U. 

Geo. Washington U. 
Georgetown U. 
Florida: 

U. of Fla. 
Georgia: 

Ga. Inst. Tech. 
Hawaii: 

U. of Hawaii 
Idaho: 

U. of Idaho 
Illinois: 
Monmouth Coll. 
Northwestern U. 
U. of Chicago 
U. of Ill. 


Indiana: 

Ind. U. 

Purdue U. 

U. of Notre Dame 


Iowa: 

Grinnell Coll. 
Iowa State Coll. 
State U. of lowa 


Kansas: 

Kan. State Agr. Coll. 
Kan. 

Kentucky: 

U. of Louisville 
Louisiana: 

La. State U. 

Sophie Newcomb C. 
Tulane U. 


Maine: 
Bates Coll: 
U. of Me. 


Maryland: 
Johns + cr, U. 
U. of Md. 


Massachusetts: 
Amherst Coll. 
Boston Coll. 
Boston Univ. 
Clark U. 
Harvard U. 

Holy Cross Coll. 
Mass. Coll. Pharm. 
Mass. Inst. Tech. 
Mass. State Coll. 
Mt. Holyoke Coll. 
Tufts Coil. 
Wellesley Coll. 
Williams Coll. 
Worcester Poly. 
Michigan: 

Mich. arg Coll. 
U. of Mic 
Minnesota: 

U. of Minn. 
Mississippi: 

U. of Miss. 
Missouri: 

Mo. Sch. Mines 
465 St. Louis U. 

6 2 4 & 21 U. of Mo. 

... 1m Washington U. 














a 
* 





on 





oo 
o 
to 





oo De Oe 








ontwrn 



















































































~ 








QD 
to 
on on 











QQ 


to 


a 
ao WCPWODONOSNPRO to w 


Oo PRA OEDS 
= 











an 
aD 
— 








~ 
oa 
m2) 
o 















































* One National Research Council fellow and two Research Associates not classified. 
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The PRODUCTION 


of 


ARTIFICIAL RADIOACTIVITY 


FRANK BRESCIA anp ROBERT ROSENTHAL 


The College of the City of New York 


HE PHENOMENON of spontaneous disintegra- 

tion or radioactivity has been known since 

1896, when it was accidentally discovered by 
Becquerel. All attempts to alter the velocity of the 
disintegration process have been unsuccessful. It is 
entirely unaffected by temperature changes of as much 
as 1000°C., whereas it is empirically known that the 
velocity of most chemical reactions is doubled or tripled 
by an increment of 10°. Similarly, extremes of pres- 
sure are without effect. 

Very recently, however, artificial radioactivity has 
been produced. This was accomplished by Professor 
F. Joliot and his wife, Mme. Iréne Curie-Joliot.! 
They irradiated an aluminum foil with alpha particles 
and found that the emission of positrons from the foil 
continued even after the source of the radiation was re- 
moved. Boron and magnesium acted in a similar 
manner. The half-lives of the activities were: alumi- 
num—3!/, min., boron—l4 min., magnesium—2!/, 
min. Negative results were obtained with the ele- 
ments H, Li, Be, C, N, O, F, Na, Ca, Ni, Ag. 

These results have been verified in various other 
laboratories. Lauritsen and Crane,? at the Cali- 
fornia Institute of Technology, bombarded targets of 
LiF, Be, B:O;, C, Mg, and Al with deutons. In the 
cases of carbon and boron, positive electron (positron) 
tracks were detected in a Wilson cloud chamber after 
the bombardment had been stopped. The half-lives 
of these activities were respectively 10 minutes and 
20 minutes. The other substances mentioned above 
gave much smaller effects but it is possible that these 
results may have been due to a slight contamination of 
the targets with carbon. The same experiments were 
repeated using protons instead of deutons to bombard 
the target. Identical results were obtained, as meas- 
ured by the half-lives of the activities. Cockcroft, 
Gilbert, and Walton,* at the Cavendish Laboratory, 
have likewise produced artificial radioactivity by 
bombarding graphite with high-velocity protons. They 
found the half-life of the activity to be 101/2 minutes. 

To explain these nuclear reactions, Joliot and Curie! 
suggest that they consist of a disintegration with 
capture of the exciting particle, the emission of a neu- 


1 CURIE AND Jo.iort, “‘A new type of radioactivity,” Compt. 
rend., 198, 254 (1934). 

2 LAURITSEN AND CRANE, ‘Radioactivity from C and BO; 
bombarded with deutons and the conversion of positrons to ra- 
diation,” Phys. Rev., 45, 430 (1934). 

3 CockcroFT, GILBERT, AND WALTON, “‘Production of induced 
radioactivity by high velocity protons,” Nature, 133, 328 (1934). 


tron, and the formation of a radioactive nucleus. This 
nucleus then disintegrates with the emission of a posi- 
tron, forming finally a stable nucleus of another ele- 
ment. In the case of the disintegration of boron in- 
duced by alpha-particle irradiation, this may be repre- 
sented as follows': 

5B! + »-He* = 7;N!3 + oneutron!, where the sub- 
script is the atomic number; the superscript, the 
atomic weight. The isotope of nitrogen that is formed, 
being radioactive, is appropriately called ‘‘radio-nitro- 
gen.’ This nucleus subsequently disintegrates as 
follows: 


7N¥8 = 6C® + jpositron® 


In the case of aluminum, the transformations may be 
represented by the analogous equations: 


Al?” + 2Het = 15P%° + neutron! 
P89 = \4Si®® + positron? 
For magnesium: 

wMg*4 + sHet = Si?” + oneutron! 


48127 = ,3Al?? + ,positron® 


The general process may be represented by the follow- 
ing symbolic equations: 


-M? + 2He* = 42N*t? + oneutron! 


etoN°t? = ,4,0°*% + jpositron® 


where M, N, and O are the three elements involved in 
the transformations, z is the atomic number of the 
parent element, and a is its atomic weight. 

Curie and Joliot® announced that they had chemi- 
cally identified the intermediate elements in the boron 
and aluminum series. They predicted that the ele- 
ments radio-nitrogen, radio-silicon, and radio-phos- 
phorus may possibly be formed in different nuclear 
reactions with other bombarding particles such as 
protons, deutons, and neutrons. Their prediction has 
been fulfilled by the experiments mentioned above 
that were carried out at the California Institute of 
Technology and the Cavendish Laboratory. The 
reactions involving the deuton may be pictured thus: 


4 Darrow, ‘‘Transmutation by alpha particles,’’ Rev. Sct. 
Instruments, 5, 66 (1934). 

5 CuRIE AND Jo.iot, ‘‘Chemical separation of new radio- 
“ao” emitting positive electrons,’’ Compt. rend., 198, 559 
1934). 
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eC? + ,H? = ;N® + oneutron! 
7N}8 = 6C!* + jpositron® 


It seems, however, that when carbon is bombarded 
with deutons, only about 1% of the transformations 
yield radio-nitrogen; while 99% give the isotope of 
carbon. It is believed that the latter transformation 
takes place according to the following scheme: 
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sC!? + ,H? = ,.C¥ + ,H! + gamma rays 


The reason for this statement is that the amount of 
neutron and positron emission is very small. 

The production of induced radioactivity by high- 
speed protons may be pictured as: 


«C2? + ,H! = ;N}8 
7N}8 = 6C}3 + jpositron® 





RUBBER BALLOONS for 
DISPENSING GASES 


CHAUNCEY C. HALE 


University of Wisconsin Extension Division, Milwaukee, Wisconsin 


S THE science of chemistry develops, it often 
seems desirable to incorporate new material into 
the beginning course in chemistry. Thus the 

beginner’s load often exceeds that which the average 
student can carry advantageously. Likewise in the 
laboratory the instructor is inclined to emphasize quan- 
tity rather than quality and in the end accomplish less. 
It has been our aim to reduce the routine, time-con- 
suming operations to a minimum, and substitute ma- 
terial of a more valu- 
able character, such as 
experiments involving 
quantitative manipu- 
lation for the chemis- 
try major, and every- 
day practical material 
for the liberal educa- 
tion student. 
In order to procure 
material for experi- 
ments relating to gases 
preparations must pre- 
cede the actual testing 
of the physical and 
chemical properties. 
Often as much or more time is spent in the collecting, 
assembling, and disassembling of apparatus as is re- 
quired in the actual investigation of the properties. 
The dispensing of compressed gases to the student 
offers certain mechanical difficulties not encountered 
in dealing with solids or liquids. Providing the labo- 
ratory with a pipe line connected to a high-pressure 
gas cylinder through a reducing valve does not put the 
gas in the hands of the student. Furthermore, to 
limit the danger, an individual line is necessary for 
reactive gases. 


Equipment of the type shown in the illustration has 
proved satisfactory in use. The student is supplied 
with a gas balloon which he equips with a one-hole 
rubber stopper, glass tube, rubber connection, and 
screw cock. He then has a container which can be 
filled for him at the supply room and from which he 
can remove the gas to be used as the work requires. 

No doubt every laboratory supervisor sighs with 
relief when his class has finished the work on hydrogen 
without a serious accident. With the balloon method 
the chances of an explosion are remote, for the gas is 
pure to start with; furthermore, if it does explode, 
there will be no flying glass to injure the operator or 
those near him. 

Since the balloon merely replaces the gas generator, 
the student still has the experience of collecting gases 
over water or by upward or downward displacement 
of air. From his subject matter on the sources of the 
gas in question, he has learned the laboratory method 
of preparation. As many of our students have pre- 
viously studied high-school chemistry, they have little 
to gain in repeating the use of the generator. Also, 
several gases, such as hydrogen chloride and chlorine, 
remain for which it will be necessary to set up a genera- 
tor. 

Compressed gases can now be obtained at reasonably 
close distributing centers, and when purchased in large 
cylinders, the price is moderate. Suitable reducing 
valves are available, and the manufacturers have taken 
necessary precautions so that the valves for certain 
gases may not be used on another tank from which the 
issuing gas will react with the original one. A reduc- 
ing valve of the precision character is highly advised 
for hydrogen. Special gas balloons may be obtained 
from rubber manufacturing companies by the gross 
for a cost of a few cents apiece. 





MODIFICATION of 


VICTOR MEYER’S APPARATUS 


H. B. GORDON 


306 West 20th Street, New York City 


LTHOUGH the Victor Meyer method has been 
A in use for many years and a number of modifica- 

tions have been suggested by Henderson (2), 
by MacInnes and Kreiling (3), by Weiser (4), and 
others, no important modification of the rather cum- 
bersome apparatus appears to have been generally ac- 
cepted. It has been the aim of the writer to devise a 
procedure whereby apparatus which is normally 
found in every chemistry laboratory may be adapted, 
by the chemist with but little skill as a glass-blower, 
to this important determination. 

The essentials of the apparatus developed are shown 
in the accompanying sketch. An -Erlenmeyer flask, 
A, takes the place of 
the usual inner vessel 
of the Victor Meyer 
apparatus. For the 
sake of clarity the 
various apertures in 
the stopper of the 
flask are represented 
as ina line, thus mak- 
ing the neck of the 
flask appear abnor- 
mally wide. The flask 
is placed in a suit- 
able outer vessel, B, 
which may be a large 
beaker, a tin can, or 
other suitable con- 
tainer. The mouth of 
the flask is closed by a rubber stopper, C, which is 
fitted with a slender test-tube, D, and a gas exit tube, 
E. The test-tube is also fitted with a stopper, F, 
which carries a small glass exit tube, G, and two iron 
wires, H and J. These wires may be about 2.5 mm. 
in diameter. About a centimeter of the lower end of H 
is bent up horizontal, and the upper end is also bent 
to form a horizontal handle. The lower end of J is 
bent into a very small loop, J, which is also horizontal. 
This wire is also furnished with two other horizontal 
loops, K and K’. These are shaped like a figure 8, 
one loop of which is around the wire. These loops 
may be made of several strands of very fine wire, such 
as is used in flexible lamp cord. They may thus be 
moved up or down as desired on J but are tight enough 
not to slide of their own weight. A similar loop, L, 
holds the two wires at a suitable distance apart while 
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permitting H to be rotated. The small glass tube, G, 
is bent in the form of an inverted U, and is attached by 
a short rubber sleeve (not shown) to a similar tube, M, 
in the flask. A more workmanlike arrangement would 
be to have the tube M sealed into the side of the 
test-tube just below the stopper, C, but this would 
require more skill in glass working than does the 
arrangement shown. The gas exit tube, F, is con- 
nected to the gas buret, N. In the connecting line 
it is convenient to have a three-way stopcock, O. 

The flask is supported slightly above the bottom of 
the outer vessel to permit free circulation of the fluid 
beneath as well as around it. It is well also to cover 
the outer vessel with a suitable screen, P. The sample 
is introduced by means of a capsule like that suggested 
by Dietz (1). Such a capsule consists of a short 
piece of small glass tube, drawn down to a capillary at 
each end. The stopper, F, is withdrawn from the test- 
tube, the wire, H, is so adjusted that its lower end lies 
across the wire J at a point slightly above the terminal 
loop, J. The capsule containing the sample is then 
put in place. The finer (and weaker) capillary is 
passed through the loops K and J, and K’ is drawn 
down over the upper capillary. The loops K and K’ 
are adjusted to hold the capsule firmly in place. The 
wires carrying the capsule are then slipped into the test- 
tube and the stopper, F, is pushed into place, taking 
care that the rubber sleeve makes a secure union be- 
tween the glass tubes G and M. After all excess air 
has been driven out and the stopcock has been turned 
to connect the flask and buret, the handle of the wire H 
is moved through a horizontal arc, causing the lower 
end of the wire to describe a corresponding arc. The 
capillary end of the capsule is thus broken, the sample 
is liberated and immediately vaporized. The heavy 
vapor from the sample is formed at the bottom of the 
test-tube and forces air from the top of the test-tube 
through the tube M to the bottom of the flask, driving 
air from the top of the flask to the gas buret. On 
account of the rapidity of the vaporization of the sample 
some of the air expelled is likely to be lost if it is re- 
ceived in a simple gas-measuring tube. The use of a 
gas buret is therefore essential. 

Obviously the outer vessel may be filled with either 
steam or liquid. If with liquid it need not boil if it is 
kept at the same temperature before and after the 
vaporization of the sample. 

The question naturally arises whether any of the 
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vapor of the sample is driven out of the flask. To 
test this the method used by MacInnes and Kreiling 
(3) was employed. Test paper containing potassium 
iodide and starch was placed in the delivery tube near 
the stopcock, and a sample of bromine weighing 
0.1350 g. was introduced and vaporized in the usual 
way. The test paper was not affected and but a trace 
of bromine vapor could be observed in the flask outside 
the test-tube. 

An obvious simplification of the apparatus is the 
omission of the test-tube, D, and the glass tubes, G 
and M. The wires in this case are inserted in the 
stopper of the flask and this is withdrawn for introduc- 
tion of the charge. By another simplification the tubes 
G and M are omitted and the test-tube is replaced by 
a glass tube open at both ends and long enough to 
extend from near the bottom of the flask above the 
covering screen, P, but only large enough to admit the 
capsule easily. The end of the capsule is broken off, 
and the capsule, broken end first, is dropped into the 
tube, whose upper end is immediately closed by suitable 
means. Vaporization by this procedure is of course 
gradual, and if desired the buret may be replaced by 
a simple gas-measuring tube. 

Experience indicates that with the first of these 
simplifications some vapor is likely to be expelled from 
the apparatus with consequent high values for molecu- 
lar weights. However, results are as accurate as re- 
quired in most cases. The writer’s students have 
appeared to obtain at least as good results with both 
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simplified forms of equipment as with the usual form 
of Victor Meyer apparatus, and have of course found 
the manipulation much simpler. It is necessary, 
however, to exercise some care to avoid burning by 
the steam evolved except in using the second simplifica- 
tion. 

Loading the sample into the capsule deserves some 
mention. The most natural way to accomplish this 
purpose is to place one end of the capsule in a small 
beaker of the liquid under investigation and to suck 
with the lips at the other end. The method is fairly 
satisfactory but may result in pricking the lips or in 
drawing some of the liquid into the mouth. A better 
method is to use a small rubber tube, one end of which 
is closed by a glass bead. Near this bead a hole is 
made in the tube wall by means of a pin. One end of 
the capsule is inserted in the pin-hole, the other end is 
placed in the liquid under investigation, and gentle 
suction is applied at the open end of the rubber tube. 
Pressure on the rubber tube by the thumb and finger 
helps to regulate the amount of liquid drawn into the 
capsule and in its retention while the capsule is lifted 
from the liquid. The ends of the capsule are sealed 
by a small flame. 

LITERATURE CITED 
(1) Dietz, A., J. Cuem. Epuc., 9, 2096-8 (1932). 
(2) HENDERSON, W. E., J. Am. Chem. Soc., 34, 553 (1912). 
(3) MacINNEs, D. A. AND KREILING, R. G., tbid., 39, 2350 


(1917). 
(4) Weisser, H., J. Phys. Chem., 20, 532 (1916). 





WOOD DISTILLATION 
in the LABORATORY 


THE REV. BROTHER HORMISDAS 


Saint Stanislas High School, Montreal, Canada 


HE PURPOSE of this paper is to present a 
laboratory type of apparatus suitable for a 
quantitative study of the products of wood 
distillation. 
The photograph and the diagrams show the con- 





FIGURE 1 


struction of the oven and also the general assembly 
of the various parts. 2 
The oven, Figures 1 and 3, is the cylindrical bottom 
section of an old 
hot-water kitchen 
tank. It is cut by 
the acetylene torch, 
about two feet from 
the bottom, and the 
upper extremity of 
the tank is removed 
and welded to the 
lower section. A 
rectangular opening 
is made in this end, 
which is to be the 


front part, for load- Ficure 2 






































a 




















JouRNAL OF CHEMICAL EDUCATION 


diameter, respectively. In the 1/2” 
opening is inserted a thermometer 
which should reach inside to the 
center and be enclosed in an iron 
pipe. The other two openings are 
outlets for the gaseous volatile prod- 
ucts and tar, respectively. The lower 
outlet for tar may be dispensed with. 
To save heat and fuel the oven is 
completely enclosed with a brick 
wall and roof. It is fired by three 
rows of three Bunsen burners each. 
The carbonizing cycle requires ap- 
proximately 10 hours. The capac- 
ity is 55 lb. of hardwood. This 
gives about 18 Ib. of fine-grade 
charcoal, 25 lb. of pyroligneous 
liquor, and 70 cu. ft. of partly com- 
bustible gases. 
Careful firing is necessary dur- 








FIGURE 3 




















































































































ing the exothermic decomposition, 
275-300°C., to avoid accidents 
and to obtain good yields. 

The gaseous vapors and vola- 
tilized tar are led through the 
upper outlet to a maple sirup can, 
kept cool (Figure 4). This func- 
tions as a separator for the undis- 
solved tar. In the 2-liter flasks (4) 
and (5), the greater amount of the 
pyroligneous liquor condenses, while 
in the flask (6), there is more of di- 
lute alcohol and acetic acid, and in 
(7), acetone. 

Of course, these substances dis- 
solve considerable quantities of oils 
and tar. Subsequent operations 
consist in the neutralization of the 
acid followed by fractional distilla- 
tions for the separation of dissolved 
tar, wood oils, wood alcohol, and 
other volatile constituents. 














Oven 

Gas testing outlet 

Tar condenser (bottom outlet for 
liquid tar) 

2-liter flasks; pyroligneous liquor, 
water, wood alcohol, acetic acid, 
oils, tar 


Acetone flask 


burner 
Motor 


ing and unloading. Its edges are lined on the outside 
with welded iron straps, an inch in width, and four 
tapped holes are drilled to screw down the cover, made 
of galvanized iron and edge-reénforced with iron bands. 

The whole is mounted lengthwise on a frame made 
of welded iron straps. There are also three other 
tapped holes in the oven, 2'/,”, 13/,”, and 1/2” in 


Dilute alcohol-acid flask 


Gas meter (2 cu. ft.) wood gas 
Suction and force pump for the 


As shown in Figure 2, when prop- 
erly mounted with the required in- 
formation, the intermediate and 
final products of wood distillation 
make a fine exhibit on the subject 
for the science class. 

Before undertaking the experi- 
ment, it is necessary to acquire a 
working knowledge of the operations required by 
consulting a technical book on the subject, such as, 


“‘The destructive distillation of wood,’’ H. M. BuNBury, Ernest 
Benn, Ltd., London, 1923, 320 pp. 

“The technology of wood distillation,’” M. KLAR AND ALEXANDER 
Ruiz, D. Van Nostrand Co., New York City, 1925, 511 pp. 

‘Wood products, distillates and extracts,’’ F. DUMESNY AND 
J. Noyer, Gauthier-Villars et Cie., Paris, 1926, 432 pp. 
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KEEPING UP WITH CHEMISTRY 


The alkali industry—I. SranteyI. Levy. Sch. Sci. Rev., 15, 
429-42 (June, 1934).—The paper opens with the enumeration of 
the main branches of the alkali industry. A brief historical 
résumé follows. The Solvay process is then discussed in detail, 
the order of development being: theory of the process, prepara- 
tion of ammoniacal brine, carbonation, filtration and washing, 
drying and calcining, ammonia recovery. (To be seers 


The applications of solid carbon dioxide. F. Hrywoop. 
Chem. & Ind., 53, 448-6 (May 18, 1934)—The main commer- 
cial sources of carbon dioxide are: Haber ammonia process, 
fermentation processes, flue gas from coke combustion, flue gas 
from lime burning. The impurities in the raw gas, sulfur com- 
pounds, esters, and sometimes lubricating oils, must be removed 
to a large extent if the material is to be used for the refrigeration of 
foods. The heat absorbed when the evaporation occurs at 
—78.9°C. is 247 B.t.u. per lb. (137 kg.-cal./kg.); if the tempera- 
ture is allowed to rise to 0°C. the carbon dioxide gas will absorb 
an additional amount of heat, making a total of 275 B.t.u. per lb. 
(152 kg.-cal./kg.). In the United States the sale of solid carbon 
dioxide has increased from 170 tons in 1925 to 54,000 tons in 1932. 
From 75% to 90% of this has been used in the ice-cream industry. 

E.R. W. 

Flow-sheets of process industries. ANoNn. Chem. & Met. 
Eng. (Suppl.), 41 (May, 1934).—Each one of these flow-sheets 
has been checked by an expert and represents good average 
practice in that industry. Flow-sheets are given for cane-sugar 
refining, alumina, hydrochloric acid, sulfuric acid by chamber and 
contact processes, sulfite pulp, synthetic nitric acid, potash from 
sylvinite, lithophone, viscose rayon, soda pulp, sodium silicate, 
industrial alcohol, trisodium phosphate, portland cement, rubber, 
acetic acid, aluminum sulfate, petroleum refining, amyl alcohol 
from pentane, phosphoric acid, silicon carbide, calcium cyan- 
amide, synthetic phenol-molding compound, electrolytic caustic 
soda and chlorine, lime-soda caustic, dynamite, ammonia-soda, 
coal-tar refining, ammonium phosphate, cellulose acetate, cal- 
cium acetate, ammoniated superphosphate, cuprammonium 
rayon, butanol, laundry soap, by-product coke, cellulose nitrate, 
ammonia synthesis. . W. H. 

A new classification of unit operations. T.R.OLIvE. Chem. 
& Met. Eng., 41, 229-31 (May, 1934).—‘‘Unit operation’’ is 
defined as any mechanical or physical operation of unit nature, 
used to condition one or more of the reacting materials in a 
technical process or to control their environment. Unit opera- 
tions bring about changes of state, of position, or of energy con- 
tent, but they do not affect chemical constitution or molecular 
structure. ‘‘Unit processes’ on the other hand have been de- 


fined as representing the embodiment of all factors in the techni- 
cal application of individual reactions. It is proposed to classify 
all unit operations under the main heads: Materials Handling; 
Fluids Handling; Disintegration; Mixing; Heat Transfer; 
Separation; Control; and Physical Operations. J. Wik. 


Heat joins the union. ANon. Ind. Bull. of Arthur D. Little, 
Inc., 89, 2 (May, 1934).—The sticking of sheet materials, face to 
face, is an important plant operation in certain industries. Por- 
ous substances like wood, leather, and paper present the simplest 
problem. Liquid cements are not in general applicable to the 
sticking of metals, glass, plastics, rubber, and other non-porous 
substances. Special devices must be resorted to. In metals 
they resort to soldering and brazing; for rubber, rubber cements 
are of great importance. These are applied as liquids, the solvent 
evaporating, and the tacky surfaces pressed together. Then 
there is the thermoplastic cement for joints where one surface is 
glass, Bakelite, metal, or other impermeable material. A 
thermoplastic cement is a solid composition which, on heating, 
softens to a pasty liquid which adheres to the surfaces to be 
joined, and sets up to a solid on cooling, as for example sealing 
wax and the newer synthetic resins, especially Vinylite. Safety 
glass for automobiles is a large-scale application of thermo-ce- 
menting, where layers of glass and an intermediate layer of cellu- 
lose acetate are heat-cemented, preferably by plasticized resins. 
Sheets of gutta percha are used for cloth for shoe tops or up- 
holstery, where a temporary adhesive is required, to keep the 
layers from slipping while being manufactured. Tailor’s mend- 
ing tissue is gutta percha. A prominent chemical company has 
recently launched a line of liquid thermoplastic cements. These 
are based on pyroxylin, plasticizers, and resins which may be 
applied by dip, spray, brush, or roller coating, dried in the air for 
about twenty minutes, or oven-dried ina quarter of that time, to 
get rid of the solvent. If desired, the coated surfaces can then 
be joined or an iriterval of months or days may elapse. The 
coated surfaces are brought into intimate contact by means of 
a roller press or die. Heat is applied at 250°F. or higher, de- 
pending upon the conductivity of the material, until the cement 
softens and the union is made. On cooling, the cement sets and 
a strong bord results. It is water-resistant, and has a long life. 

G. O. 


How much nicotin is converted into smoke during the smok- 
ing of cigars or pipes? V.L. Nacy anp L. Barta. Angew. 
Chem., 47, 214-5 (Apr. 7, 1934).—By means of a number of 
experiments the authors prove that nicotin is neither burned 
nor decomposed during the smoking of cigarets, cigars, or pipes. 
It is converted entirely into smoke. . S. 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Experiment to show the principle of the Davy lamp. F. Farr- 
BROTHER. Sch. Sci. Rev., 15, 523 (June, 1934)—A 30-mesh 
copper gauze cylinder 51/2 inches high by 11/2 inches in diameter, 
closed at one end, is inverted over a lighted candle, the bottom 
edges being pressed down into a bed of plasticene. A stream of 
gas from an unlighted burner is played against the cylinder. 
The gas can be observed to burn within the cylinder but the 
burner is not lighted. If a small tunnel is made through the 
plasticene the burner ignites. Oo. R: 
Saponification of olive oil. W.R.FEARON. Sch. Sci. Rev., 15, 
523 (June, 1934).—An experiment to show the course and prod- 
ucts of alkaline hydrolysis of a typical lipide! Shake 4 cc. of 
olive oil with 4 cc. of 20% NaOH solution. Heat in boiling 
water with occasional shaking for at least one-half hour. Cool 
and separate layers (upper layer, unchanged olive oil; inter- 


mediate layer, solid soap; lower layer, glycerol and alkali). 
Apply tests for glycerol and soap. O. R. 
Water blower. A. J. MEE. Sch. Sci. Rev., 15, 524 (June, 
1934).—A glass tube about 1 foot long and 2 inches in diameter is 
provided with a two-hole stopper through which pass the water 
outlet tube of a filter pump and a glass tube through which the 
compressed air is driven. The large tube is placed inside a glass 
cylinder. When the water pump is turned on, water partially 
fills the inner tube and overflows the sides of the outer cylinder. 
The air pressure is equivalent to the difference in the height of the 
water inside and outside the tube. The device will provide 
sufficient pressure to operate a blow-pipe. O. R. 
Action of magnesium on steam. J. D. PETERKIN. ‘Sch. Sci. 
Rev., 15, 524 (June, 1934).—A spiral of magnesium is suspended 
from the top of a closed container (with side-arm) containing a 
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little water. The water is boiled by means of a Bunsen burner 
and the hydrogen evolved escapes through the side-arm and is 
collected over water. 


Scenic model of lead chamber sulfuric acid plant. R. C. 
Brown. Sch. Sci. Rev., 15, 348-9 (Mar., 1934).—Full descrip- 
tion with halftone plate. O. R. 


Demonstration of the manufacture of candles and glycerin. 
H. Romiscu. Z. phys. chem. Unterricht, 47, 109-11 (May-June, 
1934).—Detailed directions are given for the demonstration of 
the industrial manufacture of candles and glycerin. The experi- 
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ments described are suitable for lecture demonstrations as well 
as for student use. L. S. 
Chemical demonstrations on air protection. R.ScuarF. Z. 
phys. chem. Unterricht, 47, 54-63 (Mar.-Apr., 1934).—A number 
of experiments on war gases are described in detail. These ex- 
periments are classified as follows: 1. Density of War Gases. 
2. Adsorption of Gaseous Substances by Activated Charcoal. 3. 
Adsorption of Gaseous Substances by Chemicals. 4. Catalytic 
Combustion of Carbon Monoxide. 5. Destruction of Suspended 
Particles. 6. Experiments with Electron-Metal and Thermite. 
7. Preparation of an Irritant. LS: 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


Electrometric titration and neutralization reactions. I. 
General principles. C. Morton. Sch. Sci. Rev., 15, 443-53 
(June, 1934).—An elementary exposition of the subject. The 
topics covered are: electrode potentials (Nernst’s equation), the 
hydrogen electrode, the pH scale, the quinhydrone electrode, the 
glass electrode (HABER AND KLEMENSIEWICZ, Z. phys. Chem., 47, 
385 (1909)], the saturated calomel electrode, the form of the 
neutralization curve. There are several illustrative titration 
graphs. (To be continued.) 5 es 

Osmosis—II. W. L. Francis. Sch. Sci. Rev., 15, 454-62 
(June, 1934).—In the first article of this series [ibid., 14, 394 
(June, 1933)], the early experimental work on osmosis and its 
theoretical interpretation were discussed. 

The present article discusses the molecular sieve theory of 
osmosis and cites examples of its successful application, including 
the extension of the idea to the technic of selective ultrafiltration. 
The inadequacy of this simple theory to explain all osmotic 
phenomena is, however, pointed out. 

The membrane solution theory is stated and the following 
experiments are suggested: (1) respective diffusion rates of He, 
CO,, and NH; through wet and dry parchment membranes; 
(2) diffusion, in a tube, of MeOH through a thin layer of castor 
oil into a lower water layer; (3) the increase in volume of a lower 
layer of water, saturated first with phenol and then with Ca- 
(NOs3)2, and separated from an upper layer of water saturated 
with phenol by a thin membrane layer of phenol saturated with 
water. 

The membrane adsorption theory is also discussed and illus- 
trated. 


HISTORICAL AND 


The 100th birthday of D. Mendeléeff. P.Watpen. Chem.- 
Ztg., 58, 125-7 (Feb. 10, 1934).—A description and evaluation 
of his work. 

Frederick Walton. 
linoleum. R. D. Hopcson. 


8. 
Centenary of the birth of the inventor of 
Chem. & Ind., 214-6 (Mar. 9, 
1934).—Frederick Walton was born on March 13, 1834, and died 
on May 16, 1928. His immediate forebears for three generations 


were cloth frizzers. He was early introduced to India rubber and 
its limitations; he spent a good deal of time in trying to find a 
better plastic material. He prepared a material which he called 
“Campticon”’ out of oxidized oil mixed with resins and gums. 
He tried to market a mixture of this with cork as a floor covering. 
After much financial trouble the first length of linoleum (not yet 
so named) passed through his rollers in 1863. He was active in 
the development of the material until the close of the World War. 
E.R. W. 

The Perkin Medal, 1933. Anon. Chem. & Ind., 53, 191-5 
(Mar. 2, 1934); 216-9 (Mar. 9, 1934).—The major portion of 
this paper is the address, Chemistry and Art, delivered by 
the medalist, Colin G. Fink of Columbia University. The 
older Ostwald was one of the first chemists to come to the rescue of 
artists who were bothered at that time with the slow fading of 
color and detail of their paintings. More recently the sculptures 
of marble and of other stone which have been transported from a 
warm, dry climate to London or to New York have been noted to 
weather more in a few years than they did in centuries in the land 
of their creation. It has been found possible to prevent some of 
this by leaching out of the stone the soluble chloride, sulfates, and 
nitrate of sodium which have accumulated during the ages. If 
the sculptures are to be exposed to the weather a treatment 
with hot paraffin has proved of value in excluding moisture and 
the resulting weathering due to frost. The chemist has been able 
to help in the detection of age and in the determination of 


The possibility of diffusion effects by reason of the physical and 
chemical alterability of a membrane is illustrated. Gelatin and 
agar membranes are compared as to their pH sensitivity. 

Several cases of anomalous osmosis are cited. (Series to be 
continued.) OR, 

Heavy hydrogen. F. A. Puitsrick. Sch. Sci. Rev., 15, 386- 
93 (Mar., 1934).—A review of the discovery, preparation, proper- 
ties, analysis, and chemistry of heavy hydrogen and heavy water. 

Ow. 


Some recent advances in chemistry. W.H. Barrett. Sch. 
Sci. Rev., 15, 378-85 (Mar., 1934).—This brief review covers 
approximately the period of the past eight years. As might be 
expected, little more than mention of a few chemical achieve- 
ments is possible. The author touches upon atomic and molecu- 
lar structure and valence, the kinetics of gas reactions, theories 
of electrolytic solutions, new inorganic compounds, crystallogra- 
phy, new methods of analysis, and biochemistry. RB; 

Progress report in the field of physiological chemistry since 
1929. Z. angew. chem.,47.—I. Natural products. 1. Carbo- 
hydrates. H. OnLE. 247-56 (Apr. 28, 1934).—Introduction. 
Monosaccharides. Discovery and Synthesis of New Sugars. 
Constitution and Configuration of Sugars Found in Nature. 
Transformation of Monosaccharides into Other Monosaccharides. 
Tautomerism of Sugars. Glycosides. Toluolsulfo Derivatives 
of Sugars and Their Reactions. The Glykal Group. Amino 
Sugars. Oligosaccharides. Polysaccharides. Hemicelluloses. 
Rubbers, Glutinous Substances, Pektines 

4. Lipoids. E. KLuex. 271-4 (May 5, 1934).—Conversion 
of Fats. Fats. Phosphatides. Cerebrosides. dics 


BIOGRAPHICAL 


authenticity of sculptures and paintings. Ancient pottery 
articles unglazed but decorated had had the particles of paint 
lifted by the growth of troublesome salt crystals. The salt was 
removed and the paint particles were put back into place by 
electro-osmosis. It has been possible to reduce the oxides and 
salts which have resulted from corrosion of articles of copper and 
bronze back to the metal in situ and thus to retain the original 
figures and form. The reduction is accomplished by carefully 
controlled electrolysis. The bronze disease has been eliminated 
by removal of chlorides, sulfates, and water. Dry, acid-free 
atmospheres for museum cases have been maintained by the 
use of soda-lime placed within the cases. i. ie, W. 
Bicentenary of Stahl, 1660-1734. Anon. Nature, 133, 
714 (1934).—Two hundred years ago Georg Ernst Stahl, cele- 
brated physician and chemist, died at Berlin. For many years 
he had been physician to Frederick I, King of Prussia, but he 
was also a student of science and a voluminous writer, as shown 
by his 250 works. Many of his publications appeared during the 
period in which he was professor of medicine, anatomy, and 
chemistry at the newly founded University of Halle. He taught 
there for twenty-two years (1693-1716), and it was during that 
time he enunciated the doctrines of vitalism and animism and 
the theory of phlogiston, the latter a generalization which did 
much to make chemistry a science. ‘‘The doctrine of phlogiston,”’ 
says Thorpe, ‘‘was embraced by nearly all Stahl’s German 
contemporaries, notably by Marggraf, Neumann, Eller, and 
Pott. It spread into Sweden, and was accepted by Berg- 
mann and Scheele; into France, where it was taught by Duhamel, 
Rouelle, and Macquer; and into Great Britain, where its most 
influential supporters were Priestley and Cavendish. It con- 
tinued to be the orthodox faith until the last quarter of the 
eighteenth century, when, after the discovery of oxygen, it was 
overturned by Lavoisier.’ F. B. D. 





RECENT BOOKS 


THE KINETICS OF REACTIONS IN SOLUTION. E. A. Moelwyn- 
Hughes, D.Sc. (Liverpool), D.Phil. (Oxford), Lecturer of Trin- 
ity College, Oxford. The Oxford Press, New York City, 1933. 
vi + 313 pp. 16 X 23cm. $5.00. 


This monograph can be most appropriately characterized as 
“Hinshelwood in Solution,” for the author endeavors to carry 
over to solutions the same approximate methods which Hinshel- 
wood has advocated for the interpretation of gaseous reactions. 
In short, the attempt is made to interpret rates in solution by an 
equation of the form k = Ze £/RT where Z is the collision num- 
ber as calculated from gas kinetic theory, and E is the energy of 
activation as computed from the Arrhenius equation with cer- 
tain modifications. To this end, the literature has been combed 
for reactions in solution and an enormous amount of data organ- 
ized in a way that will be of much service to investigators in the 
field. 

The author is to be commended for bringing to light (p. 100) 
variations in rates with concentration which have not received 
adequate attention; also, for many stimulating suggestions of 
problems which need further investigation (pp. 101, 200, 201). 
Unfortunately, the treatment of the data is often more extensive 
than critical. For example, in Table II, p. 79, if the corrections 
on p. 215 are applied to the ionic reactions 13, 14, and 15, the good 
agreement claimed in the last column is reduced approximately 
hundred fold. Attention is directed to some of the marked dis- 
crepancies between theory and experiment which are passed over 
(pp. 216, 218). A noteworthy exception is the critical footnote 
on p. 124. 

That so simple a treatment cannot be generally applicable in 
solutions has been recognized for many years, and the author 


is obliged to suggest various subsidiary hypotheses (pp. 81-3) 
to save the theory. Previous to the appearance of this mono- 
graph, the author’s thesis had been criticized by Polissar, D. T. 
Lewis, and Huddelston, and by the present reviewer in the J. 


Chem. Phys., 1, 289 (May, 1933). None of these criticisms has 
been satisfactorily met (p. 168). The reviewer feels that it is 
questionable whether the concept of a collision between a solute 
and a solvent molecule (pp. 18-21) can be assigned a sufficiently 
definite physical meaning so that the frequency of collision can 
be calculated without ambiguity. The argument (pp. 80, 168) 
assumes that it is legitimate to make long extrapolations to a com- 
mon temperature using a simplified formula which has been tested 
only within very limited temperature ranges. This may not be 
“the right way to regard the problem.’’ On both experimental 
and theoretical grounds, it is difficult to see why E should be a 
constant independent of temperature, although it may so behave 
over a limited temperature range. As the reviewer has pointed 
out, the assumption of E as independent of T leads to thermo- 
dynamic restrictions and contradictions when applied simul- 
taneously to reversible reactions. The treatment consequently 
must be rejected as a satisfactory solution of the problem. The 
fact that values of Z between 10% and 10!” are most frequently 
encountered (p. 82) is hardly a cogent argument for the theory. 
It only proves that reactions having these values are easiest to 
measure and consequently more of them have been studied 
quantitatively. It furnishes no evidence that such are the most 
common of all possible reactions. While the reviewer cannot 
accept the arguments as conclusive, the book nevertheless repre- 
sents a valuable addition to the subject. It will be of much 
value to anyone who is interested in this broad field and is in a 
position to read it critically. 
Victor K. LAMER 
CoLuMBIA UNIVERSITY 
New York City 
7 

CaRL WILHELM SCHEELE—SEIN LEBEN UND SEINE WERKE. 

Privat-Dozent Dr. Otto Zekert, Wien. Herausgegeben von der 


Gesellschaft fiir Geschichte der Pharmazie. Buchdruckerei 
Arthur Nemayer, Mittenwald (Bayern). Part 1 (1931), 33 pp.; 
Part 2 (1932), 40 pp.; Parts 3-7 (1934), 303 pp. 65 illustra- 
tions. 19 X 25 cm. Part 1, paper, 3 marks; Part 2, paper, 
2.20 marks; parts 3-7, paper, 12 marks, bound, 15 marks. 


Although Scheele’s fame rests upon his remarkable genius for 
discovering and isolating new elements and compounds, it must 
not be forgotten that he was a lifelong practitioner of pharmacy. 
Apprenticed to this profession, by his own choice, when not yet 
fifteen he remained true to this calling even after he had earned 
an international reputation as a chemist. Glittering offers from 
the court, from the scientific center of his native country, from 
foreign rulers, from industrial corporations, all were unhesitat- 
ingly rejected. He preferred to pursue the easy tenor of his life 
as the proprietor of an apothecary shop in a small town. From 
this modest station in life he derived a high degree of satisfaction 
from a task well done and when his vocation permitted he worked 
at his beloved hobby, chemistry. The pharmacists are there- 
fore justly proud of their colleague and this biography fittingly 
bears a distinctly pharmacic imprint. However, the work con- 
tains much of interest to the student of chemical history and 
many interesting facts appear here for the first time. 

The preface opens: “It has long been my desire to become ac- 
quainted with the places where Scheele lived and worked.” 
This ambition was realized and the author patently made ex- 
cellent use of his opportunities. It is also obvious that he has 
made an extensive and competent study of the documentary ma- 
terial and the reader gains the impression that first-hand in- 
formation is being imparted. The style is fluent, the touch sure, 
and the choice of material admirable. Items of nterest to the 
specialist primarily are segregated. 

The author assumes that his reader comes with the spade 
work completed and this monograph serves to amplify and, in 
some instances, to correct the previous biographies. The em- 
phasis is primarily on the life of his hero and comparatively little 
space is devoted to his achievements. Part 1 deals with Scheele’s 
ancestors and his brothers and sisters. Part 2 discusses his 
childhood at Stralsund and his apprenticeship at Gothenburg. 
Part 3 is made up of the Table of Contents of the Compounding 
Manual written by Scheele’s elder brother. This list which car- 
ries a commentary and glossary by Zekert is a logical part of this 
biography since it gives an insight into the numerous and varied 
preparations, that Scheele himself learned to make in the phar- 
maceutical laboratory. The other Parts are devoted (one each) 
to Scheele’s residence in Malmé, Stockholm, Uppsala, Képing. 

The illustrations which are excellently done are full of interest 
and they include a wide range. Typical are the baptismal 
record, the house in which he was born, the apothecary shops 
(or their successors) where he worked, the window at which he 
studied the effect of the solar spectrum on silver chloride, pages 
from his notebooks, his coffin plate, his tombstone, etc. By 
far the most important of the illustrations is that of an ivory 
medallion bearing a painting of Scheele at about his twenty- 
fifth year. It had been generally supposed that no likeness of 
Scheele was in existence and the various statues of him were 
fruits of the sculptors’ imaginations. Quite by accident Zekert, 
in 1929, found in an obscure pamphlet a photograph made in 
1886 of the medallion. At his instigation thé search was begun 
and after many difficulties the original was finally discovered 
in Berlin. This treasure is now the property of the Apothecary 
Society of Sweden. The story of this important discovery is of 
course included in this monograph. 

The reviewer learned much from this excellent biography and 
he commends it to all students of the history of chemistry. 

RALPH E. OESPER 

UNIVERSITY OF CINCINNATI 

CINCINNATI, OHIO 


483 





TRADE ANNOUNCEMENTS 


Automatic Self-Contained Sprinkler 


Maximum protection at minimum cost characterizes a new 
automatic chemical sprinkler system for use in factories, ware- 
houses, stores, schools, hospitals, basements of dwellings, and 
other places now without sprinkler protection. 

Firetox System comprises one or more aluminum units sus- 
pended from the ceiling and providing protection for a given num- 
ber of cubic feet of space. Should a fire occur within the area pro- 
tected by a unit, the excessive heat develops a pressure within 
the unit and melts the low-melting-point solder of its sprinkler 
head. This releases under pressure a carbon tetrachloride spray 











Canson Tetracmvomps || 




















MECHANISM OF THE FIRETOX SYSTEM UNIT 


10. Siphon pipe—aluminum 
Hanger  bracket—steel- 
plated 
Spreader 
num 
Nozzle 
steel 
Solder—low melting point 

Nozzle—stainless steel 

Foil supporting substance 

such as glycerin 

17. Threaded flange—alumi- 
num 


Valve head—aluminum 
Spreader—aluminum Ti, 
Nozzle plug—aluminum 
Top diaphragm washer— 12. 
aluminum 
. Diaphragm—gold22karat; 13. 
ruptures at 25 lb. pressure 
Bottom diaphragm washer 14. 
—aluminum 15. 
Siphon plug—aluminum 16. 
Container top—aluminum 
Container bottom—alumi- 
num 


rivet—alumi- 


cap— stainless 


which, in contact with heated air, becomes a gas blanket five 
times heavier than air. This gas blanket settles down on the 
blazing area and, by diluting the oxygen, extinguishes the fire 
without water or chemical damage. Otherwise the contents of 
the unit remain hermetically sealed. There is no evaporation, 
freezing, corrosion, deterioration, or maintenance cost. No 
piping is necessary. The units are entirely self-contained and 
fully automatic. 

Necessary listing and approval have been obtained from 
Underwriters’ Laboratories and Factory Mutual Laboratories 


for use under conditions specified. Firetox System units to- 
gether with engineering service for proper and effective installa- 
tion are offered by Firetox System, Inc., Attleboro, Mass. 


B & L Publications 


The Bausch & Lomb Optical Co. of Rochester, N. Y., has on 
hand a few copies of a reprint from the May number of its little 
science magazine, The Educational Focus, entitled ‘‘Test Ob- 
jects for the Microscope.’”’ Also a new Balopticon catalog is 
just going to press, and a complete catalog of high-school scientific 
instruments will be ready early in the fall. 


Conductivity and Potentiometric Apparatus 


Two folders, one describing the ‘“‘Queen Potentiometers,”’ 
and the other listing and portraying a variety of conductivity 
cells and electrode vessels, have recently been issued by the 
Gray Instrument Co. of 64-70 West Johnson St., Germantown, 
Philadelphia, Pa. The folders are available from the manu- 
facturer upon request. 


Chicago Exposition 1934 


Exhibit of Burroughs Wellcome & Co. (U.S. A.) Inc., 
New York City 

The keynote to this exhibit will be found in the records and 
results of original research work carried out at the firm’s Experi- 
mental Research Laboratories, New York. These are shown in a 
group of cases occupying the central position in the exhibit. 
One section is devoted to synthetic substances prepared in the 
Organic Synthesis Laboratory. In this display 130 substances 
are shown in 15 exhibits arranged to show the types of reactions 
involved. An exhibit from the Pharmacological Section of the 
Laboratories illustrates the relationship of chemical constituents 
to physiological action of a series of amines synthesized in the 
laboratory. 

Another part of this exhibit is devoted to nutritional products 
developed in the New York Experimental Research Laboratories. 


Permanent Floor Repairs in 36 Hours 


Concrete, wood, brick, asphalt, or composition floors that 
have become rutted, rough, or broken down can now be per- 
manently repaired or completely resurfaced and ready for use 
in thirty-six hours. 

Unlike materials and methods used in the past, repairs with 
Stonhard Resurfacer require no extensive preparation of the 
old floors; or special tools for its use and application. Anyone 
handy with a trowel can use the material with success. 

Stonhard Resurfacer provides a tough, resilient surface that 
will stand up under the heaviest traffic. In addition, this material 
is waterproof, fireproof, dustless, and non-skid. 

Details regarding use and application can be secured from the 
Stonhard Company, 401 North Broad St., Philadelphia, Pa. 


TAG Steam Traps in Three Sizes 


The C. J. Tagliabue Mfg. Co. of Brooklyn, N. Y., has recently 
brought out a new and greatly improved thermostatic steam 
trap for industrial use. These traps are now offered in 1/2, 3/4, 
and 1-inch sizes with greater capacity and far greater steam 
economy. By virtue of unique principles applied to design 
and construction, they will do the work of larger and more 
costly traps. 

The company has just issued a bulletin illustrating and 
describing the many features of these new traps. They will 
be glad to send it free on request. 











JOSEPH ‘BLACK 
(1728-1799) 


Portrait by an unknown artist in the Scottish National Gallery at Edinburgh. It is interesting 
to compare this picture with the more flattering portrait by Raeburn [Tus JOURNAL, 8, 2139 (Nov., 
1931)] and with the cartoons of Black {ibid., 8, 2138-9 (Nov., 1931)] which it resembles very 
clearly. Black distinguished mild alkali from caustic and understood the difference between them. 
He made important discoveries in physics, particularly with respect to latent and specific heats. 


(Contributed by Tenney L. Davis) 
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EDITOR’S OUTLOOK 














O THE REVIVAL OF AN ANCIENT PAS- 

TIME. Among the many and varied sugges- 

tions that are offered from time to time for the 
pleasant and profitable use of leisure, enforced or other- 
wise, it is surprising to encounter so little mention of 
writing. Few hobbies or pastimes have more to 
recommend them. The physical equipment necessary 
is universally available and of negligible cost—often 
obtainable for the asking. Space requirements are 
almost nil and geographical limitations are non-existent. 
There is no noise of construction to annoy the neigh- 
bors, unless one does his writing on a typewriter and at 
unholy hours. Disposition of incidental debris presents 
no problem. The tangible products are quite as likely 
to be useful or beautiful, or both, as are those of the 
average home workshop or studio. The skills and tech- 
nics to be acquired are at least as significant culturally 
and as practical from the standpoint of general utility 
as those of most hobbies one could mention. 

The element of personal competition is lacking, it is 
true—unless one elects to go in for polemics. Yet the 
element of struggle to surmount obstacles, so fascinating 
to the puzzle fan, the craftsman, or the artist, is ever 
present. 

The collecting urge also finds satisfaction, for the 
writer is always on the alert to note and remember 
happy turns of expression, apt characterizations, vivid 
phrases, and effective tricks of emphasis. These he 
not only collects but digests and assimilates. He may 
reproduce judiciously in time of need but he seldom 
finds it necessary to quote and he gradually acquires 
facility in bringing off coups of hisown. Like the chess 
player who studies the games of the masters, he is ill- 
content merely to borrow mannerisms; he aims at a 
broad general understanding of method. 

This is to say that, as in most arts and crafts, the 
creative and appreciative faculties go hand in hand. 
Each supplements and feeds the other. No one who 
has combed his vocabulary and taxed his imagination 
and ingenuity to the utmost to phrase a difficult ex- 


position or to convey a precise psychological impres- - 


sion can fail of an esthetic thrill when he encounters a 
perfect example of expression. Conversely, no one 
who has ever experienced the intellectual pleasure of 





recognizing and appreciating a perfect phrase can be 
content to write sloppily thereafter. 

There is greater need than most people realize for the 
cultivation of a sense of literary appreciation and its 
corollary self-criticism and self-discipline. It is gener- 
ally recognized that the victim of halitosis, the infre- 
quent bather, the soup-guzzler, the tooth-sucker, and 
the hearty belcher are offensive to polite society. It is 
too little understood that the careless writer is equally 
offensive and disgusting to cultivated people. 

In writing as in life, however, good manners should 
be the outward and visible sign of inward grace. Writ- 
ing as a pastime is to be recommended even more 
strongly for its contribution to inward grace than for 
its enhancement of outward charm. Fuzzy ideas can 
never achieve clear-cut exposition. The writer soon 
learns to improve his thinking as well as his expression. 
The executive who interrupts an enthusiastic but er- 
ratic verbal flight with the request to ‘‘put it in writing”’ 
is a practical psychologist. 

No author of an editorial like this one can arrive at 
his conclusion without a self-conscious qualm of ap- 
prehension that his example may have gone far toward 
nullifying his precept. Nevertheless, it is one of the 
virtues of the writing hobby that it can be taken up at 
the level appropriate to the practitioner, and a further 
merit that interest need never lag for lack of room for 
improvement. If room for improvement is conspicuous 
in the present opus some encouragement may be 
derived from the author’s assurance that he could have 
done much worse ten years ago. 





This month’s cover picture 
is @ reproduction of a portion 
of one of the most charming 
of numerous portrayals of 
“The Alchemist.” Leaving 
aside cartoons, it is one of the 
few which treat the subject 
with humor. The picture is 
the work of Carl Spitzweg. 




















A CENTURY of PROGRESS 
in the PAINT INDUSTRY’ 


G. B. HECKEL 


Editor, Drugs, Oils and Paints, Philadelphia, Pennsylvania 


HE highly appreciated suggestion that I con- 
"Pie a paper reviewing the progress of the 

American paint industry during the past hun- 
dred years was accepted with the understanding that 
it would be an historical and not a technical survey. 
Many of my good friends in this Division are far better 
qualified than I to treat the subject from that point of 
view. However, since the progress of the industry 
has been due very largely to the concurrent progress 
of scientific information, both chemical and physical, 
that phase of the subject cannot be wholly ignored. 


THE BEGINNINGS 


What is believed to be the first paint mill used in 
America may still be seen embedded in the wall of a 
house in Boston, and has long been known as a land- 
mark. Its traditional name is ‘““The Boston Stone.” 
It comprises a part of what was originally a trough, 
surmounted by a ball about nineteen inches in diameter, 
both of granite. It was operated by rolling the ball 
back and forth over the contents of the trough—white 
lead, linseed oil, and tinting colors—until incorpora- 
tion was deemed satisfactory. The owner was Thomas 
Child, a local painter who plied his trade in Boston 
during 1692 to 1706. Up to the time of the Revolution, 
practically all painting materials, with the exception 
of turpentine and, later, linseed oil, were imported 
from the mother country. 


MANUFACTURING MACHINERY 


For a long period, the painter was the only paint 
manufacturer. With the exception of white lead, the 
production of which, in this country, began in 1804, 
and of turpentine and linseed oil, all of the raw mate- 
rials of the industry were imported. The classic ‘‘slab 
and muller’’ and later, the iron, hand-powered ‘‘Harris 
mill” —a modified coffee-grinder—were the standard 
shop equipment. Even white lead was at first sup- 
plied in the dry form; but this was soon replaced by 
lead-in-oil from the edgerunner mill, either single or in 
the form of a ‘‘chaser.” 

The manufacture of paint as a commodity of com- 
merce began at about the time of the Civil War, and 
the devices first utilized were adaptations of the famil- 
iar buhrstone flour mill, the dressing of the stones 
being modified gradually as experience dictated. Vari- 
ous sizes of these mills were introduced as the need 
manifested itself, and for the grinding of colors, espe- 





*Delivered before the Division of Paint and Varnish Chemistry 
of A. C. S. at Chicago, Ill., September 14, 1933. 
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cially those for which the demand was limited, small 
iron and, later, steel mills were made available. They 
are still in rather general use, one or more being re- 
served for the production of a single color. 

The ball mill and the pebble mill were introduced 
to the industry within the past twenty years and are 
now standard equipment, both because of their econ- 
omy of operation and their efficiency. Like a certain 
much advertised laxative, ‘“‘they work while you sleep,”’ 
and with the modern finely ground pigments, requiring 
wetting and dispersion rather than reduction in par- 
ticle size, increase volume output at a minimum cost 
of operating and loss in processing. The familiar old 
buhrstone mill has also been, to some extent, super- 
seded by the harder and finer-grained aloxite stone, 
which is more efficient and retains its sharpness much 
longer. 

The roller mill, another adaptation from flour-milling 
practice, is now an important part of standard plant 
equipment, and in its later forms is efficient and adapt- 
able to almost all paint-making requirements. In 
the latest types pressure between the rolls is automati- 
cally maintained through their entire width and can 
be modified between either pair, while speed differen- 
tials may also be modified at will. 

In addition to these, many other special types of 
mills embodying other mechanical principles are offered 
in great profusion. The latest of these is the ‘“Ban- 
bury mixer’ which, following its successful application 
in the rubber industry, is now knocking at the doors of 
the paint industry. 

In the prepared-paint branch of the industry me- 
chanical mixing devices of many types are available, 
one of the latest being the ‘“‘Turbo Mixer,’’ which, so 
far as speed and efficiency are concerned, seems to 
leave nothing to be desired, though I believe it is still 
undergoing mechanical revision. 


PIGMENTS, VEHICLES, ET AL. 


The first plant for the manufacture of wiiite lead in 
America was established by Samuel Wetherill & Sons, 
in Philadelphia, in 1804, and the business has contin- 
ued in the direct line of descent to the present day.t 
Other plants followed in different parts of the country 
during the next half century, so that, by 1887, there 
were in existence some twenty or more plants, scattered 
all over the country. Competition among them was 
brutal and this competition led to a general degradation 
of the product, any competitive price being met by the 


tAcquired by the National Lead Co., 1934. 
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introduction of a larger percentage of barium sulfate. 
By 1887 conditions had become so intolerable that 
when the president of one of the leading producers 
suggested that they combine in a single “‘trust,”’ all ex- 
cepting two or three gladly accepted the proposal and 
the National Lead Trust was formed. 

It was an era of trusts, which was brought to an 
abrupt end three years later by the enactment of the 
Sherman Law. The infant “trust” then promptly 
reorganized as the National Lead Company. The 
only producers remaining outside of the trust and its 
successor were, so far as I can ascertain, Wetherill & 
Brother, of Philadelphia, the Eagle Lead Company, 
of Cincinnati, and W. P. Fuller & Co., of San Francisco. 

The units of this company all use what is known as 
the ‘‘Old Dutch’’ process of corrosion modified by many 
improvements introduced from time to time. The 
most revolutionary of these was the modification of 
the method of incorporating the product with oil. This 
invention, generally known as the “pulp process,” 
utilizes the selective affinity of white lead for oil. The 
lead paste is agitated with linseed oil, which replaces 
the water. The process dispenses with the slow and 
expensive drying of the pulp lead and subsequent 
grinding in oil. 

Another highly beneficent act of the company 
followed during the agitation over industrial poisoning. 
Its engineering staff developed and patented a system 
by which workers in white lead plants are completely 
protected from exposure to lead dust, installed the 
system in its own plants, and furnished the plans, with 
free license to use them, to all its competitors. 

Various methods of producing the basic lead carbon- 
ate have been introduced from time to time, but of 
these, only two—the Carter and the electrolytic proc- 
esses—are of much commercial importance at this time. 

The original patents for the Carter process were 
taken out in the early seventies by McCrary and 
Adams. Plants, both of which failed, were estab- 
lished successively at Baltimore, Md., and Washing- 
ton, Pa. However, in 1878, a third plant was built, 
at Omaha, Neb. In 1885, Levi Carter bought a con- 
trolling interest and reorganized the enterprise as the 
Carter White Lead Co. Additional plants were later 
erected at Chicago and Montreal. The chemical proc- 
ess involved is identical with that of the “Old Dutch” 
process; but the reactions are materially accelerated. 
Disintegrated lead is subjected in large revolving 
drums to the action of dilute acetic acid and purified 
carbon dioxide, and the operation is completed in a 
fraction of the time required by the older process. The 
company is now a component of the National Lead 
Company. 

The electrolytic process was invented by Elmer A. 
Sperry, of gyroscope fame, and was acquired by the 
International Lead Co. (Anaconda) which built a plant 
for its production in 1920. It permits the use of com- 
plex lead-containing ores, the lead being desilverized 
in the electrolytic ‘‘separating’” procedure. In the 
process the lead anode is immersed in an electrolyte 
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containing sodium acetate with a small percentage of 
sodium carbonate. The cathode is of iron, immersed 
in a solution of sodium carbonate and a little sodium 
acetate. A porous linen diaphragm separates the two 
solutions. On application of the electric current the 
lead dissolves as lead acetate, which is precipitated in 
the catholyte as basic lead carbonate, and is carried in 
suspension to a carbonating tower, where any defi- 
ciency in CO, content is thus under complete control. 
The flexibility of control, both chemical and physical, 
is the distinguishing characteristic of this process. 

Another form of white lead which has won an im- 
portant place in the industry is the basic sulfate. The 
process of manufacture is based on the procedure fol- 
lowed in the manufacture of American process zinc 
oxide. It was suggested in 1866, to Geo. T. Lewis, 
of Philadelphia, by E. O. Bartlett, who was familiar 
with the production of zinc oxide at Bethlehem, Pa. 
Mr. Lewis supplied the necessary funds and Bartlett 
built a plant and began production in Joplin, Mo., call- 
ing his product “sublimed white lead.” 

In 1888, the Picher Brothers became interested, the 
plant was rebuilt, and the company was reorganized 
as the Picher Lead Company. Later Raymond S. 
and his brother, S. Marshall Evans, with John R. 
MacGregor, entered the employ of the company and 
its success was rapid. In 1905 it was consolidated with 
the Eagle White Lead Co., as the Eagle-Picher Lead 
Co., and the product, with many technical improve- 
ments, due largely to Dr. John A. Schaeffer, is now a 
standard pigment in the industry. ; 

Zinc oxide, known to the alchemists as ‘“‘nix album”’ 
and “‘philosophers’ wool,” was first suggested for use 
as a paint pigment by the French chemist, Guyton de 
Morveau, in the late 18th century, and early in the 
following century it was made commercially available. 
At about the same time a French naval vessel was 
painted with it and official attempts were made to sub- 
stitute it for white lead. It was not, however, until 
the middle of the last century that it became of im- 
portance, through patents issued, almost simultane- 
ously, to Sorel, the inventor of the galvanizing process, 
and LeClaire, a contracting painter of Paris, known as 
“the father of profit sharing.”’ LeClaire’s interest was 
chiefly in the abolition of the lead poisoning common 
among painters of his day. The process of manufac- 
ture, now known as the “French” or the ‘‘Indirect”’ 
process, comprises vaporization and oxidation of metallic 
zine in an open furnace and collection of the oxide in a 
series of chambers. By similar, but considerably re- 
fined, processes, ‘‘French”’ process oxide is today manu- 
factured by several American producers; the earliest of 
these being the plant of the New Jersey Zinc Co., at 
Freemansburg, Pa. 

The other important method which supplies the 
great bulk of American consumption is known as the 
“American” or ‘Direct’ process. 

It resulted accidentally from long-continued efforts 
by successive owners to utilize the franklinite found 
mingled with willemite, zincite, etc., at Franklin and 
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Ogdensburg, N.J. This extraordinary deposit is unique 
in its variety of minerals found nowhere else in the 
world. 

Franklinite consists of the oxides of zinc, manganese, 
and iron. It is isomorphous with hematite, and fail-. 
ure marked successive attempts to utilize it as an ore 
of iron, since the zinc oxide inevitably clogged and 
chilled the furnaces. One of the more ingenious of 
these entrepreneurs, however, by connecting his fur- 
nace with a long tunnel in which the oxide was collected, 
succeeded in producing what we now know as ‘“‘spiegel- 
eisen.’’ The introduction of the Bessemer process in 
steel manufacture later made this a valuable by-prod- 
uct. 

The history of the long series of attempts to utilize 
these ores, the inventions, both accidental and deliber- 
ate, which gradually solved the problems connected 
therewith, and the fifty years of litigation which finally 
resulted in the consolidation of all American zinc oxide 
producers of that day in the New Jersey Zinc Co., is 
too long and too complicated for even the most cursory 
survey in the time available here. Suffice it to say that 
the successive invention of a furnace with perforated 
grate-bars, the collection of the oxide in bags, and the 
magnetic separation of the franklinite from the accom- 
panying ores resulted in the complete success of the 
American process. This applies equally to those 


plants using oxidized ores. 
An interesting white pigment which, for a time, 
played a rather important part in the industry was 


zinc-lead white, developed by J. C. Jackling, for the 
U.S. Smelting and Refining Co., at Canyon City, Colo. 
The original purpose of this plant was the recovery of 
the gold and silver values from the complex lead-zinc- 
copper ores of the region. An open blast furnace con- 
nected with cooling flues was devised. The lead fumes 
passed off as lead sulfate and the zinc as zinc oxide, the 
copper and the accompanying gold and silver being 
collected in a copper matte. The charges were so 
controlled that the fume consisted regularly of approxi- 
mately fifty per cent. each of lead sulfate and zinc oxide 
and was collected, as in the American zinc oxide proc- 
ess. Being essentially a by-product, it was readily 
sold in competition with zinc oxide, and in practical use 
gave a good account of itself. 

The introduction of oil flotation into the mining in- 
dustry and the consequent increase in the value of these 
complex ores put a sudden end to this competition; 
but it was “‘going strong’’ when it ended. 

Another still important series of white pigments in 
this class are the “leaded zincs,’’ containing fixed per- 
centages of lead sulfate, ranging from five to thirty- 
five per cent. They are regarded by some authorities 
as valuable in introducing lead into the paint film, 
thereby delaying embrittlement. 

Still another white pigment which, in a comparatively 
short time, has passed all the rest in annual consump- 
tion, is lithopone, a development of a patent issued to 
one J. B. Orr, in England, in 1874. It met with only 
a moderate success until some years later chemists in 
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Germany began investigating and improving it, and 
before 1900 there were six plants producing it in that 
country. 

Cawley, Clark & Co. at about that time started pro- 
duction in Newark, Cawley being familiar with the 
manufacture of ‘‘Orr’s Enamel’ in England. Other 
plants quickly followed and at the opening of the 
present century consumption had grown to respectable 
proportions. 

Owing to its photochemical properties, however— 
its disagreeable habit of darkening in sunlight and 
bleaching in the dark—its use was restricted to interior 
painting, exclusive of window sills and parts adjacent 
thereto. Much research was expended to discover 
the cause and correction of this embarrassing defect, 
both in this country and in Germany, the great Ost- 
wald himself contributing a long series of patents to 
the literature of the subject. Unfortunately for all of 
these the cure was worse than the disease. In 1920, 
however, the New Jersey Zinc Co., in its research labo- 
ratory, succeeded in tracing the cause and correcting 
the disorder. The patent is on record for those who 
wish to know how it was done. Today, so far as I 
know, all lithopone is “‘light-resistant’”’ and as a conse- 
quence the annual consumption, for both interior and 
exterior use, exceeds that of any other white pigment. 

Lithopone, as is well known, consists of approxi- 
mately 70% barium sulfate and 30% zinc sulfide. 
Closely allied to normal lithopone are high zinc sulfide 
lithopone and pure zinc sulfide, both of which are con- 
sumed in considerable volumes. 

The white pigments next in importance are the ti- 
tanium whites, the consumption of which is rapidly 
increasing. It is unnecessary here to recapitulate the 
well-known chemical procedure involved in its separa- 
tion from the iron with which it is associated in its raw 
material, ilmenite. The most important present 
sources of the raw material are Norway and Travan- 
core Beach, India, though there are large alluvial de- 
posits in French West Africa which are now being de- 
veloped. 

Titanium dioxide first appeared in the American 
market in a form analogous to that of lithopone, about 
three-fourths of the pigment, being barium sulfate. 
Even at this dilution the tinting strength is high and 
the product is widely used because of its density of 
color and chemical inertness. Traces of iron in the 
earlier product, impairing its whiteness, restricted its 
use; but when this defect was overcome its use rapidly 
expanded. 

The production of pure titanium dioxide began a 
few years later, and with the advent of .pyroxylin lac- 
quers, followed by that of the synthetic resin varnishes, 
its use rapidly expanded. This pigment is distin- 
guished by high color density and bulking value, low 
specific gravity, great purity of color, and extreme 
brightness. It is almost an ideal pigment for many 
important uses and the demand has frequently outrun 
the productive capacity of the manufacturers. 

One other white pigment—antimony oxide—requires 
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mention. Similar in many respects to titanium diox- 
ide, it has for some years been used tentatively in the 
manufacture of wall coatings and more specifically 
in lithographic metal coatings. Its production on an 
adequate scale is now assured and its use may be 
greatly extended. 


PIGMENT COLORS 


In the time allotted it will be impossible even to 
enumerate the great profusion of these now available 
to the industry. We can, therefore, only glance cur- 
sorily at the subject. 

The American Indian commonly used several of our 
native earth colors—iron oxide and ochre, for example 
—made lampblack, and utilized several native dyes; 
but the white settlers throughout the Colonial period 
imported from the mother country all the pigments 
they required, though they did avail themselves of a 
number of the native dyes for home-spun fabrics. 

It is a curious fact, for example, that with a profu- 
sion of earth colors at their doors, our people, up to a 
period within the memory of the ‘‘oldest inhabitant,” 
continued to import ‘‘Oxford ochre’’ and other common 
earth colors in large quantities. 

Shortly after the Civil War, however, people living 
in the mining regions of southeastern Pennsylvania 
awoke to the fact that there was a good deal of salable 
“yellow mud” going to waste in their immediate vi- 
cinity. ‘‘Ochre dams’’ suddenly became popular, and, 
as a sequel, the barns over a wide area were “primed 
with ochre,’’ to the benefit of the painting craft, who 
later got the job of “burning off’’ and repainting. 

At about the same time, it was realized that not only 
much of the hematite of the region was available for 
good red paint, but that many of the clays and shales 
of the region, as well as certain low-grade ores, were 
admirably adapted to the production of excellent red 
or brown paint, and by 1879 ‘‘mineral paint” plants 
were scattered all over the landscape. At the present 
time their number is greatly reduced as well as the 
variety of products. The highest grades are made from 
imported ores—principally from Spain and the Persian 
Gulf. 

From the beginning up to fifty years ago, practically 
all other colored pigments were imported; but during 
the last quarter of the 19th century and since, the 
American industry has developed so rapidly and so 
efficiently that we have become an exporting rather 
than an importing nation. This is conspicuously true 
of the carbon blacks, due to the abundance of the raw 
materials, research, and the improvement of production 
processes. 


OILS 


Linseed oil, because of the interest in the mother 
country in flax culture during colonial times, has al- 
ways been an important by-product of American agri- 
culture. Up to the time of the Civil War small oil 
mills were almost as common as flour mills in the east- 
ern states—Pennsylvania, New York, and Ohio espe- 
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cially; but with the settlement of the West both cul- 
ture and manufacture followed; and, through the law 
of the survival of the fittest, has finally receded to the 
Northwestern states; but even the large production 
of that region is never sufficient to meet the require- 
ments of industry. The deficiency is met by impor- 
tations from Argentina. 

During the earlier years of the present century seri- 
ous shortages in the North Dakota crop, ascribed to 
fungoid infection, prompted the Paint Manufacturers’ 
Association to contribute financial support toward a 
systematic study of these diseases and their control. 
In this work Professors Bolley, of North Dakota, and 
Wilson, of Montana, were conspicuously serviceable, 
especially in the development of resistant types of flax. 

Linseed oil was, from time immemorial, extracted 
from the ground seed by simple pressure. When the 
business became organized and centralized many im- 
provements were introduced, the most important of 
which was preheating the meal with live steam, to rup- 
ture the oil cells. This new practice, like all innova- 
tions, éncountered opposition from conservative con- 
sumers—painters especially—and for a long time 
all paint troubles were attributed to the change in 
practice. Also, for a time producers who adver- 
tised ‘‘cold pressed linseed oil” had a certain advantage 
which they knew how to utilize. 

With the coming of the research chemist in the in- 
dustry all this has been forgotten and linseed oil is 
more and more coming to be regarded, like petroleum, 
rather as a crude material than as a completed product. 
Dr. J. S. Long has recently predicted this as an inevit- 
able development, and the present availability of so- 
called ‘‘special oils’ with widely differing qualities veri- 
fies his prediction. Dr. Long has also stated that with 
the double bonds available in these complex glycerides, 
“one can make almost any kind of product required,” 
and Dr. Schwarcman agrees with him. 

During the recurrent shortages in the flax crop, other 
oils attracted attention and some of them found wide 
use as adulterants, with generally unfortunate conse- 
quences. The Scientific Section of the Paint Manu- 
facturers’ Association took cognizance of this situation 
and made a systematic investigation covering a wide 
range of possible substitutes and adjuvants. Among 
these was soya-bean oil, which was being imported in 
moderate volume from Manchuria. It showed some 
adaptability and it was decided to introduce its culture 
in the United States. Many varieties of the bean were 
imported and, with the aid of the agricultural experi- 
ment stations, the most promising were selected. 
Quantities of these were imported and, again with the 
aid of the experiment stations, were distributed to in- 
telligent farmers in those areas found adapted to the 
purpose. Today soya beans are an important crop 
in certain sections of the country—so much so that 
very recently the Illinois state legislature attempted 
to enact a law requiring that all paints sold in the state 
should contain a high percentage of that oil. It has 
found definite uses in the industry, but the great bulk of 
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the production is utilized by the food and soap indus- 
tries. 

China wood oil, or tung oil, which had been used 
for ages in China, was first called to the attention of 
American varnish manufacturers in 1896, through ten- 
tative samples sent to this country. The earlier at- 
tempts to utilize it were abortive, because of its sudden 
polymerization at moderately high temperatures. The 
proper procedure was, however, worked out very soon 
and tung oil has become one of the most important raw 
materials of the paint, varnish, and lacquer industry, 
being second only to linseed oil in volume of consump- 
tion. 

It would be presumptuous for me to attempt to trace 
for you the course of this development. You know that 
it has become a prime essential of your industry and 
that, deprived of it, much of your progress in the last 
three decades would be lost. 

That, despite the uncertainty of China, you do not 
face this calamity, however, I think I may assure you. 
America is today producing tung oil in commercial 
quantities and in due time will produce enough at least 
to counterbalance any irregularity on the part of China. 

Dr. David Fairchild, plant explorer of the U. S. 
Dept. of Agriculture, having already demonstrated 
the possibility of growing the tung tree in this country, 
was invited to address the Paint and Varnish Manu- 
facturers’ Associations in 1912, and the Educational 
Bureau issued a bulletin on the subject. Dr. Henry 
A. Gardner was authorized to make experimental 
plantings in various sections of the country. After 
several years a committee was appointed to make a 
survey and report. The report was presented to the 
two Associations in 1923, and immediately following 
this report the American Tung Oil Corporation was 
formed and capitalized by subscription from the con- 
vention floor. Twelve hundred acres of suitable land 
were purchased for demonstration purposes, cleared, 
and planted at Gainesville, Florida, and one of the in- 
corporators, an important member of the industry, to 
insure his own future supply, purchased and planted an 
additional twelve hundred acres, and has since erected 
at Gainesville the first tung-oil mill on the American 
continent. Cultivation has since spread through the 
Gulf states and though most of this acreage is not yet 
producing, American-grown tung oil is already an ar- 
ticle of commerce, and from now on the future is bright. 

Perilla oil, because of its high iodine number and its 
superiority in the final stages of varnish making, de- 
serves mention. When available, it is valued by many 
knowing technologists. Attempts were also made by 
the Educational Bureau to introduce the seed into 
American agriculture. That was easy, but no success- 
ful method of harvesting the small and easily shattered 
seeds was found available. That is one instance where 
the Oriental coolie beat Yankee ingenuity. 

Fish oils also—the ‘‘black sheep”’ of the older indus- 
try—have been introduced into the best paint society 
by the intelligent work of the chemists. Menhaden 
oil was the only one among many possibilities that was 
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originally used, and in its crude form it had not much 
to recommend it. Systematic research, however, de- 
veloped other sources and better processing procedures 
so that the modern ‘‘fish oils’ find many important 
large-scale uses. 


LACQUER AND ‘“‘SYNTHETICS” 


We are still in the midst of the revolution started 
only a few years ago by the introduction of ‘‘low-vis- 
cosity cotton” followed almost overnight by the pro- 
duction of lacquer. It was a real revolution. One 
prominent manufacturer who had for many years en- 
joyed a large and comfortable business with furniture 
manufacturers has told me that on a certain spring 
day, in one city, he lost over a million dollars in con- 
tracts where lacquer had been substituted for varnish. 
He is himself today an important lacquer manufacturer. 
In fact, almost every paint or varnish manufacturer 
is also a potential “lacquer manufacturer,’ since he 
can buy the so-called ‘lacquer base’’ with which all he 
has to do is “‘mix and serve.” 

Patent litigation was inevitable, because of the vast 
financial interests involved, and, despite two conflict- 
ing decisions in the lower courts, the end is not yet. 
“We don’t know where we’re going, but we’re on our 
way.’’* 

And the solvents. They flutter down on the indus- 
try from day to day as fast as the leaves in Vallambrosa. 
Modern synthetic chemistry has worked miracles in 
the last few years; not, it is true, turning water into 
wine, but turning common things like petroleum, coal, 
and natural gas into alcohols hitherto known only as 
laboratory curiosities or chemical possibilities; making 
varnish resins out of such improbable things as phenol 
and formaldehyde or glycerin and phthallic acid. 

Gardner, in his recent circular, lists and catalogs the 
properties of 130 solvents and diluents, 157 resins, and 
29 plasticizers; and the list was out of date almost be- 
fore it was off the press. 

Looking forward in this industry of ours we envision a 
new heaven and a new earth. The premature com- 
petitive production of brushing lacquers and synthetic 
varnish paints did not close a chapter; their tempo- 
rary failure merely necessitated the rewriting of the 
preface. The technologist is even now at work on both 
problems, and who ever knew a real technologist to fail? 


VARNISH 


The first American oil varnish, so far as can be as- 
certained, was made by Franklin Houghton and David 
McClure, during the year 1820, in the “Village 
Smithy,”’ at Cambridge, Mass., immortalized by Long- 
fellow’s poem. They and their compatriots, for more 
than a century thereafter, “‘cooked’”’ varnish in small 
portable copper kettles using lmseed oil, the traditional 
“driers” (many of which have since been discarded 
as useless), African copal gums, and turpentine. They 
all obtained their knowledge, by hook or crook, from 


*Since this paragraph was written these suits have been settled 
by mutual agreement.—G. B. H. 





492 


English practice—and, be it said, the small one-man 
kettle still prevails among English and continental 
makers. 

It was not a science but a carefully guarded ‘‘black 
art,” and the chemist played no part therein. Formu- 
las were guarded as it were with shot-guns in the tra- 
ditional manner of a college fraternity “guarding an 
empty tin can.” ‘‘Recipes’—there were no “formu- 
las” in those days—were stolen, bought, and sold as 
articles of clandestine commerce, and ingredients were 
designated by numbers, to which only the professional 
varnish-maker held the key; and the slightest show of 
curiosity as to ingredients insured peremptory discharge. 

During the 19th century competition increased and 
some of the more enterprising learned the use of rosin 
(‘‘to start the melt’) and benzine (“to meet ruinous 
prices’). The introduction of kauri gum, from New 
Zealand, came very opportunely at about the time when 
the better grades of African gums were becoming 
“‘skeerce and high’’—though one old varnish-maker of 
the day assured me that ‘‘we do not have an ounce of 
kauri or other soft gums in our plant.” 

Then the synthetic resins arrived, precipitating an- 
other revolution in this industry; but the varnish chem- 
ist had, in the meanwhile, been learning something 
more than routine analysis and rule-of-thumb match- 
ing of samples, and the technical men of the resin manu- 
facturers ‘‘knew their stuff’’ and could teach as well as 
sell; so the revolution proceeded without the customary 
wreckage. 

One interesting consequence of the introduction of 
China wood oil was the fact that it elevated rosin to 
the rank of a legitimate varnish gum; while an after- 
math of the synthetic gum conquest was the definite 
elimination of the traditional ‘‘varnish cooker’’—he 
must either give place to the “scientific guy’ or re- 
learn his business. The successful varnish-maker of 
today must forget his goose feathers, spitting in the 
kettle, and pill-rolling—in short he must know his 
technology and his technic from the ground up and 
“every day he must live and learn something.” To- 
day, more than ever before, the varnish-maker must 
know how to ‘‘make the punishment fit the crime’’ and 
with innumerable synthetics, solvents, and special oils 
at his disposal, he can do it, if he knows how, far better 
than it was ever done before. 

Probably after the research men have run the entire 
gamut of possible condensations and side-chains, natu- 
ral selection will get in its work and life will be simpler. 

Now how and where did all this technical complica- 
tion start? The older paint and varnish chemists did 
not start it. They were part of an old industry with 
established rules of procedure. It was, as always, the 
younger men, breathing the new air of scientific free- 
dom, knowing in their hearts that nothing is settled 
while life endures. 


ENTER RESEARCH 


Early in the second decade of the present century 
the Arco Co., of Cleveland, assembled a company of 
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bright young chemists and shortly thereafter placed 
R. E. Coleman in charge. Coleman promptly turned 
the entire outfit to research work, and his chart of 
“The Physical Properties of Paint Materials” was one 
of the earliest results of a study of the innumerable basic 
facts underlying the entire subject. 

Several years earlier Dr. E. F. Ladd, of North Da- 
kota, had won his suit over the state paint law, and not 
long thereafter, the first paint test fence was erected on 
the Agricultural College Grounds at Fargo, with funds 
provided by the Educational Bureau of the Paint 
Manufacturers’ Association of the U. S., and in due 
course that same organization provided the funds for 
installing a plant and a paint laboratory in the institu- 
tion. This, I believe, was the first school of paint 
technology in America, and for many years thereafter 
it continued to furnish well-trained technical men to 
the industry. Many of them today hold high rank 
therein and the majority of these are serviceable mem- 
bers of this Section. Among the larger concerns there 
was, necessarily, continuous experimentation and re- 
search, but they kept what they learned under their 
own hats. 

Probably the most far-reaching influence on the 
technology of the industry has been the Scientific Sec- 
tion of the Educational Bureau, started in 1907, just 
after the loss of the North Dakota suit. It was, so 
far as I have been able to learn, the first organized at- 
tempt by anyone, anywhere, to render unbiased tech- 
nical service to an entire industry. You are all famil- 
iar with this invaluable service under the direction of 
Dr. Gardner, but I wonder how many of us appreciate 
the stimulus it has given, by mere example, to private 
enterprise along similar lines and to the stimulation of 
interest and emulation among the teaching institutions 
of the country. Some of them today actually special- 
ize in paint and varnish chemistry and technology; 
while there are few that do not, from time to time, con- 
tribute individual researches on special subjects con- 
nected therewith. As conspicuous examples, I cite the 
research on the photogenic sensibility of lithopone, 
contributed a decade or two ago from Cornell, and the 
many important contributions from Dr. Pfund, at 
Johns Hopkins. 

Another incident which has developed great impor- 
tance for our industry was the organization of the first 
Paint and Varnish Production Club, in Cleveland, in 
1914. John R. MacGregor was the moving spirit, and 
not long thereafter he prompted the organization of 
similar clubs in Louisville and St. Louis. The idea 
was taken up later by the Association, and clubs were 
eventually organized in six other cities, and all of them 
were linked together in the present Federation, in June, 
1923. The Federation now embraces eighteen clubs, 
representing all the important paint manufacturing 
centers of this country and Canada. You are all famil- 
iar with the practical value to the industry of the se- 
rious codperative work of these clubs. 

This, again, I believe to be unique in industrial his- 
tory, and it demonstrates once more the codperative 
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spirit fostered by our trade associations, of which the 
consuming public is the beneficiary. 

In fact, back of this entire history lies a codperative 
spirit, fostered in the two original manufacturers’ asso- 
ciations and their successor, the American Paint and 
Varnish Manufacturers’ Association. 

The late Dr. C. B. Dudley was one of the earliest 
authorities to direct attention to the physical properties 
of paint, and was also the prime instigator of the Ameri- 
can Society for Testing Materials. Through its Com- 
mittee D-1, on Protective Coatings, that organization 
has been of inestimable service to the industry. It 
was the pioneer in field testing and inspection, begin- 
ning with the extensive tests on the new Havre de Grace 
Bridge of the Pennsylvania Railroad. These tests were 
regularly inspected and annually reported on from 
1906 to 1913. Italso participated in several wood test 
fences. 

In 1908 it collaborated with the Educational Bureau 
in a series of more systematic steel-plate tests at Atlan- 
tic City, which afforded much valuable information. 

Gradually this committee has formulated a long 
series of authoritative specifications for testing mis- 
cellaneous raw materials of the industry, and these are 
widely accepted. 

The North Dakota law rudely awakened the indus- 
try to the fact that competition, backed by ignorance 
and unscrupulous greed, had led them into the bog and 
left them floundering, and the leaders among them 
bravely decided to fight their way back to solid ground. 
That was indeed the ‘“‘dawn of a better day’’ for the 
technical men of the industry. 

How many of you know that the first prepared paint 
that appeared in the American market was a ‘‘patent 
paint,’’ based on the emulsifying power of sodium sili- 
cate and “lime water’? It was patented by D. A. 
Averill, on July 16, 1867, and the formula is worth 
recording, as follows: 


I first take two hundred pounds of the oxide of zinc in a dry 
state and grind it in twenty gallons of linseed oil, to which I 
add a compound prepared as follows: Mix five pounds of the 
acetate of lead with ten pounds of the sulfate of zinc in a suf- 
ficient amount of water to give a specific gravity of 3° Baumé, 
when the salts are dissolved. I then take a sufficient quantity 
of the soluble silicate of soda, dissolved in water, to make three 
gallons having a specific gravity of 8° Baumé. I also prepare six 
gallons of a saturated solution of lime-water. I now take three 
gallons of the mixture of the acetate of lead and zinc solution 
with three gallons of the solution of the silicate of soda, and add 
six gallons of lime-water and six gallons of linseed oil. These are 
all combined, and then compounded with the aforementioned 
two hundred pounds of ground zinc and oil, after which are 
added six gallons of benzine, and the whole compound is then 
thoroughly ground together, producing a white, glossy, cheap, 
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and durable paint, which may receive any color or tint desired by 
adding color matter to it. The coloring pigment may be used in 
place of the aforementioned zinc when positive colors are desired. 
The light colors or tints may also be obtained by mixing the 
pigments in proper proportions with the compound when first 
prepared. 


It was made and sold by three allied manufacturers, 
and was the progenitor of oceans of similar ‘‘dope,”’ the 
tides of which were checked only by the paint laws of 
the first decade of this century, seconded by the Asso- 
ciations and the advent of organized technology. 

I should like to devote a whole chapter to the de- 
velopment of testing methods and devices; but there 
is space only to remind you that within less than two 
decades analytical procedure has been refined and 
standardized, instruments of precision for evaluating 
practically every physical property of raw materials 
and finished products have been developed, permanent 
locations for field testing in all climates have been 
equipped, and research laboratories, both public and 
private, have been installed in many parts of the coun- 
try. In this work the Scientific Section of the Na- 
tional Paint, Varnish and Lacquer Association, the 
U. S. Bureau of Standards, the Federation of Paint 
and Varnish Production Clubs, a dozen or more of the 
leading colleges and universities, the Forest Products 
Laboratory, the large pigment manufacturing compa- 
nies, and this Division of the American Chemical So- 
ciety have been conspicuously serviceable. In a large 
measure they have completely abrogated the rule-of- 
thumb and trial-and-error. Science recognizes no 
race, creed, or class, and it is astonishing what a lot of 
scientists working coéperatively for the common good 
can accomplish in a short space of time. 

In assigning to me the task of picturing for you “A 
Century of Progress in the Paint Industry’’—in forty 
minutes—your Committee has greatly overestimated 
my ability—the “forty days and forty nights’ of the 
Deluge would hardly have sufficed; but I have sternly 
repressed my eagerness to give you the whole picture. 
The future belongs to you and your class. It is a so- 
cially important industry you serve and direct. Even 
though we have come a long way from the ‘‘Boston 
Stone” and the mysterious traditional ‘‘recipe,’’ the 
whole unbounded universe of seientific possibilities 
lies before you. A wide door was unlocked the other 
day when the indivisible atom was resolved into a solar 
system of particles of energy, which you can displace 
and rearrange at your will, if you know how. 


‘“Men, my brothers, men the workers, ever seeking 
something new; 
That which they have done but earnest of the things 
that they shall do.” 





The kernel of the scientific outlook is a thing so simple, so obvious, so seemingly trivial, that the mention of it 


may almost excite derision. 


The kernel of the scientific outlook is the refusal to regard our own desires, tastes, and 


interests as affording a key to the understanding of the world. Stated thus baldly, this may seem no more than a trite 
truism. But to remember it consistently in matters arousing our passionate partisanship is by no means easy, es- 
pecially where the available evidence is uncertain and inconclusive.—BERTRAND RUSSELL 





“OPEN-HOUSE” PROGRAMS 


R. D. BILLINGER 


Lehigh University, Bethlehem, Pennsylvania 


N INSPECTION of equipment has always been 
A considered part of the routine in. military and 
Dramatic and musical clubs 
render public performances. Athletic organizations 
hold their games and pageants. Universities likewise 
are learning the value of public inspections. 

An “Open House” program has been used by many 
universities as a means to show some of their facilities 
and the work of their staff and students. 

Chemistry lends itself particularly well to demonstra- 
tion. There are many experiments which have become 
classics to the student of chemistry, but which are novel 
tothe layman. On the other hand the public has heard 
so much of the mystery of science that it is well to show 
some of the simple ways in which chemistry touches 
everyday affairs. 

A successful ‘““Open House”’ requires much planning, 
exhortation and training of student demonstrators, 
and close codperation from all concerned. In the 
present day when teaching staffs are apt to be short- 
handed, the detail work may make serious inroads on 
time. Both faculty and students often undertake 
projects which are too ambitious. 

The chief advantages of an ‘““Open House’’ may be 
summarized as: 


naval circles. 


1. The creation of sympathetic interests of fellow 
townsmen and neighbors. 

2. Entertainment and education of large numbers of 
visitors. There is a very real opportunity to sow 
seeds of scientific appreciation which will later bear 
fruit. 

An opportunity to display laboratory facilities 
and equipment. 

Experience to 
student demon- 
strators. This 
is perhaps the 
greatest gain. 
Practice of this 
kind develops 
initiative, and 
awakens stu- 
dents to larger 
fields and op- 
portunities. 
The JOURNAL 

OF CHEMICAL Ep- 

UCATION has been 

a fortunate source 

of inspiration for 

novel ideas in 
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chemical demonstrations. Some helpful references are 
included at the end of this article. 

Such remarkable displays as those shown in the Hall 
of Science at A Century of Progress (1) in Chicago and 
the Franklin Institute in Philadelphia have shown edu- 
cators the possibilities of mass education by visual aids. 

In a very humble spirit the author has endeavored to 
relate some of the details of an ““Open House”’ at Lehigh 
University on April 20, 1934. If crowds of curious 
spectators are any criterion, we think the more than 
ten thousand visitors who favored us justify a feeling 
of moderate success. 

Laboratory desks usually offer ample room for dis- 
plays and experiments. Some thought must be given 
to routing people, the use of guides, etc., but these are 
problems which are quite local. An idea of how our 
general chemistry laboratory appeared can be seen in 
Figures 1 and 2. 

A general discussion of the several laboratories, 
with pictures of some of the exhibits, follows. 


EXPERIMENTS IN GENERAL CHEMISTRY 


Many of these experiments can be made quite spec- 


tacular in nature. Among the more successful that 
we have tried are the following: 

1. Experiments with Liquid Air (2): 
ing mercury, water, vegetables, and eggs. A liquid air 
gun can be made from a long glass tube. A small 
amount of the liquid is poured into the tube and it is 
then stoppered with a cork. By holding the hand 
around the bottom of the tube, the liquid is vaporized 
and drives out the cork with considerable force. 

2. Hydrogen: 
Explosive bubbles 
(3); balloons to 
illustrate light- 
ness; diffusion ex- 
periments; and 
hydrogenation of 
oils. We also 
used hydrogen to 
reduce hot copper 
oxide, showing the 
formation of 
bright metallic 
copper and water. 
All of these ex- 
periments must 
be carefully con- 
trolled to insure 
against explosions. 


Such as freez- 
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3. Carbon Di- 
oxide: Experi- 
ment showing its 
preparation from 
marble and HCl 
in a Kipp genera- 
tor; a large bal- 
ance to demon- 
strate its weight; 
effect on lime- 
water; properties 
of dry ice. Its 
ability to extin- 
guish flames can 
be shown by 
pouring CO; from 
a large (5-liter) 
bottle over the 
familiar candle 
staircase. This can be varied by using small gas flames 
inserted inatrough. A similar experiment was shown in 
the Chemistry exhibits of the Hall of Science at Chicago. 

4. Atomic Models: Numerous colored atomic mod- 
els were constructed by members of the staff and stu- 
dents. There were also models of molecules of soap, 
glycerin, alcohol, sugar, salt, etc. These, being well 


constructed and brightly painted, were curiously in- 
spected if not fully appreciated by visitors. 
5. Burning Questions—Pyrotechnics: This 


table 
had to be carefully watched in order to safeguard stu- 
dent demonstrators and their audience. Glass shields 
between the reaction and the visitors should be used. 

We employed most of the familiar experiments on 
combustion. Fires were ignited with water and sodium 
peroxide; phosphine was prepared and the rings of 
phosphorous pentoxide formed; _ solid alcohol was 
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FIGURE 3 


made from ethyl alcohol and calcium acetate, then 
ignited by placing it on crystals of CrO;; the action 
of sodium on water was shown; spontaneous combus- 
tion was produced by the action of solid potassium per- 
manganate and glycerin. Another reaction of interest 
was that of water on powdered zinc and ammonium 
nitrate. The finely ground nitrate is spread on filter 
paper, and over it a thin layer of zinc dust. A small 
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spray of water 
from a wash bot- 
tle is usually suffi- 
cient to start the 
action which re- 
sults in flame and 
copious clouds of 
smoke (zinc ox- 
ide). 

6. Reactions of 
Silver Compounds: 
Silver mirrors 
were made by 
the action of for- 
maldehyde on sil- 
ver nitrate solu- 
tion. The chem- 
istry of photog- 
raphy was ex- 
plained. As a stunt, photographic silhouettes were 
made. This was done by direct action on photographic 
paper and a negative silhouette was obtained in a few 
minutes. The subject was placed before a white muslin 
screen, behind which was a battery of six (100-watt) 
incandescent lamps. The camera was focused on the 
person, and then a sheet of bromide paper was placed 
in the plate holder. An exposure of 5 seconds was suf- 
ficient when a fast grade of paper was used. The print 
was then developed, fixed, washed, and dried in the 
regular manner. 

7. Experiments with Nitrogen Compounds: Fixation 
of nitrogen by the arc process (4); preparation of nitric 
acid by distillation from sodium nitrate and sulfuric 
acid; an ammonia fountain; exhibits of important in- 
dustrial products containing nitrogen. 

8. Carbon: Absorptive properties of carbon; de- 
colorizing brown sugar and pink soda water; uses in 
gas masks; displays of allotropic forms of carbon and 
glass reproductions of famous diamonds. 

9. Light: The chemistry of illumination in all 
ages can be shown by a display of old oil burners, 
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lamps, candles, gas mantles, and incandescent bulbs. 
Our museum contains many valuable antiques which 
are adaptable to such a display. Charts explaining 
details of illumination were prepared. 


PHYSICAL CHEMISTRY 


In physical chemistry there were several features 
which seemed of especial interest; among others a 
mercury exhibit which showed the purification and uses 
of this element. Mercury was distilled as shown in 
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Figure 3, by heating in a distillation 
flask over an electric coil. The vapor 
was cooled in an air condenser and — 
purified liquid was collected. 
Another means of purification, namely 
by dropping a thin stream of liquid 
mercury through a tall cylinder of 
dilute nitric acid, was shown. Ther- 
mometers, barometers, and a mer- 
cury vacuum pump were exhibited 
to show uses of mercury. 

Applications of photo-electric cells 
to chemical measurements were 
demonstrated (Figure 4). A potas- 
sium permanganate-oxalic acid titra- 
tion was conducted in a beaker. A 
beam of light was passed through the 
beaker to a box containing a photo- 
electric cell connected to an electric buzzer. When an 
excess of permanganate solution was added the inter- 
rupted beam of light was detected by the “electric 
eye,” which in turn caused the buzzer to sound. A 
similar arrangement was used to signal a sound when 
a battery jar was filled with fumes of ammonium chlor- 
ide. 

Descriptions of uses of photo-electric cells are current 
in the literature (5, 6). 

Brownian motion was demonstrated by observing a 
gold colloid in the ultramicroscope. A number of the 
more spectacular colloidal experiments were grouped 
in a special research laboratory. Among these were all 
types of emulsions, gels, foams, Liesegang rings, and the 
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always popular silicate garden. The latter grows 
quickly when small crystals of metal salts are sprinkled 
into a jar of dilute sodium silicate. It can be effectively 
displayed by indirect illumination either from below 
or from the side. 

To simulate the kinetic theory of gases (7) a pith 
ball bombardment tube was constructed. In a strong 
glass tube approximately 50 cm. long and 2.5 cm. in 
diameter were placed 10 cc. of mercury and a dozen 
or more small pieces of cork. The tube was then sealed 

and clamped upright. By gently 
heating at the bottom the bits of 
cork soon danced and bombarded 
each other in the tube. 

In the field of electrochemistry 
the electrolysis of water was shown. 
From a slightly acidulated water solu- 
tion the hydrogen and oxygen were 
collected, reunited, and exploded. 
This was done periodically by an 
automatic circuit breaker. 

No chemistry ‘“‘Open House” would 
be complete without a glass-blowing 
exhibit. Many laymen have never 

. seen the simplest glass-working 
demonstrations and an_ interested 
group of spectators will always be 
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FIGURE 6 


found around a bench where an adept student is per- 
forming ordinary operations on glass vessels. In addi- 
tion we also exhibited several tables of interesting 
chemical glassware. Figure 5 shows a few of the speci- 
mens which any laboratory can display. 


QUANTITATIVE ANALYSIS 


Our quantitative analytical laboratory showed how 
the analyses of iron and copper ores and steel products 
are conducted. A combustion train for the analysis of 
carbon in a steel sample is shown in Figure 6. 

Visitors were also shown how a chemist tests such 
everyday materials as milk, ice cream, water, baking 
powder, and urine. 
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The assay laboratory, 
which is a branch of our 
analytical department, 
showed how gold and silver 
ores are analyzed by fire 
methods. There is always 
interest in the extraction of 
precious metals, and this 
proved to be a most popu- 
lar exhibit. 

In another section of the 
building our chemical engi- 
neering department demon- 
strated gas analysis with a 
Burrell outfit. This was part of a larger gas absorption 
tower system (Figure 7). There were also tests on coal, 
oils, and gases. 

An exhibit of balances and scales should interest most 
visitors; particularly if a variety of different types is 
available. We were fortunate in borrowing an old 
brass scale which was used in the first drug store in 
the United States, the site of the present Rau Pharmacy 
at 420 Main Street, Bethlehem, Pennsylvania. There 
was also displayed a balance used by Professor C. M. 
Wetherill (8) during the Civil War. Contrasted with 
these were the modern balances of the chainomatic type. 
As a popular stunt we weighed names of visitors. 
Names were written with a wax pencil on small slips 
of paper, and these were readily weighed on a torsion 
balance (9). One bench of balances displayed{is shown 
in Figure 8. Naturally equipment of this kind must be 
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carefully attended to prevent the over-curious from 
damaging expensive instruments. 


ORGANIC EXHIBITS 


Organic chemistry is so varied that here there are 
countless opportunities to demonstrate the contribu- 
tions of chemistry to daily life. In our exhibits stu- 
dents were preparing such well-known compounds as 
aspirin, mercurochrome, cincophen, and atophan. In 
the field of dyes, indanthrene was made by the fusion 
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process; picric acid by 
nitration; and Congo red 
by diazotization. 

Special exhibits showed 
the transition steps in the 
manufacture of rayon from 
wood pulp—“‘lingerie from 
logs’; the extraction of 
pectin from lemons; caro- 
tene from carrots; and 
paint films from apple skins. 
There were pure food colors, 
biological stains, medicines, 
pigments, lacquers, and 
compounds used in chemical warfare. 

Borrowing a page from the Fourteenth Annual Ex- 
position of Chemical Industries (10), we had a display 
of ‘Children of the Depression’’—products made dur- 
ing the last four years. Many of these were contributed 
or loaned to us by chemical industries. The ready re- 
sponse which we received from almost all the companies 
approached was most helpful. There were new anes- 
thetics, solvents, vitamin extracts, plastics, etc. 


CHEMICAL PRODUCTS MAP 


A project which requires considerable advance work 
is the construction of a chemical products map. This 
might well be undertaken by an entire section of stu- 
dents in general chemistry. The map shown in Figure 
9 measures eight feet square in the original. It was 


patterned after a map printed for the National Whole- 
sale Druggists’ Association, edited by Dr. H. V. Arny, 
College of Pharmacy, Columbia University. 

Our map was painted on white, filled muslin, of the 


type used for window blind material. It was supported 
by a frame of beaver board. Samples of products were 
glued to the map with Ambroid cement, to insure tenac- 
ity. Each product was identified by its name beneath 
it. To save labor in hand printing, these names were 
cut from chemical label books which are published by 
most chemical supply companies. The labels are 
gummed and can be quickly attached. 
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We also used this map to show where Lehigh chemists 
are employed. With large numbers in certain areas 
it is simpler to stamp the number for each State on a 
small disc and attach this by means of a colored map 

in. 
¥ The map was placed in a prominent location, and 
attracted much attention. Inquiries and comments on 
it by high-school teachers have led me to enlarge upon 
the details. 
HISTORY OF CHEMISTRY 


The preparation of small-scale laboratories or di- 
oramas can be utilized to develop a certain interest in 
history of chemistry. In the Hall of Science at A 
Century of Progress Exposition, there were excellent 
models of an alchemical laboratory and of Lavoisier’s 
laboratory. We undertook to copy the latter and also 
to reproduce a model of the famous painting of Davy 
washing dishes in Faraday’s Laboratory. We were 
aware that there is no historical basis for the Davy- 
Faraday tradition (11), but it makes a good subject, 
typical of the early nineteenth cen- 
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chemistry was created by showing pictures of famous 
chemists and classical books of various periods. Books 
must be shown under glass cover to prevent damage by 
handling. An interesting series of pictures of famous 
American chemists is that published by D. H. Killeffer, 
formerly associate editor of Industrial and Engineering 
Chemistry. Each portrait is accompanied by a short 
sketch of the subject’s achievements. 

We have also at various times equipped a room as 
an alchemist’s shop and performed various chemical 
tricks under the guise of alchemy (12). Black magic 
always hasan attraction for the uninitiated. A possible 
set-up for such a program is shown in Figure 11. 


LECTURES, MOVIES, AND CHARTS 


While most of the visitors to an ‘“Open House”’ come 
to see and not to listen, there are a surprising number 
of the more serious-minded who will sit through a short 
lecture or series of demonstrations. In our main audi- 
torium we conducted a continuous series of talks by 
staff members and student demonstrators on vacuum- 
tube phenomena, electrons, chemical activity, and flame 
speeds. These were accompanied by experiments. In 
another lecture room there were moving pictures show- 
ing the chemistry of sulfur, glass, and alcohol. A chart 
display of chemical quackery in one of the smaller 
rooms was eagerly inspected. Here were told interest- 
ing truths about some popular products, as disclosed 
by medical and research bureaus. 

We employed numerous charts, pictures, and flow 
sheets of chemical processes to supplement our displays 
of chemical products. These were arranged in halls 
connecting the various classrooms and laboratories. 


SPECIAL FEATURES 


Each institution has certain specialties which can be 
featured. We tried to popularize some of our researches 
in chemical engineering; investigations of oils, paints, 
patent leather; textile studies of wool and silk; X-ray 
researches on arrangements of atoms and molecules; 





tury. 

A picture of our Davy-Faraday 
laboratory is shown in Figure 10. 
The front of the model measures 28 
by 45 inches, and the depth is 25 
inches. Indirect lighting was ob- 
tained by placing electric bulbs behind 
ground-glass windows. The figures 
were carved from soap and then 
painted. Once started the project 
was watched and aided by many of 
the students and staff. Some blew 
glassware, others constructed and 
painted benches, shelves, and labora- 
tory equipment. Some artistic direc- 
tion is necessary, but almost any 
volunteer worker can assist some- 
where. 

Further interest in historical 
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vapor pressure and calorimetric studies. Enumeration 
of details would become tedious and there is no attempt 
being made to mention everything shown. 

Suffice it to say that almost any research can be 
shown to advantage providing that proper captions 
and signs be used. A well-informed student demonstra- 
tor will certainly interest some of the visitors in his 
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work and the boy himself will be gaining valuable ex- 
perience. 

Our experience with “Open House’ programs has 
been interesting and also at times rather trying. Some 
advantages have been related. Certainly an occasional 
“Open House’ will stimulate everyone to new ideas, 
and at this writing the idea seems to be popular. 
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A SIMPLE PRESENTATION of the 


CONCEPTS of OSMOSIS, OSMOTIC 
PRESSURE, and OSMOTIC WORK’ 


ARTHUR W. DAVIDSON 


The University of Kansas, Lawrence, Kansas 


A simple method of presenting the subject of osmotic 
pressure to general chemistry classes is described, and 
the usefulness of the concepts so introduced as a basis 
for further study of the properties of solutions is discussed. 


+~ ++ oo + 


LTHOUGH the concept of osmotic pressure 
played a predominant part in the classical 
development of solution theories by van’t Hoff 

(1), there has recently been an increasing tendency 
on the part of physical chemists to regard it, except 
for its historical interest, as of minor importance only, 
since it does not lend itself to thermodynamic treat- 
ment as readily as do certain other properties of solu- 
tions (2, 3, 4). Nevertheless, since the college student 
of chemistry is likely to encounter osmotic phenomena 
in several different fields—botany, zodlogy, and physiol- 

* Presented before the Division of Chemical Education at the 


Twelfth Midwest Regional meeting of the A. C. S., Kansas City, 
Mo., May 4, 1934. 


ogy in particular—and since the various viewpoints 
from which the subject is presented in these courses 
all too often bring him to a state of utter bewilderment, 
it seems desirable that the chemistry instructor should 
undertake to rescue him, so far as possible, from this 
condition. At the same time, the consideration of 
osmotic phenomena has the further advantage of laying 
a foundation for the subsequent more intensive study 
of the properties and laws of solutions, which con- 
stitute so important a part of the field of physical 
chemistry. 

In presenting this subject for the first time, there is 
nothing to be gained by tracing the historical de- 
velopment of the concept of osmotic pressure, which 
has entailed, even in recent years, a great deal of 
controversy and confusion (5). Rather, by means of 
a suitable approach, the phenomena related to osmosis, 
far from seeming entirely foreign to the experience of 
the student, may be made to appear as the inevitable 
consequences of facts with which he is already familiar. 
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Thus, let us start with the statement that in a solution 
at a uniform temperature, local differences in concen- 
tration can be only temporary; such a solution, in 
other words, always tends to become uniform through- 
out its entire volume, rapidly if stirred, slowly if left 
at rest. As an illustration of this, nothing more 
abstruse is required than the sweetening of coffee with 
sugar, or better, of a soda-fountain drink with sirup. 
It may then be pointed out that the introduction of 
any sort of permeable membrane between two portions 
of the solution could, though it might retard this 
process, by no means prevent it. If sugar sirup, for 
instance, were placed in a porous cup (say of unglazed 
earthenware) which was immersed in water, no one 
would doubt that diffusion would take place in both 
directions through the walls of the cup, until the solu- 
tion was equally sweet inside the cup and out. Now 
suppose a single change to be made in these conditions; 
namely, let the walls of the cup be provided with a 
semipermeable membrane, such as a film of cupric 
ferrocyanide, which allows the passage through it of 
water but not of sugar. (The possible reasons for 
such semipermeability are of minor importance and 
need scarcely be considered at this stage.) It is then 
obvious that the only way in which the entire solution 
(including the water outside of the cup) could possibly 
become uniform is by the passage of water into the 
cup. Here, then, we have an instance of osmosis, 
or the flow of liquid through a semipermeable mem- 
brane in such a direction as to. tend to bring about 
uniformity of concentration. Further, if no opposition 
were offered to such entrance of water, but the solution 
in the cup were allowed to overflow as its volume 
increased, it is evident that the process might, theo- 
retically at least, be continued indefinitely, or as long 
as the water on the outside continued to be replenished. 

The next step in this series of hypothetical experi- 
ments is to suppose the cup to be tightly sealed, say 
with a rubber stopper whose lower surface touches the 
top of the solution, and to consider whether or not the 
process would still continue indefinitely in this case. 
(Such mishaps as the forcing out of the stopper, the 
bursting of the cup, or the perforation of the membrane 
are of course to be hypothetically barred.) Even the 
least alert student will probably conclude that under 
such exacting circumstances osmosis could not be 
expected to continue for very long, and, if pressed for 
a reason, will probably say, “because of the pressure 
in the cup.” From this obvious answer it is but a 
short step to the conclusion that the process would 
terminate when a certain definite pressure had been 
reached inside the cup; or, in other words, when a 
state of equilibrium had been attained, such that the 
tendency for solvent to be squeezed out of the cup by 
the excess pressure within it just balanced the tendency 
for solvent to enter. Thus we arrive, logically and 
without any abrupt transitions, at the definition of 
the osmotic pressure of a solution as that excess pres- 
sure upon it which is just sufficient to prevent the 
entrance of solvent through a semipermeable mem- 
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brane. And this definition, in turn, makes it obvious 
how the osmotic pressure of a solution may be meas- 
ured. 

During a period of thirty years following the pub- 
lication of the paper of van’t Hoff referred to above 
(1), a great deal of energy was consumed in futile 
discussions as to whether osmotic pressure should be 
regarded as a pressure due to the bombardment of 
the semipermeable membrane by solute molecules, 
thereby bringing about osmosis, or as a hydrostatic 
pressure resulting from osmosis. But both of these 
viewpoints have outlived their usefulness, and may 
well be discarded. There is no advantage in looking 
upon osmotic pressure either as an actual pressure 
existing in a solution, or as a pressure brought into 
existence only by the osmotic process. It may far 
better be regarded as an abstract but measurable 
property of a solution, namely, that pressure which 
must be applied to the solution in order just to prevent 
osmosis from taking place. Similarly, in discussing 
the measurement of osmotic pressure, most textbooks 
direct attention first to the rise in level of the solution, 
or the hydrostatic pressure produced in it, as a result 
of osmosis. This approach is, of course, derived from 
the method of measurement devised by Pfeffer and 
later so successfully elaborated by Morse and his 
co-workers (6), but the emphasis on the actual process 
of osmosis is likely to be confusing to the beginner. 
In principle, at least, the method used by Berkeley 
and Hartley (7), in which a pressure just sufficient 
to prevent osmosis is applied to the solution by means 
of a piston, is simpler and more direct. The principle 
on which this method is based 
is illustrated diagrammatically 
in the accompanying figure, 
which is self-explanatory. (In 
the actual work of Berkeley 
and Hartley the solution was 
placed outside of the vessel 
carrying the semipermeable 
membrane and pure water in- 
side, but this difference is of 
no significance to the present 
discussion.) When the weights 
placed on the piston of the de- 
vice shown in cross-section in 
the figure have been adjusted 
so that the piston remains sta- 
tionary, the corresponding 
pressure (weight divided by area of piston) is, by 
definition, a direct measure of the osmotic pressure 
of the solution. 

The same hypothetical device may now be employed 
to illustrate the concept of osmotic work. If the 
pressure on the piston were Jess—even by an in- 
finitesimal amount—than the equilibrium value or 
osmotic pressure, it is evident that solvent would 
enter the solution and the weighted piston would be 
raised. True, the power developed by such an osmotic 
engine would be far too small, because of the extreme 
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slowness of the process, to be of any practical value, 
but the important point is that the tendency of the 
solution to become uniform may manifest itself in 
the spontaneous performance of actual mechanical 
work. (The same fact might be expressed by saying 
that the more concentrated solution and the pure 
solvent have together a greater free energy than the 
more dilute solution at the same temperature and 
pressure. In the ideal case of a perfect solution, 
the total energy of the system remains unchanged in the 
process of dilution, because heat is absorbed from 
the surroundings in an amount exactly equivalent to the 
osmotic work done, just as in the case of the expansion 
of a perfect gas. The beginner, however, will natu- 
rally not be concerned with this aspect of the matter.) 

In a similar manner, the device described may be 
used to show that solvent might be removed from the 
solution by the doing of work upon it. If the pressure 
on the piston were made to exceed the equilibrium 
value, by however small a margin, solvent would be 
forced out of the cup and the solution would thus be 
concentrated (that is, separated into a more concen- 
trated solution and pure solvent) by the expenditure 
of mechanical work. Indeed, if the strength of the 
membrane were sufficient to withstand the osmotic 
pressure of a saturated solution, there would be, in 
theory at least, no obstacle to the removal of all of 
the solvent in this manner. 

It may next be pointed out that in the classical 
(Pfeffer) method of measuring osmotic pressure, the 
solution is allowed to dilute itself to some extent by 
osmosis, and that the equilibrium pressure of the 
resulting solution may be measured, if quite small, by 
the difference in level of solution and solvent, or, if 
large, by means of a mercury manometer or other form 
of pressure gage. 

We now come to the question of the quantitative 
relationship among the quantities osmotic pressure, 
temperature, and concentration. Although the back- 
ground of the general chemistry student is scarcely 
sufficient to enable him to appreciate the derivation 
of such a relationship, he may well have some curiosity 
as to the actual magnitude of the pressures which have 
been under discussion. The treatment of this topic 
must necessarily vary according to the previous train- 
ing of the class in question. In any case it no longer 
seems advisable to emphasize the traditional analogy 
between the solute and a substance in the gaseous 
state (1), despite the great contributions of this view- 
point to the development of physical chemistry in its 
early stages. This analogy at best is significant only 
for infinitely dilute solutions, and at worst is likely to 
lead to misconceptions against which chemists were 
indeed warned (8, 9) almost from the start, but which 
nevertheless have not yet entirely disappeared from 
the literature (10). For students with little mathe- 
matical training, and especially for those who do not 
anticipate further work in chemistry, it should suffice 
to state that, for a given solute, the osmotic pressure 
increases with increasing temperature and concentra- 
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tion, and that, for dilute solutions of non-electrolytes, 
its magnitude is given at least approximately by the 
law of van’t Hoff; that is, 
nRT 
ieee (1) 

where P is the osmotic pressure in atmospheres, V 
the volume of the solution in liters, » the number of 
mols of solute in the solution, R the gas constant 
(0.0821 liter-atmosphere per degree), and T the ab- 
solute temperature. It may also be pointed out that 
in the case of electrolytes the osmotic pressure must 
be greater than that calculated from this formula, since, 
due to dissociation, the actual number of mols of solute 
is greater than 1. 

In the case of students who expect to pursue the 
subject farther, however, it would be preferable, if 
the mathematical background of the class permits, to 
present the more general relationship derivable for 
an ideal solution (one that follows Raoult’s law at all 
temperatures and pressures). For such a solution 


the osmotic pressure, at amy concentration, is given 
almost exactly* by the equation (11): 


fn. en (2) 
Vi 


where v; is the volume of a mol of solvent and Nn, the 
mol fraction of solvent in the solution. 

All solutions may be regarded as perfect when suffi- 
ciently dilute; and although equation (2) is quite 
different in form from equation (1), it is easily shown 
that (2) reduces to (1) in the case of a very dilute 
solution. [Thus: Jn ny = In(1 — Ne), where Ne is 
the mol fraction of solute, and if Ne is small /n(1 — Ne) 
is very nearly equal to —Ne. Substituting this for 
In N, in (2) gives P = RT Ne/vi. Further, np = 
n/n, + m2, where m, and m2 are the numbers of mols 
of solvent and of solute, respectively, and in a dilute 
solution this is practically equal to m2/m; finally, since 
at high dilution vi, the total volume of the solvent, 
is practically that of the solution, we obtain again 
the equation P = nRT/V.] 

Although the concept of osmotic work is not ordi- 
narily applied to the further study of solutions until 
the course in physical chemistry, (and not always even 
then), such application involves no great difficulties, 
and an illustration of its usefulness will be given here. 

Let us consider first the simple case of the osmotic 
removal of one mol of solvent from an infinitely large 
amount of an ideal solution. Here the concentration, 
and therefore the osmotic pressure, remain constant 
throughout the process, and the minimum amount of 
work required is equal to the product of this pressure 
and the decrease in volume of the solution.{ In the 

* Omitting a very small correction for the compressibility 


of the solvent, which is quite negligible except at very high con- 
centrations. 

{ The calculation of the work required to remove a given 
quantity of solvent from a finite amount of solution (in which 
case the osmotic pressure would vary during the process), though 
necessitating an integration, could be carried out according to 
the same principle, but the result would be of less theoretical 
interest. 
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ideal case this decrease is identical with volume of 
solvent removed, so that the work, w, done on the 
system, is Pv,; substituting the value of P from 
equation (2) above yields: 

w= —RTIn Ni 


Similarly, if this mol of solvent were added to an infinite 
amount of another solution, in which the mol fraction 
of solvent was N;’, the maximum amount of work, 
w’, that could be done by the system would be the 
product of the osmotic pressure and the increase in 
volume; hence 
w’ = —RT Inn,’ 

It follows, then, that the maximum amount of work 
that could be obtained by the transfer of a mol of 
solvent from the first solution to the second is w’ — w, 
or RT In N;/Ni1’. 

Now, just as the study of the voltaic cell may be 
used to introduce the idea of free energy change in a 
chemical reaction, so the consideration of the reversible 
osmotic process might serve as a simple introduction 
to the almost equally important concept of free energy 
change with change in concentration (free energy of 
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dilution). Since, in the transfer described, the only 
thing that undergoes any change in state is the mol 
of solvent transferred, we may say that the free energy 
of this mol (pressure and temperature remaining 
constant) is decreased by the amount RT In ni/mi’; 
further, since there is no fundamental difference 
between solvent and solute, we may imagine a similar 
process in which a mol of solute is transferred (using 
a different semipermeable membrane) from one con- 
centration to another, and conclude immediately that 
its decrease in free energy is RT lnm N2/N2’. For dilute 
solutions, in which the mol fraction of solute is very 
nearly proportional to its concentration, we thus arrive 
at the important approximation: 


—AF « RTInS 


where — AF is the decrease in free energy in going from 
the initial concentration, c, to the final one, c’. 

The transition from the free energy of dilution to the 
useful concept of the activity of a dissolved substance 
is an easy one; discussion of the activity function, 


however, would be beyond the scope of this article. 


LITERATURE CITED 


(1) van’t Horr, J. H., ““The function of osmotic pressure in the 
analogy between solutions and gases,”’ Z. physik. Chem., 
1, 481-508 (Oct., 1887); English translation in Phil. Mag., 
[5], 26, 81-105 (Aug., 1888). 

(2) WaAsHBURN, E. W., “‘An introduction to the principles of 
physical chemistry,”” McGraw-Hill Book Co., Inc., New 
York City, 1915, p. 130. 

(3) Lewis, G. N. AND RANDALL, M., ‘‘Thermodynamics and the 
free energy of chemical substances,’’ McGraw-Hill Book 
Co., Inc., New York City, 1923, pp. 214-5. 

(4) RopEesusH, W. H. anp E. K.., “An introductory course in 
physical chemistry,’’ D. Van Nostrand Co., Inc., New 
York City, 1932, p. 170. 


(5) Frnpiay, A., ‘‘Osmotic pressure,” 2nd ed., Longmans, 
Green & Co., London, 1919, 116 pp. 
(6) Morse, H. N. AnD Frazer, J. C. W., “The osmotic pressure 
and freezing points of solutions of cane sugar,’ Am. 
Chem. J., 34, 1-99 (July, 1905). 
(7) Earu OF BERKELEY AND HARTLEY, E.G. J., ‘““On the osmotic 
pressure of some concentrated aqueous solutions,” 
Phil. Trans. Roy. Soc., A206, 481-507 (June, 1906). 
(8) Mever, L., ‘‘On the nature of osmotic pressure,” Z. physik. 
Chem., 5, 23-7 (Feb., 1890). 
(9) van’t Horr, J. H., “On the nature of osmotic pressure,” 
tbid., 5, 174-6 (Mar., 1890). 
(10) Ref. (2), pp. 158-64. 
(11) Ref. (8), p. 231. 





COUNTERPOISING WATCH GLASSES 


C. L. BERNIER 
The Ohio State University, Columbus, Ohio 


IN THE attempt to make some counterpoised watch 
glasses for this laboratory, a simple and rapid method 
which gives neat results was devised. 

About a dozen watch glasses were selected and, by 
weighing, pairs were found which were within several 
tenths of a gram of each other in weight. These pairs 
were then marked on the underside and near the edge 
with a diamond or ‘“‘carboloy”’ point, so that each had 
a designating number as well as the letters L and R 
(for left and right). The letters were so inscribed that 
the heavier glass was designated for the pan carrying 
the weights. This was done to leave a smooth edge on 
the glass carrying the sample, as an aid in brushing 
it off. 


To grind the heavier glass of each pair to the weight 
of the lighter, it was inverted on a small square of glass 
on which was spread a thin paste of turpentine and 
powdered carborundum (fineness 2/f). By pressing 
gently on the convex side and using an even circular 
motion, the glass was ground a little and then weighed. 
It was found that by counting the number of revolu- 
tions while grinding, and by knowing the loss in weight 
thus produced, considerable skill could be gained in 
estimating the amount of glass taken off. 

Toward the end of the grinding process (which was 
aided by the liberal use of turpentine) much more care 
had to be used in the cleaning of the glass before weigh- 
ing it. The static electricity produced by the wiping 
was allowed to leak off each time in order to remove 
that source of error. 

It was found that the first three pairs of watch glasses 
could be counterpoised to within 0.2 mg. of each other 
in about two hours. This was considered a satisfactory 
accomplishment. 





The DEATH MASK 


of 
JUSTUS 


VON LIEBIG’ 


ROBERT SOMMER 


Liebig Museum, Giessen, Germany 


GROUP of the relatives of Justus von Liebig 
held a family reunion at the Liebig Museum in 
Giessen in July, 1931. Freifrau Auguste von 

Liebig of Munich used this occasion to present to the 
Museum a death mask of her distinguished father-in- 
law. She is the widow of Liebig’s second son Hermann 
(1831-1894), and their son Hans (1874-1931) served as 
Assistant Professor of Chemistry at Giessen. 

This mask is unquestionably an original and corre- 
sponds closely to the one in the Deutsches Museum at 
Munich. Dr. Heinrich von Liebig, a son of Liebig’s 
first son George (1827-1903), has studied the history of 
these two masks and his researches leave little doubt 
that both were taken by Kreittmeyer, the expert plaster 
worker of the Bavarian National Museum. The mask 
in the Deutsches Museum was a gift from Frau Julie 
Helquist. She was an intimate friend of the Liebig 
family, to whom she was indirectly related. Her 
father, Ludwig Thiersch, the artist, was a brother of 
the surgeon Karl Thiersch who was the husband of 
Liebig’s daughter Johanna (1836-1926). The donor 
of the Giessen mask informed the writer that she had 
reason to believe that Ludwig Thiersch participated in 
the taking of the plaster impressions of the dead chem- 
ist’s lineaments. This is quite probable. 

Liebig’s health underwent a severe breakdown early 
in 1870. He suffered from almost constant headaches; 
in March a large carbuncle on his neck necessitated 
several painful operations; a debilitating fever and 
long spells of insomnia so weakened him that at the 
beginning of May, fearing the worst, he set his house 
in order, had his casket made, and gave detailed direc- 
tions regarding the disposal of his body which was to be 

* Translated by Ralph E. Oesper, University of Cincinnati. 
Dr. Sommer, Geheimer Medizinal Rat, is by profession a psy- 
chologist and for many years directed the neurological clinic of 
the Medical School at the University of Giessen. It is to him 
that we are deeply indebted for the salvation of the Liebig Labora- 


tory and its restoration into the Liebig Museum. See J. CHEM. 
Epvc., 8, 211 (1931).—Translator’s note. 


A RECENTLY DISCOVERED AND HENCE HITHERTO UNPUB- 
LISHED PHOTOGRAPH OF LIEBIG IN His LATER YEARS 


Presented to the Liebig Museum by Regierungsprasident, 
E. von Harnack, whose mother was a daughter of Johanna 
Liebig Thiersch (see text). 


packed in charcoal and sent for burial to his native city, 


Darmstadt. To the surprise of everyone his condition 
improved and by the middle of June he was out of 
danger. This casket was put away in the laboratory 
storeroom, together with its mate, for his wife had 
ordered one for herself. Although he took up the cur- 
rent of his activities, he was never quite the same again; 
he lacked his characteristic drive and energy. In the 
spring of 1873 the recurrence of sleepless nights fol- 
lowed by days of enervation gave notice that the end 
was probably not far distant. In his last letter to 
Wohler (April 3) he said, “I planned to write to you 
yesterday, but I had a bad night, no sleep at all, and I 
lay the whole day on the sofa, tired and exhausted. 
I thought of you, your sound sleep, your good appetite, 
the normal operation of all your functions. Can the 
aged succumb to insomnia alone without having a real 
illness? It’s a vegetative life with recuperation at 
night, and if this fails, the lamp gradually flickers 
out.” 

The feeling of languor increased, he spent long periods 
on a sofa, and falling to sleep one day in his garden, he 
took cold. Inflammation of the lungs set in and he 
sank into a coma broken by occasional short periods of 
consciousness. He died at 5:30 in the afternoon of 
Friday, April 18, so that he (born May 12, 1803) 
did not quite complete his seventieth year. The 
autopsy showed fatty degeneration of the cardiac muscle 


503 





504 


accounting for the languor and the weak pulse, and 
justifying the well-founded belief of the physicians 
that the danger lay in the heart rather than the lungs. 
The illness of 1870 with its severe headaches had re- 
sulted in hypertrophy of the cerebral membrane and 
hence there was distinct danger of acute mental dis- 
turbances, a fate which he was mercifully spared. The 
body was laid out in his bedroom, and Volhard, his 
intimate friend, colleague, and biographer, tells us, 
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ment on the mask presented to the Liebig Museum. In 
his opinion it is a real artistic achievement, char- 
acterized especially by the extraordinary clarity with 
which all the fine lines of the face and particularly those 
of the forehead have been reproduced; lines which 
appear in the skin as the results of psychical actuation 
of the facial muscles. 

The original mask is too valuable to be kept on dis- 
play and is preserved in a vault. During the summer 


DEATH MASK OF LIEBIG 


Photo by Wilhelm Wulkau. This full view portrays par- 
ticularly well the forehead and the lines around the eyes. 


‘Although the flashing eyes which lent such a fascinat- 
ing expression to the face were closed, the head never- 
theless was wondrously handsome.” Late Saturday, 
conforming to the custom observed by the common 
people of Munich, the remains were transferred to the 
public mortuary chapel of the Old South Cemetery 
and the burial took place at 5:30 the next afternoon. 
The two masks, then, were probably taken on Satur- 
day, April 19, 1873. 

The writer, in his professional capacity, has dealt 
extensively with the interpretation of physiognomic ex- 
pressions and has invented methods for representing 
objectively the most delicate movements of the facial 
muscles. He therefore feels competent to pass judg- 


Photo by Dr. David L. Drabkin, Medical School, Univer- 
sity of Pennsylvania. This view taken at an angle brings out 
very well the characteristics of the nose, mouth and chin. 
The head appears as in sleep. 


of 1933 the sculptor Knapp of Basel, a great-nephew 
of Liebig (his grandmother was Liebig’s youngest 
sister, Elizabeth) made an excellent separable copy of 
the Giessen mask, and five reproductions of Knapp’s 
copy have been made by Wilhelm Wulkau, technical 
assistant at the neurological clinic at Giessen. The 
original mask has been photographed by Dr. Drabkin 
of the Medical School of the University of Pennsylvania 
and also by Wulkau. The following discussion of the 
mask may best be followed by referring to the ac- 
companying reproductions of these photographs. 

‘The mask extends as far as the top of the neck; 
reproducing only the forehead, face, and ears. The 
straight line measurement from chin to the top of the 
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forehead is 21.6 cm.; from chin to the base of the nose 
is 12.6 cm.; and 9.7 cm. from this point to the upper 
edge of the forehead. Consequently the base of the 
nose lies somewhat in front of the line connecting these 
extreme points. The forehead is powerfully developed 
both in breadth and height, it exhibits bone prominences 
over the inner eye muscles and in the center a flat 
groove (glabella). The root of the nose lies in a de- 
pression, the bony part of this organ projects promi- 
nently and is broad. The middle portion of the nose 
(soft parts) is somewhat smaller. The front part and 
its sides (alae) are delicately formed and show no 
fleshy bagginess. The chin is strongly developed in 
height and breadth and does not recede. The cheek 
bones likewise are robust and broad but do not stand 
out unduly. The distance between the centers of the 
cheek bones is 12.7 cm.; between the ears, just forward 
of the auditory canals, 15.3 cm. All parts of the bony 
skull appear to be uniformly developed. The whole 
head is an harmonious, closely knit unity. 

The face is slightly asymmetric in that the promi- 
nence above the inner corner of the left eye is somewhat 
higher than that on the right, and the crack of the 
mouth is a trifle longer on the left side. Such asym- 
metries are quite common and often constitute the 
characteristic feature of a human face. 

What has been said concerning the bony structure 
applies also to the physiognomic creases and wrinkles 
of the face which have been excellently reproduced. 
Between the’ prominences on the forehead above the 
inner corners of the eyes there rise two sharply inclined 
wrinkles converging as they ascend. These are the 
results of the pull of the muscle (corrugator) that 
wrinkles the forehead. It has been the writer’s ob- 
servation that this is indicative of long-continued strain 
during mental exertion. The left wrinkle rises some- 
what higher than the right one, and both curve down 
into the skin of the upper eyelid and thence into the 
inner corner of the eye. 
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The transverse wrinkles of the forehead which are 
due to the action of the musculi frontales are less highly 
developed. The vertical lines dominate the picture 
and give the countenance an aspect of unrelenting 
sternness, almost threatening. The transverse lines 
of the root of the nose, which likewise resulted from long- 
sustained muscular pull, aid in producing this effect. 
From the outer corners of the eyes there radiate out- 
ward groups of lines such as appear particularly during 
laughter or mirth. These mitigate the solemn severity 
of the facial expression. It looks almost as if the 
mental strain is being relieved by a friendly jest. 
The impression of intellectuality is especially evident 
around the eyes and on the brow. 

The lines of the nasal Jabia are clear and run out in 
a straight line from the sides of the nose to the outside 
—above the corners of the mouth. A line extends down 
and outward from the left corner of the mouth and as 
it is more strongly emphasized than the correspond- 
ing crease at the right corner of the mouth there is 
again a slight asymmetry with higher tension on the 
left side. Between the chin and lower lip there is a 
wrinkle which extends lower on the right than on the 
left. 

The combined morphologic and physiognomic im- 
pression produced by this mask are such that this 
countenance cannot be viewed without deep emotion. 
Intense and prolonged absorption in intellectual pur- 
suits, keen comprehension, tenacious adherence to 
ideas, determination carried almost to the point of 
inflexibility, with a quick readiness to defend his 
views (revealed especially in the vertical creases of the 
forehead)—these characteristics are clearly evidenced 
but mellowed and humanized by a more cheerful, 
jovial, and kindlier expression, particularly in the laugh 
creases around the eyes. Such is the picture of the 
disposition, mental life, and character of this great 
scientist, Justus von Liebig, as preserved for us in this 
death mask. 





The student does not study Nature because that study is useful, but because it gives him pleasure, and it gives 


him pleasure because Nature is beautiful; of it were not beautiful it would not be worth knowing and life would not be 
worth living. Iam not speaking, be it understood, of the beauty of its outward appearance—not that I despise it, far 
from tt, but it has nothing to do with science: I mean that more intimate beauty which depends on the harmony in the 


order of the component parts of Nature. This is the beauty which a pure intelligence can appreciate and which 
gives substance and form to the scintillating impressions that charm our senses. Without this intellectual support 
the beauty of the fugitive dreams inspired by sensual impressions could only be imperfect, because it would be inde- 
cisive and always vanishing. It is this intellectual and self-sufficing beauty, perhaps more than the future welfare of 
humanity, that impels the scientific man to condemn himself to long and tedious studies. And the same search for the 
sense of harmony in the world leads us to select the facts which can most suitably enhance tt, just as the artist chooses 
among the features of his model those that make the portrait and give it character and life. There need be no fear 
that this instinctive and unconscious motive should tempt the man of science away from the truth, for the real world is 
far more beautiful than any vision of his dreams. The greatest artists that ever lived—the Greeks—constructed a 
heaven; yet how paltry that heaven is compared to ours. And tt ts because simplicity and grandeur are beautiful that 
we select by preference the simplest and grandest facts, and find our highest pleasure, sometimes in following the 
gigantic orbits of the stars, sometimes in the microscopic study of that minuteness which also ts a grandeur, and some- 
times in piercing the secrets of geological times which attract us because they are remote. And we see that the cult of 
the beautiful guides us to the same goal as the study of the useful.—JuULES HENRI POINCARE 





SAFETY 
in CHEMICAL LABORATORIES 


An Industrial Viewpoint 


FREDERIC WALKER 


E. I. du Pont de Nemours & Co., Inc., The R. & H. Chemicals Department, Niagara Falls, New York 


Industry demands that its chemists be safe workers. 
An industrial chemist must be constantly on guard 
against the hazards involved in his work; he must know 
safety rules, and he must make use of equipment which 
protects himself, his associates, and industrial property. 
If he cannot do these things, his employers cannot afford 
the risk of retaining his services. The present article 
describes the attitude of an industrial concern toward the 
question of safety and tells of some of the methods em- 
ployed in industry to increase the safety of the chemical 
worker. 


+++ oo + 


N AN article recently published in Tuts JouRNAL,' 

P. L. Turrill discussed the legal aspects of accidents 

occurring in the laboratories of schools and colleges 
and emphasized the importance of accident prevention. 
The methods that might be employed to prevent 
such accidents were described. Certain aspects of 
safety in the industrial laboratory have also been 
discussed by Buxbaum.? The object of the present 
paper is to set forth the attitude of an industrial con- 
cern toward the question of safety and to describe 
some of the methods employed in industry to increase 
the safety of the chemical worker, with especial refer- 
ence to safety apparatus and its réle in the labora- 
tory. 

The question of accident prevention in chemical 
laboratories is an extremely important one for industrial 
concerns. It is of importance not only for the personal 
well-being of the individual employee and his associates, 
but also because accidents are responsible for large 
capital losses. Industry has learned the lesson of 
safety at the price of bitter experience and demands 
today that its chemists be safe workers. An industrial 
chemist must, of course, have a thorough knowledge 
of his science but this is not all. He must be constantly 
aware of the hazards involved in his work and know 
by what means they may be reduced to a minimum 
He must know safety rules and follow them. He must 
make use of equipment which protects himself, his 
associates, and industrial property, and if accidents 
do take place, he must be able to take the proper 
steps to moderate their consequences. If he cannot 


1 TuRRILL, J. CHEM. Epuc., 10, 552-5 (Sept., 1933). 
2 BUXBAUM, ibid., 11, 73-6 (Feb., 1934). 


do these things, his employers cannot afford the risk 
of retaining his services. 

The following extract from the R. & H. Safety News 
which is published by the R. & H. Chemicals Dept. 
of E. I. du Pont de Nemours and Co., Inc., for its 
employees illustrates the value of safety in industry 
and shows the industrial attitude on the subject. 
It concerns the Pacific R. & H. Chemical Corporation 
which manufactures Hydro-Cy (hydrocyanic acid) 
for use in combating the pest known as “‘scale’’ which 
attacks citrus trees. 


During the period of its existence (14 years), this company 
has had no fatalities among its employees as a result of exposure 
to hydrocyanic acid. This record is not accidental, but is a . 
result of the appreciation of the problems involved and a definite 
determination on the part of each member of the organization 
to avoid accidents. The personnel has been carefully selected 
and trained in safe operating conditions. Safe methods of han- 
dling the materials and equipment have been worked out. Every 
employee is required to learn the methods applying to his work 
and to follow them implicitly. Every employee knows that 
carelessness on the part of any one of the group may result in 
serious consequences, not only to the careless individual but to 
others as well. Accordingly the careless workman is not tolerated 
by his fellows. 


What is said here with respect to the manufacture of 
hydrocyanic acid applies with equal force to the whole 
field of industrial research work. In fact, the im- 
portance of safety must be stressed with even greater 
urgency in fields in which the chemist has to deal with 
chemicals that appear to be less hazardous. The 
average chemist does not need repeated warnings to 
work carefully with hydrocyanic acid, mercury fulmi- 
nate, or nitrogen chloride. However, because they are 
encountered more frequently in the average laboratory, 
such chemicals as benzene, methanol, sulfuric acid, 
and even boiling water become insidious sources of 
danger. 

The following is a brief outline of the various methods 
that are employed for the prevention of accidents in 
industrial laboratories. 


SAFE LABORATORY CONSTRUCTION 


In the first place the laboratory must be made safe 
for the chemist. This is done by making the question 
of safety play a part in the plans of the architect when 
the laboratory is built so that fire hazards will be low, 
ventilation good, etc. 
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SAFETY APPARATUS 


The laboratory is well equipped with safety appa- 
ratus. The nature of this apparatus, which consists 
of anything from a fire extinguisher to a rubber glove, 
will be discussed later in greater detail. 


SAFETY RULES 


Rules of the sort described by Turrill in the paper 
previously referred to are drawn up. The chemists 
- are expected to be thoroughly acquainted with these 
rules and to follow them implicitly. The figure demon- 


THE RIGHT WAY 


1. Make sure that the bore of the stop- 
per is of the proper size for the glass tubing 
to be used. 

2. Fire-polish the end of the glass 
tubing. 

8. Use glycerin or soap and water on 
the glass tubing as an aid in inserting it 
into the stopper. 

4. Grasp the rubber stopper between 
the thumb and index finger in such a manner that the glass tub- 
ing will not come in contact with the hand when it passes 
through the stopper. 

5. Grasp the tubing with the other hand as near the end to 
be inserted as is convenient. 

6. Insert the fire-polished end of the glass tubing into the 
bored hole of the stopper by gently twisting the tubing or the 
stopper as force is exerted with both hands. 


THE WRONG WAY 


1. Do not insert glass tubing with 
jagged and rough ends. 
2. Donot attempt to force glass tubing 
into a bored hole in the rubber stopper con- 
siderably smaller in diameter than the 
outside diameter of the glass tubing. 
3. Do not grasp the rubber stopper in 
such a manner that the end of the glass 
tubing will strike the hand holding the 
rubber stopper, as the end of the glass tubing passes through 
this stopper. 
4. Do not hold the glass tubing a considerable distance from 
the end to be inserted. This puts a lateral strain on the glass, 
which will cause it to break easily. 


ILLUSTRATED SAFETY RULES 
Such pictures hung in the laboratory are more effective than 
rules without illustrations. 


strates a pictorial method by which some of these 
rules may be illustrated. Such illustrations are hung 
in the laboratories where they may be readily observed. 


SAFETY LITERATURE AND POSTERS 


Company publications such as the one from which 
we quoted are published at regular intervals to keep 
the employees safety-minded. Posters placed on the 
bulletin boards and hung in the laboratories contribute 
to the same purpose. 


SAFETY CAMPAIGNS 


Safety campaigns are conducted annually in which 
the importance of establishing high records of safety 
is impressed upon all. 

FIRST AID 

A first-aid department is maintained to give prompt 
treatment to all persons in case of accidents. The 
importance of reporting for treatment of minor injuries 


is impressed upon all 
concerned since mi- 
nor injuries often de- 
velop into major ones 
if not adequately 
treated. 


STUDY OF ACCIDENTS 


A report is pre- 
pared for every acci- 
dent describing the 
accident and the 
methods, if any, by 
which it might have 
been prevented. If 
the accident was due 
to carelessness, the 
matter is taken up 
with the individual 
responsible. Every 
accident has a valuable lesson to teach and in some 
cases the injured person is called upon to address his 
fellow workers and tell them the details of the accident 
after he has recovered from its effects. 


DAMAGED GOGGLES 


Each pair of goggles probably 
represents the saving of one or both 
of a man’s eyes. 


We shall now consider the nature and use of safety 
apparatus in somewhat greater detail. Its function 
is to afford the chemist a certain degree of protection 
from accidents which cannot be altogether controlled 
and to prevent accidents of a minor sort from develop- 
ing into catastrophes. Laboratory glassware occasion- 
ally breaks when in use. Reactions sometimes get out 
of control and become violent even in the course of 
routine preparations. Such happenings may be 
harmless but they occasionally lead to serious acci- 
dents. The writer knows of one case in which a uni- 
versity student was burned to death when a glass 

container in which 
he was heating an 
inflammable solvent 
cracked and the 
ignited fluid satu- 
_rated his clothing. 
"His life might have 
been saved by the 
proper use of safety 
apparatus. Of 
course this apparatus 
will not prevent all 
laboratory accidents 
from having serious 
consequences. 
Chemicals may deto- 
nate with such vio- 
lence that all screens 
are useless to protect 
us from their vio- 
lence. Safety appa- 
ratus may even lead 





MELTING-POINT APPARATUS WITH 
SaFETy HovusinG 
The housed apparatus consists of 
a sulfuric acid bath with a mechani- 
cal agitator. 








a man to take un- 
warranted chances in 
the belief that he is 
completely pro- 
tected. But the pos- 
sibility of minimizing 
the effects of acci- 
dents by well-con- 
sidered safety pre- 
cautions is none the 
less worthy of seri- 
ous consideration. 
The following are 
some of the more 


SAFETY SCREEN important types of 


An 18” by 24” frame constructed safety equipment 
of angle iron containing !/,” polished that may be used in 


oon ee. the laboratory. The 

more general rules 
for their use based on industrial practice are set forth. 
Some of the items, e. g., goggles, fire extinguishers, etc., 
are present in all laboratories. Other items may be less 
well known. Apparatus for protection in the handling 
of exceptionally dangerous chemicals is not described. 
Such apparatus is designed especially for the work 
in hand and is not of general interest. 





GOGGLES 


Goggles for use in the chemical laboratory should 
possess heavy glass eyepieces and be of a construction 
that offers protection from the side. These goggles 
should be fitted to the individual. They should be 
worn when opening cylinders containing gases under 
pressure, when cutting sodium, using grinding appa- 
ratus, in all cases where there is danger of ee 
dangerous chemicals, etc. 


GLOVES 


Canvas gloves should be worn whenever the chemist 
is cleaning up broken glassware. They should also be 
worn when handling “‘dry ice.’””’ Rubber gloves should 
be used when there is danger of the hands coming 
in contact with acids, aniline, or other caustic or 
poisonous chemicals. Asbestos gloves are sometimes 
useful when hot apparatus, etc., must be handled. 


GAS MASKS 


All-service gas masks must be placed so that they 
are instantly available in case dangerous gases are 
liberated in the laboratory and should also be a part of 
the regular fire-fighting equipment. They must be 
kept away from hazards but near enough for convenient 
use. 

FIRE EXTINGUISHERS 


Fire extinguishers should be kept in hallways or 
near doors away from the principal fire hazards. Carbon 
tetrachloride extinguishers, Foamite extinguishers, car- 
bon dioxide extinguishers, sand, and soda ash are 
valuable aids in putting out laboratory fires. The 
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types available depend on the particular types of fire 
hazards to be expected and persons in the laboratory 
should know the value and limitations of each type and 
the kind of valve employed on each extinguisher. 
Use of the wrong sort of fire extinguisher for a chemical 
fire may turn a small one into a large one and can even 
cause an explosion. 


FIRE BLANKETS 


One or more wool or asbestos fire blankets should be . 


provided in every laboratory and must be conveniently 
located. It is a good practice to have a woolen blanket 
suspended from a rack in such a way that a person 
whose clothing has caught fire can catch hold of one 
edge and by merely turning his body around wrap 
the blanket about him. A readily accessible shower is 
also excellent for putting out flaming clothing. The 
asbestos blanket is often useful in putting out small 
fires since it can be thrown over the whole fire. 


SHOWERS 


A shower should be provided in the laboratory for 
protection in case someone is spattered with acid or 
other caustic chemicals. Preferably such a shower 
should be operated mechanically so that it is turned on 
easily when the person needing it steps on the shower 
platform. The shower should be tested periodically. 


DRAIN TRAYS 


Drain trays are rectangular iron pans made of sheet 
metal, e. g., galvanized iron. A generally useful size 
is a 15” square tray with walls that are 4” to 5” 
high. These pans should be capable of holding liquids. 
When glass flasks or beakers are heated over gas 
burners, either alone or as part of a general set-up, 
the supporting ring- 
stand and the 
burners should be 
set in these pans. 
When mercury is 
poured into a flask, 
tube, bottle, or other 
apparatus, the opera- 
tion should be per- 
formed over one of 
these trays. Appa- 
ratus containing 
large amounts of 
mercury should have 
a plain iron tray 
under it. When it is 
necessary to keep in- 
flammable liquids in 
flasks or glass bottles 








DEsICccATOR HousING 
on the work bench, Vacuum desiccators sometimes 
the bottles or flasks fail and flying glass is hurled in all 
directions. The metal case shown 
should always be set here is designed to afford some pro- 
in a drain tray. tection to workers in case of such an 
: accident. The metal top is placed 
There is less chance over the desiccator when it is evacu- 
of the containers be- ated. 
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ing broken in such a tray, and if they are broken, the 
dangers inherent in such a happening are considerably 
reduced. Lead-lined trays should be used to hold the 
bottles of concentrated acids. Of course, it is under- 
stood that large quantities of inflammable fluids should 
not be stored in glass and should never be allowed on 
work benches on which burners, hot plates, etc., are in 
use. 

A modified drain tray which empties its contents 
into the drain was recently described by Wilson.* 
Such an arrangement is useful when dealing with non- 
inflammable fluids with the exception of mercury, 
and when it is not desired to save the material spilled. 


SAFETY SCREENS 


Safety screens are used to afford some protection to 
the chemist in case of accidents such as minor ex- 
plosions, fire, or breakage of apparatus. They may be 
made of some form of heavy or non-shatterable glass, 
laminated glass, 1/,” polished wire glass, etc. The glass 
is set in a self-supporting iron frame. Screens should 
be placed in front of or around the apparatus that 
is being used. The size of screen depends, of course, 
upon the requirements of the particular apparatus. 
A generally useful size that can be kept on hand in 
the laboratory is a screen 24” high and 18” wide. The 
frame may be made from '/,” angle iron, 1” by 1’. 
The supporting feet of the frame should extend 4” on 
each side. 

Protective devices consisting of a combined safety 
screen and drain tray are often useful. In the illustra- 
tion such an arrangement prepared for housing a 
melting-point apparatus will be seen. 

It is advisable to place a safety screen in front of all 
vacuum distillations or any evacuated flask and in 
front of any apparatus in which there is danger of fire, 
explosion, or splash (e. g., the splash that would result 
if a flask containing a hot or caustic fluid broke). 

Safety screens are not guaranteed to protect the 
operator from all explosions, and are probably not 
sufficient protection from a real detonation. They 
are designed to afford protection from unexpected hap- 
penings which would be dangerous to the man directly 


* Witson, Ind. Eng. Chem., 25, 1216 (1933). 


WrirE ScREEN TO Protect LABORATORY WORKERS AT 
OpposiITE BENCHES 


This screen will stop most of the flying metal and glass in a 
laboratory explosion. 


in front of the apparatus but would not constitute a 
serious hazard to other persons in the vicinity. A metal 
screen surrounding the sides and back of an apparatus 
used in conjunction with a glass screen is often useful. 


OTHER SAFETY APPARATUS 


In addition to the safety apparatus which has been 
described, many other pieces of safety equipment 
have been found valuable in the chemical laboratory. 
Some of these are (1) metal non-spillable containers 
for the transportation of bottles of corrosive liquids, 
(2) chains for the support of gas cylinders when they 
are in use at the work bench, (3) rubber bulbs for 
filling pipets with poisonous and corrosive liquids, (4) 
separate, covered metal receptacles for broken glass 
and combustible refuse, and (5) metal flasks for dis- 
tilling inflammable liquids. 

In closing, the writer wishes to express his thanks to 
Mr. J. W. Dunning, Service Section Supervisor, and 
other members of the R. & H. Chemicals Department, 
for their helpful coéperation in preparing this paper. 





The maxim which should guide us in our work is not from the simple to the complex, nor yet, as some philoso- 
phers have taught, from the more needful to the less needful, but from the known to the unknown, from truths either 
discovered by steady effort or stumbled on by accident to new truths springing out of past acquisitions, and verified by 
observation or experiment . . . Scientific discoverers have a rugged peak to climb, and are often urged to try this or 
that infallible method of Bacon, Descartes, or Comte, a method which generally turns out to be either misleading or 
impracticable. There is but one way—to wriggle up as you can, sometimes taking to the right, sometimes to the left, 
sometimes turning back, because what looked like a promising opening proves to lead nowhere. It is a great thing to 
possess natural aptitude for the work, a great thing, too, to be obstinately bent on getting to the top, but the successful 
climber often owes much to good-luck wisely turned to account.—Pror. L. C. M1ALL 
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WHAT’S WRONG with 
CHEMICAL EDUCATION? 


HARDEN F. TAYLOR 


The Atlantic Coast Fisheries Company, New York City 


directors and business executives who have had 

experience with research men, that getting a really 
good research chemist is a matter of luck. It is not 
difficult to find competent chemists who can prepare 
standard solutions and perform analytical and other 
routine work acceptably; but the qualifications of a re- 
search man—wide knowledge, creative imagination and 
inventiveness, ability to analyze proposed projects 
deeply and accurately, to discriminate between essen- 
tials and trifles, to plan and execute, the qualifications 
of resourcefulness and persistence, and, finally, a bal- 
ance between academic learning and practical busi- 
ness—this combination is a rare jewel, hard to find, 
and, I might add, somewhat more perishable than 
mineral gems, for a research genius sometimes loses the 
sparkle. That, however, is the problem of those of us 


[: IS a commonplace among industrial research 


who hire him. Your problem is how to produce him. 
I firmly believe that the most important single factor 


in turning out high-grade research chemists is expert 
teaching—with all due allowance for native ability of 
the students, the so-called ‘‘talent’’ of different students 
for certain subjects, and other circumstances that are 
convenient excuses and alibis. I believe that the 
teacher’s job is to teach, rather than to conduct research 
and publish papers or attend conventions, important 
though these functions may be. To which you may 
shrewdly reply, “‘Quite so; but the teaching genius is as 
rare as the student genius, and equally as undefinable 
and unaccountable. Some teachers, like some students, 
are talented or gifted, have the spark of genius. Others 
do not.” To this I reply that genius or talent or 
giftedness in both teacher and student is, to a large 
extent, susceptible of analysis, definition, control, and 
improvement. 

The three principal stages in a creative research 
project are, usually, conception of the idea, theoretical 
analysis and planning of the project, and carrying it 
out to a practical conclusion. Corresponding to these 
three main steps are the three desirable attributes of 
the chemist who has the project in hand, namely, 
creativeness, theoretical insight, and practical skill and 
resourcefulness in adapting means to ends to bring the 
undertaking to a successful conclusion. 

The most valuable of these qualifications of a re- 
search chemist is imaginativeness or inventiveness, per- 
haps because it is rarest. Some chemists are highly 

* Presented at a joint meeting of the Chemistry ‘Teachers’ 


Club and the New York Chapter of the American Institute of 
Chemists in New York City, January 12, 1934. 


creative, all the time bubbling over with new ideas, 
sometimes so rapidly and brilliantly that the ideas get 
in each other’s way. Other chemists rarely or never 
conceive an important new idea. Is creative imagina- 
tion an innate talent or gift possessed by the lucky, and 
hopelessly beyond the reach of others? Or can it be 
inculcated in students, or developed in them by a skilful 
teaching? While I am not prepared to be categorical on 
this point, I believe that the matter is so important as 
to be worth the most serious study. The discovery 
that the imaginative faculty can be developed in 
students by skilful teaching would be the most impor- 
tant advance in education in manyaday. A dissection 
of the creative process seems to indicate that creative- 
ness can or ought to be capable of development. 

Ordinary creative imagination in the natural sci- 
ences seems to depend on two main essentials, the actual 
mental possession of a large number of concepts, and 
the mental habit of trying to fit them together to 
produce new combinations or ideas. The chemist’s 
mind should be the warehouse in which is stored a 
large inventory of facts, concepts, bits of knowledge; 
the elements and their properties, factual and numerical 
data about them; the properties of their compounds, 
the mathematical laws governing their behavior. 
Included among these concepts, also, are queries, un- 
satisfied curiosity, problems, which can be solved or 
satisfied with appropriate facts. These are the 
pieces of jig-saw puzzles which, when fitted together, 
make a definite picture. The active and imaginative 
mind is as alert for these bits of new knowledge as the 
stamp collector is for new and rare stamps. The 
mental habit of trying to fit these bits of knowledge or 
concepts into new combinations is creative imagination. 
That is, creative imagination of the ordinary kind such 
as we look for in chemists. This definition is, of course, 
crude and probably too simple for the real flights of 
greatness, such as that of Max Planck when he con- 
ceived the quantum theory, or Newton when he in- 
vented the calculus. 

It follows that the bits of knowledge from which 
new ideas are generated must actually be in the chem- 
ist’s head, not merely in reference books on the shelf 
where he can find them if he wants to look them up, 
for if one fact is on one page of a book on the shelf, and 
another fact on another page or in another book, and 
from these two facts, when fitted together, emerges 
something new and important, they will never come to- 
gether unless they are both in the chemist’s mind at the 
same time. The chemist would never look up either of 
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them in the books unless something in his mind sug- 
gested the relationship between them, and as long as 
neither of them is there, the relationship or idea is not 
very likely to occur to him. If, up to this point, our 
argument is correct, then hard drilling in the factual 
data of chemistry is the first essential in the teaching of 
chemistry. 

But the stuffing of the mind with facts, essential 
though it is, is not alone adequate to a creative imagina- 
tion. The other part is the mental habit of piecing or 
fitting these facts together. To this end, the chemist 
must ever be playing around in his mind with the facts 
he has acquired. If he limits his chemistry to working 
hours or classroom hours and turns his mind thereafter 
to his home affairs, the football game, or his girl, he 
limits by so much his chances of fitting his store of 
facts into new combinations. Going to and from work, 
riding the subway, or when he is bored at the movies, his 
mind can be, within itself, fitting together the concepts 
he has. It is excellent self-entertainment and an 
impregnable defense against boredom anywhere. Soli- 
tude for reflection seems to be highly important, if not 
essential, to the process. 

To illustrate from introspection: The chemist who 
has been working on problems of refrigeration is aware 
of the need of a perfect refrigerant gas, and of the 
properties needed in such a gas—suitable boiling point, 
high latent heat of evaporation, low specific heat of 
liquid, relatively high critical temperature, high degree 
of stability, non-inflammability, non-corrosiveness, 
non-toxicity, etc. Reading somewhere in Mellor he 
runs across sulfur hexafluoride and notices that it is very 
stable. Another inorganic gas—how interesting! A 
new bit of knowledge acquired. Will it fit into any- 
thing else? I wonder how it would fit in as a refrigerant 
gas, the unsatisfied demand already in his mind? He 
then eagerly searches the literature for every bit of in- 
formation he can find about SFs. If he finds the proper- 
ties to fit in with the requirements, he has generated 
a new and valuable idea. The requirements of re- 
frigerants have been known for years and can be looked 
up in books. SF, has been known since Moissan first 
made it in the 1890’s. But the two sets of facts printed 
in books had never come together in anybody’s mind in 
forty years. When the properties needed on the one 
hand existed in the chemist’s mind, as soon as the sub- 
stance entered that mind and the mind began to fit it in 
with other ideas already there—it clicked into place. 
The birth of an idea! 

Another case. Let us say SF¢ eventually did not 
work out (for most ideas turn out to be worthless). 
On another occasion the chemist happens to glance at a 
table of properties of the rare atmospheric gases. It is 
his habit always to be trying to fit every new fact into 
something he already knows. One by one he considers 
the properties of these gases. He comes to xenon. 
Absolutely inert. Critical temperature 58°. A little 
low. Wouldn’t it be wonderful if one of the absolutely 
inert gases of the air could be turned to use as a re- 
frigerant, instead of the unstable, smelly, and often 
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dangerous organic compounds? Perhaps xenon does 
not fit in very well with his needs for a refrigerant, but a 
consideration of its properties may fit it in somewhere 
else. 

Or suppose our chemist is tussling with the problem 
of smoking hams or fish. He is out gunning to increase 
his store of knowledge about smoke. He reads about 
the heat decomposition of wood, and the composition 
of smoke and wood tar. He wonders about the effect 
of each constituent that comes to his attention—methyl 
alcohol, acetic acid, the cresols—he sees that formalde- 
hyde is present in considerable quantity. What 
effect can this have? To mind comes Sérensen’s 
formol method for amino acids, the effect of rendering 
proteins insoluble and tough—why, formaldehyde is 
used for tanning white leathers! It can’t be very good 
for meats. It will not only toughen but will destroy 
the flavorous amino acids. Now our chemist has 
tucked away somewhere in his mind an old fact that he 
has known for years, that ammonia combines with 
formaldehyde to make a neutral, inert, tasteless solid, 
hexamethylenetetramine. This old fact clicks into a 
perfect fit with the new facts about the effect of CH,O 
on meats. He injects ammonia in measured amount 
into the smoke, with an entirely new and very valuable 
result. Birth of a new idea! 

Now he goes farther. He spots pyrogallol among the 
constituents of smoke. A new bit of knowledge. He 
already knows that alkaline pyrogallol is oxidized to a 
brown stuff that stains the photographer’s fingers. 
Great! This is the coloring stuff in smoke. If we 
just put in enough more ammonia to neutralize the 
acetic acid and give a slight alkaline excess, we will get 
quick oxidation of pyrogallol and fix the color definitely 
and immediately. So, the new knowledge fits in with 
the old. 

Now he goes farther still. Wood smoke or tar is 
soluble in alkaline solution but is precipitated by acids. 
Smoke is strongly acid. If the ammonia is added in 
slight excess it will not only promote oxidation of 
pyrogallol but will make the smoke soluble so that it 
can penetrate the ham. One idea right after another! 

Everyone of the facts which constituted the ideas was 
old and recorded in the literature for decades. Nothing 
is new but the combination of old facts. But as long as 
they were merely in the printed book they were em- 
balmed and useless. Nothing could bring them to- 
gether. Once they arrived in the brain of the chemist 
they were ready to click together as new and valuable 
and brilliant ideas. 

But even if the chemist has these ideas or bits of 
knowledge in his head they are still useless, unless he is 
actively busy fitting them together. This is the final 
and absolutely necessary act of imagination. We all 
have facts in our heads that are stuck perhaps within 
adjacent brain cells within a millionth of a millimeter 
of each other. When somebody else fits them to- 
gether, we remark, ‘Well, for goodness sake, why didn’t 
I think of that?” 

No doubt most of you have read the extraordinarily 
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interesting paper by Platt and Baker on the scientific 
hunch.* I fancy that the arrival of the hunch, which 
is such a thrilling event in the chemist’s life, is noth- 
ing more than the clicking of two concepts in the chem- 
ist’s mind. All of the circumstances described by Pro- 
fessor Baker as favorable to the hunch—solitude, re- 
flection, toying with the problem—are also favorable 
to the collision of two bits of mental property. 

So, you see, the processes of creative imagination are 
not so mysterious, after all. Why can’t we teach it or 
develop it? Perhaps we can. The student’s mind 
must be charged with a large amount of knowledge, not 
in reference books, convenient and available, but actu- 
ally in the cells of his brain. It must be so firmly 
embedded in the mind that it sticks and does not 
promptly leak out. Perhaps we have gone too far in 
codifying scientific data in Chemical Abstracts, I. C. T., 
and Smithsonian Tables. These are excellent and 
necessary conveniences to research nowadays, but the 
student should not be allowed to think that he can be a 
creative chemist if he merely knows how to look up 
things in the indexes and card catalogs. He must 
know an enormous number of facts, and the teacher’s 
job is by Spartan force to make him get them and get 
them so they will stay. This part of the job we all 
admit can be done. But how to induce in the student 
the other essential, the habit of playing around with the 
bits of knowledge he has and attempting to put them 
together? Here is the real problem of developing 
imagination. Perhaps it will be sufficient to pose 
questions and problems, to make the student want to 
think up new things, and to commend and encourage 
him when he does. The thrill of new ideas is pleasant, 
so that a few experiences of the young creator should 
make him strive to have more of them. This question 
can be left to teachers as a problem to be solved, of 
which perhaps more than one solution can be found. 

The student must acquire habits of omnivorous read- 
ing, for new jig-saw pieces are acquired this way. 
Reading should not be confined to matter all of which 
the student can understand. About half of what he 
reads may well be over his head. It will raise questions 
which are beyond him at the time, but into which new 
facts will later fit. Reading, moreover, should not be 
confined to the narrow subject of the chemist’s spe- 
cialty, but should cover many fields of science, including 
always the titles, at least, of papers presented at the 
learned societies. It often happens that the idea taken 
from medicine or astronomy or geology may fit in per- 
fectly with something in the chemical laboratory. 

In high-school teaching, I used to assign occasional 
extra tasks as penalties or to occupy a student who 
was getting ahead of the class. One day I had to think 
up an assignment quickly. An Eimer and Amend 
catalog lay on my desk. I handed the catalog to the 
student and told him to write me an essay on all the 
ways he could find of measuring different quantities— 
length, mass, time, specific gravity, temperature, 


* Piatt, W. AND BAKER, R.A., “The relation of the scientific 
‘hunch’ to research,’”’ J. CHEM. Epuc., 8, 1969 (Oct., 1931). 
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etc.—and to figure them out from the pictures in the 
catalog. The student became intensely interested in 
the catalog, wrote an excellent paper, and, I dare say, 
still remembers some of the information gained thereby. 

Chemistry teachers might well consider as a challenge 
to their profession the possibility of developing im- 
aginativeness by direct teaching methods. I believe 
that the chances favor a great improvement in the 
teaching of chemistry by the deliberate attempt to 
develop students to imaginativeness. Even if the at- 
tempt should fail, the effort still would be worth while 
in compelling the students to know more. Most 
chemists know too little about chemistry, and far too 
little about the content of other sciences. Once I 
was setting up a rather elaborate precision potentiome- 
ter for temperature measurements with a thermocouple. 
My assistant was a graduate in chemistry from one of 
the larger state universities, and a master of science in 
chemistry from another. I asked him to make a con- 
nection of two wires while I was adjusting something 
else. When the instrument failed to respond to a 
closed switch, I inspected the connection he had made. 
He had twisted the two ends together with the insula- 
tion on, and protested that I hadn’t told him to scrape 
it off. This master of science in chemistry, with two 
beautiful Latin diplomas, did not seem to know that 
for electrical contact the bare metals must be brought 
together. 

We now come to the second important attribute of a 
good research chemist—what he does with his idea 
after he gets it. Here is one of the commonest weak- 
nesses of chemists. Most people, chemists included, 
prefer working with their hands to working with their 
brains. As soon as the new idea is generated, and en- 
thusiasm is all aglow and aquiver, the chemist usually 
hurries into the laboratory, sets up apparatus, buys new 
equipment and reagents, and begins to work with his 
hands, before he has really started on the headwork. 
Science has gone so far, and natural laws have been so 
thoroughly codified, that it is often possible to work out 
the new idea completely on paper before any laboratory 
work is done, but chemists all too frequently insist on 
rediscovering the laws of nature for themselves. 

Let us take up our example of SF, again. With the 
happy idea of using it for a refrigerant gas, the chemist, 
in a hurry to get going with some apparatus, may find 
where he can buy some SF, or, failing that, he sets to 
work to synthesize it from sulfur and fluorine so that he 
will have some of it to work with. Then, perhaps, he 
begins to measure its boiling points, or devises a pump 
in which to experiment with it as an actual refrigerant. 
This work is all premature. If, instead of beginning 
the experiment right away, he sits down at his desk and 
begins a systematic examination of his idea from the 
theoretical point of view he will progress more rapidly 
and more surely. First, he looks up what numerical 
data he can find. Let us say, he finds the boiling and 
freezing points at given pressures. He knows the mo- 
lecular weight from the formula and, incidentally, he 
should not have to look up the atomic weight of either 
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sulfur or fluorine to get the molecular weight. If he 
does, he is inadequately trained. How many of its 
properties can he determine from these given facts? 
Indeed, what facts must be known in order to decide 
whether it is a suitable refrigerant or not? Well, 
from the molecular weight he knows the gas density 
(and should not have to look this up in a book), and 
from that he can calculate how much gas would be 
handled by each stroke of the compressor. From 
Trouton’s rule he can compute the molecular heat of 
vaporization. From the Guldberg-Guy law he can 
approximate the critical temperature as 1.5 times the 
boiling-point temperature. He needs to know the value 
of C,/C, or the ratio of the heat capacity of the gas 
at constant pressure to that at constant volume, and 
he can get C, if he knows C, by subtracting 1.986 
calories. And soon. He soon finds himself buried in 
the thermodynamics of gases and confronted with the 
interesting question: ‘What elemental facts must be 
known as a basis for calculating all of the others, what 
are the formulas for their calculation, and which of the 
elemental facts have not yet been determined?” By 
settling these questions, he avoids rediscovering the laws 
and facts that have already been discovered before him 
by others. 

The chances are that he will find his idea exploded by 
calculations he can make from the already known 
data. If so, he has avoided the waste of time and the 
expense of experimentation, but if not, he then pro- 
ceeds to plan the minimum essential facts that he must 
determine experimentally so that he can compute the 
remainder. Before doing this he must make sure that 
the work has not been done before, or patented, for the 
time to search the literature and patent records is 
usually before the laboratory work has been done. If, 
as often happens, the idea falls down under theoretical 
examination, before any experimental work has been 
done, the project has been enormously worth while 
nevertheless, because in the critical examination of his 
project he has gone over again, under conditions of 
vivid interest, an important section of physical chemistry 
which he went over perfunctorily and uninterestedly 
in college and promptly forgot, or has acquired new 
knowledge to which he had no previous access. Even 
though his idea is a failure, his value as a research 
man is vastly increased because he expanded his knowl- 
edge and grasp of chemistry and physics in the critical 
study he made of the idea. It is difficult to say, there- 
fore, whether this thorough preliminary theoretical study 
of projects is more valuable in expanding the knowledge 
and value of the man or in preventing unnecessary and 
costly experiment. But since it has both effects, it 
should be a sine qua non of research; unfortunately, it 
is not. In fact, it seems to be a rarity. 

Another illustration, taken again from thermody- 
namics. A few years ago, I was reading casually 
about the Peltier effect—the thermoelectric effect of 
junctions of dissimilar metals, used in thermocouples, 
whereby heat may be directly converted into electricity 
or vice versa. It appeared that some experimenter had 
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frozen a drop of water at the junction of bars of bis- 
muth and antimony by driving an electric current 
through it. Ifa drop of water can be frozen, why not a 
ton, without any moving parts? So I began to read 
everything I could find about the Peltier effect, the 
Joule-Thomson effect, and other relations between 
heat and electric energy. I found that if I had avail- 
able all the current used in propelling the New York 
subway trains, to pass through a very low resistance, 
I could produce refrigeration. The project failed, 
and I did no experiments, but I learned about the 
Peltier effect, including a number of very interesting 
things I never knew before. 

There is a brief note in Science, by an anatomist, 
which describes a process of decalcifying bone for 
microtome sectioning without acids, by using a solution 
of a soluble magnesium salt, such as the citrate. Tri- 
calcium phosphate soluble in neutral or alkaline mag- 
nesium solutions? Where does this fact fit? What 
use can be made of it? Perhaps, we can think of no 
use just now. Clip out the note and paste it in the 
scrap book, some day I may need to know just this. 
Perhaps a year later the matter of calcium and phos- 
phorus assimilation from the soil by plants brings out 
the old idea from the clipping. Can magnesium in the 
soil promote the availability of tricalcium phosphate? 
Does the Mg in sea water hold the calcium phosphate 
in solution and available for the hard structures of 
living things? A theoretical study of mutual solubili- 
ties will expand the student’s knowledge even if he 
cannot directly profit by his effort. 

Project after project, idea after idea is generated. 
Most of them are failures, but each expands the chem- 
ist’s knowledge and usefulness, and if this habit is 
kept up, he rapidly grows in scientific stature. If ideas 
are numerous and each is analyzed thoroughly, a 
natural will occasionally come along which will reward 
the chemist abundantly and perhaps earn for him a wide 
reputation. 

The somewhat contemptuous attitude of practical 
people for what they call theory as opposed to practice is 
perhaps related more or less closely to the proneness of 
researchers to plunge into experiments on a little, but 
not enough, theory. Theory and practice, of course, 
should agree always; if they fail to do so it is often 
because of faulty theory, or insufficiently comprehen- 
sive theory. The young chemist may feel that he 
should not let theory run away with him; nevertheless 
the highest type of research is that which is guided by 
theory, of which there is too little rather than too 
much. Research that is not governed by well thought 
out theory is necessarily of a low order and usually of 
relatively slight value. 

On reading what I have written up to this point, it 
appears that perhaps I have been describing merely one 
style or policy of research—one that I happen to like. 
But what if the chemist is assigned a pressing problem, 
and there just aren’t any ideas? Or, where the mate- 
rials are complex mixtures, such as milk, or wood, or 
meat, which are beyond known exact laws? Here, of 
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course, systematic empiricism is the only method 
possible—the method of holding all factors but one 
constant and varying one at a time until the optimum 
results (sought) are obtained, whatever they may be. 
This involves little, if any, creative imagination, and 
little theoretical analysis, though perhaps good technic 
and enormous patience. Students should, however, 
clearly understand this mode of attack on problems, 
and when it must be used. 

The third attribute that may be desirable in research 
chemists is that they be practical. If they are to go in 
for pure science this attribute is of no significance; if 
they are to devote themselves to applied research a 
practical viewpoint is highly desirable if not essential. 
After all, this is principally the responsibility of those of 
us who hire them rather than of their teachers, except in 
courses in industrial or applied chemistry. Practicality 
is nothing much more than the ability to discern and 
apply the limitations of expense in business, to make the 
process sufficiently rugged and simple to be operated 
by ordinary workmen, and to resist the temptation to 
mix up interesting academic questions with the rather 
stern and sometimes prosaic demands of business and 
industry. Interesting and important academic or 
theoretical questions are constantly arising in indus- 
trial laboratories to tempt the researchers away from 
pressing problems. At the same time, teachers of 
graduate courses are sometimes put to it to think of 
good research projects for their advanced students. 
Why not arrange a service whereby the industrial 
laboratories could transmit to the colleges the impor- 
tant academic questions that arise? 

A few years ago we were in great need of a really 
precise method for determining fluorine. The pub- 
lished methods could not determine this element in 
sufficiently small quantities. The project was dropped. 
Why should not such problems be referred to college 
laboratories to be attacked by advanced students? 

In this field of practical research it is important to 
note that a well-balanced combination in one person 
of all three attributes mentioned—imaginativeness, 
thoroughness in theoretical analysis, and practical 
skill in carrying out the project—may be difficult to 
maintain. A highly developed imagination may gener- 
ate ideas of such frequency and luster that the re- 
searcher who generates them is unable to concentrate 
on the analysis or development of any of them. While 
he is trying to work out one idea, it begins to become 
stale, while new and fascinating ones come in for at- 
tention. Such researchers come to live for the daily 
thrill of a new thought, and are satisfied with these 
thrills without the satisfaction of solid accomplishment. 
They are prodigal in giving them away, for they come to 
feel that plenty more ideas are on their way. Perhaps 
teaching can do nothing to overcome this difficulty. 
Nevertheless, give us the man with ideas, even if he is 
unable to carry them out. In a properly organized 
industrial laboratory it is always possible to get com- 
petent plodders to carry out the brilliant fellow’s 
ideas. 
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It would be presumptuous of me to venture, with 
my exceedingly limited teaching experience, to discuss 
the actual technic of teaching with accomplished people 
who make teaching their daily work. But possibly 
here, too, some mysteries, such as talent or gift for any 
particular subject, may be analyzable with profit. 
Are some students naturally bent for chemistry, others 
not? Can we not explain such well-known phenomena 
somewhat as follows? A class of forty students begins 
on the same day in a course of chemistry. The course 
itself is arranged in logical order, each subject depend- 
ing to some extent on what has gone before. Now, if 
thirty-five of the students really get al] the subject 
matter of each assignment from the first day, the sub- 
ject of chemistry soon begins to be understandable, 
vivid, interesting. They feel that they are going 
somewhere, and accomplishing something. But the 
other five did not, from the very beginning, get it all— 
perhaps only very little, or none. The teacher does 
not detect this lag promptly, but, for one cause or an- 
other, permits, say, a month to pass before realizing 
that these five are not doing well. He then begins to 
apply pressure and make demands for better perform- 
ance. The students perk up and try a little harder—at 
the place in the course where the class now is. They 
miss the point entirely by not going back to the be- 
ginning, if that is possible, and laying the foundation 
which they failed to lay with the rest of the class. 
That is difficult and unlikely of success, and if at- 
tempted the thirty-five will still go on ahead of them. 
Under pressure they are unhappy and begin to be 
resentful or decide they have no talent for chemistry, 
dislike the smells, the teacher, and everything about 
chemistry, and will probably carry this belief through- 
out life. 

If I have correctly analyzed the case, it was not talent 
that was missing, but diligent effort from the very start, 
and a laying of the foundation. At least, that accords 
with my observation. Now, if this is true, then the 
most important part in a course is the first two or three 
weeks, to get every student started right. Take this, 
if you must, as a gentle intimation that the missing 
talent may be the teacher’s fault. 

To carry this thought a bit further: if students 
are rated in grades, say percentage marks, these marks 
are supposed to express the ability or accomplishment 
of the students. Why do they not also represent the 
proficiency of the teacher? If I assign a grade of 80% 
to a student, might I not say to myself, secretly, per- 
haps, that I was a 20% flunk on that student, and if I 
flunk the student, do I not also flunk myself as a 
teacher? 

To summarize, then: chemistry students do not 
know enough. They need to know more facts, to hold 
them in their heads rather than to know where they can 
be found and how to find them if they are wanted, so 
that they may be the raw material for new ideas. 
Chemists need to acquire the mental habit of fitting 
these ideas together, of cogitating the facts, turning 
them over and playing with them mentally, encouraging 
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new ideas to pop out of them. Chemists need to know 
more of the codified laws of their science, and of natural 
sciences generally, mathematical and otherwise. These 
generalizations are necessary to proper analysis of an 
idea before experimental work is done on it. Chemists 
need to make, as a matter of course, thorough theoretical 
analysis of their problems, and to aim at the ideal piece 
of research which can occasionally be achieved, as the 
complete job done on paper with no experimental work 
except physical verification or demonstration. As 
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science advances and natural laws are extended in 
more and more detail, this purely theoretical method 
becomes more and more possible, and applicable to 
more and more problems. Indeed, if a flight of 
imagination is here permissible, why may we not look 
forward to the.time when, given a set of properties 
that are required for a substance, the chemist may sit 
down at his desk and design a molecule that will 
have this combination of properties, as the engineer 
designs a machine to do the things he wants it to do? 





INTENSIVE STUDY FOR UNDERGRADUATES* 
V. F. PAYNE 
Transylvania College, Lexington, Kentucky 


six successive semesters with an independent unit 

of study lasting for two weeks. The freshmen 
during that time have the usual orientation work and 
an intensive study of the Bible and civilization. The 
latter course has been a freshman requirement for many 
years. The sophomores during the same time were 
given, for the first three semesters mentioned, courses 
in art appreciation, fulfilling a fine arts requirement for 
them. For the last three semesters they have, dur- 
ing this time, been given courses in vocations and 
avocations. It is planned that these courses will help 
a student choose his major studies more wisely. Dur- 
ing the same time juniors and seniors devote their time 
entirely to some course in a major-department. “Two 
semester credits (hours) for each course may be earned, 
and this is a part of the credit allowed for the entire 
semester. 

Several advantages result from using the early weeks 
of the semester in this fashion. There is no loss of time 
due to registration. Each student has a definite task 
and begins study on the first day of the semester. The 
selection of his diversified schedule may be made at 
any time during the two weeks. He may have more 
time for careful thought and more leisurely counsel 
from his adviser. The freshmen have the inspiration 
of the President’s teaching, since he wishes to spend 
this time entirely on the campus and could not carry 
a course through the entire semester. The sopho- 
mores are considering problems of a very personal 
nature—vocations, avocations, and major studies. The 
juniors and seniors are having an opportunity for two 
weeks each semester to try full-time work in the field 
which they intend for their life work. The major pro- 
fessor has an unusually fine opportunity to become 
acquainted with his own students. Every faculty mem- 
ber and student has felt the catalytic effect of a new 
approach to familiar tasks. The general features of 
this plan have been discussed in another paper.! 


We Siete COLLEGE has opened work for 


* Presented before the Division of Chemical Education of 
the A. C. S. at St. Petersburg, Florida, March 28, 1934. 

1 Payne, ‘‘The inauguration of a college plan,” Sch. & Soc., 
37, 254-5 (Feb. 25, 1933); ‘Transylvania College, intensive 
orientation courses,” Bull. Am. Assoc. Univ. Profs., 19, 281-2 
(Apr. 19, 1983). 


Since juniors and seniors are included in major 
courses a system of alternations involving four courses 
is required. In chemistry these courses have not been 
duplications or extensions of the courses most ordinarily 
taught. They are: chemical literature, applications 
of chemistry, instrumental methods of analysis, history 
of chemistry. 

In the course on chemical literature the monograph 
of Crane and Patterson? is used as a guide. Each 
student prepares a careful review of some aspect of 
chemistry in a form which he considers suitable for 
publication. 

In applications of chemistry an approach is made 
through a review of periodical literature and books, 
and accessible chemical plants and industries making 
applications of chemistry are visited. No conflicts 
with other classes exist, for the student is giving all 
his time to the one subject. 

Lacey’s* text and other sources suggest instrumental 
methods of analysis. Each student becomes proficient 
in one or more methods and helps direct the other 
students in making measurements on the particular 
instruments for which he is responsible. 

In the history of chemistry, periodical literature, 
books, and some original sources are available. The ef- 
forts of individuals are made available to all in seminar 
meetings. In addition to contributing to the general 
bibliography and incidental and interesting information, 
each student prepares one formal paper during the 
two weeks. The chemistry department of Transyl- 
vania itself has had a very interesting history and 
students are anxious to have a chance to study it. Our 
old library furnishes a rich source of historical material, 
especially in the sciences, and the present librarian is 
always pleased to codperate with real students. 

Other courses readily suggest themselves. Above all 
we have the feeling that students may enter a pro- 
fession or advanced study with great assurance if they 
pass through four such periods of intensive study with 
increased interest in the field most closely related to 
their future work. 

2 CRANE AND PATTERSON, “‘A guide to the literature of chem- 
istry,” John Wiley & Sons, Inc., New York City, 1927. 


* Lacey, “A course of instruction in instrumental methods of 
chemical analysis,’ The Macmillan Co., New York®City, 1924. 

















Sirk PANEL REpRESENTING A SCENE IN WEST LAKE, HANGCHOW 
The hill shown in the background (now known as Ko’s Hill) is that upon which Ko Hung lived for 


seven years doing his most important writing and experimentation. 


There is now a temple on the hill 


(not shown in the picture) which is dedicated to Ko Hung. 


KO HUNG (PAO P’U TZU), CHINESE 
ALCHEMIST of the FOURTH CENTURY 


TENNEY L. DAVIS 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


O HUNG (about 281-361 a.p.), Taoist philoso- 
pher, alchemist, and medical writer, is probably 
the most outstanding figure in the history of 

Chinese alchemy. He defended the Taoist doctrines 

at a time when they had not yet gained wide currency, 

and propagated them before Taoism had assumed a 

churchly organization. He was fond of magic, and 

occupies in the history of Taoism and Chinese alchemy 

a place similar to that of Paracelsus in the history of 

European science. 

The following is a translation by Dr. Lu-Ch’iang Wu 
of the account of Ko Hung which appears in the Lieh 
Hsien Ch’tian chuan (Complete Biographies of the 
Immortals). 


Ko Hung, a native of Chii-jung in Kiangsu, had a liking for 
learning while he was still a boy. His family was poor and he 
was obliged to chop wood in order to earn money for the‘purchase 
of writing materials. He studied at night and became a famous 
Confucian scholar. He had simple desires and was free from 


indulgences. Not being ambitious for either wealth or fame he 
led a hermit life. He was so determined in the quest for knowl- 
edge that he would traverse a thousand miles to attain his goal 
if necessary. He was especially fond of*the Tao of the Shen 
Hsien (the supernatural Immortals or Genii). 

Now, his great-uncle Ko Hstian had studied the Tao, had at- 
tained Hsien (had attained the state of a supernatural Immortal), 
and had transmitted his secret art of cultivation and compound- 
ing to his disciple, Cheng Yin. Ko Hung in turn studied with 
Cheng Yin and learned all his art. Later he studied with Pao 
Hstian, who was well versed in the Nuet Hsueh (Inner or esoteric 
Studies) and could divine the future. He thought highly of 
Ko Hung and gave him his daughter in marriage. Ko Hung 
inherited Pao Hstian’s work, and he also took up medical practice. 
He wrote brilliantly and with originality. 

In the reign of Chin Ch’eng Ti (326-342 a.p.) he was offered 
various government positions, but he invariably declined them 
pleading old age. He wished to compound the medicine for the 
extension of his life. He heard that the Chiao Chi country 
(Persia) produced tan sha (cinnabar) and so he petitioned for the 
office of the Ling (Magistrate) of Kou-lou. The Emperor re- 
fused at first on the ground that the office was beneath him on 
account of his attainments, but finally gave his consent when 
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Ko Hung explained that he wanted the office not for fame but for 
the tan sha which was available at the locality of the office. And 
so Ko Hung started for Kou-lou with his family. On their way 
they were detained by the Governor of Canton. Here Ko Hung 
stayed, living in the Lo-fo mountain where he worked on the 
compounds of the medicine. Seven years did he spend at the 
place, leading a leisurely life and writing profusely. 

Seeing that scholars of the time esteemed only the teachings of 
Chow Kung and Confucius and disbelieved in things Shen Hsien, 
not only laughing at the latter but also putting the Chen Yen 
(True Sayings, Taoist teachings) to disrepute, he wrote the 
Inner and Outer Chapters for their enlightenment, under the 
name of Pao P’u Tzu, in one hundred and sixteen chapters. 

One day Ko Hung addressed a message to the Governor of 
Canton stating that he would shortly start on a long journey in 
search of worthy teachers with whom to study. The Governor 
made haste to pay him a farewell visit. On that very day Ko 
Hung sat until noon when he died at the age of eighty-one. He 
appeared only to have gone to sleep. When the Governor ar- 
rived he was already dead. Although dead, he looked alive and 
his body and limbs were soft. Upon being placed in the coffin, 
the body disappeared leaving the clothing behind it. 

In the T’ang dynasty, one Tsut Wet met an aged woman 
beggar at the Kai Yuan Tsu monastery in Nanhai who told 
him of her ability to cure goiters and gave him the medicinal herb, 
I. He later came to the knowledge that she was Ko Hung’s 
wife. 

It was not customary for a Chinese alchemist to 
give instruction in the art to a member of his own 
family. Ko Hung therefore learned from his great- 
uncle, Ko Hsiian, not directly but through the inter- 
mediary, Cheng Yin. Ko Hstan had learned from 
Tso T’zu about 220 a.p., and Tso T’zu is supposed to 
have been instructed by a deity in the early years of 
the third century. Tso T’zu passed on to Ko Hung’s 
great-uncle three books, The Alchemy Book of the Great 
Clear One, The Alchemy Book of the Nine Tings (Tri- 
pods or Furnaces), and The Gold Juice Alchemy Book. 

Ko Hung’s pseudonymous Pao P’u Tzu* is part of 
the Taoist canon. The text occupies six volumes or 
fascicles of the Collected Taoist Classics recently 
published by The Commercial Press, Ltd., Shanghai. 
It consists of two parts, each occupying three volumes; 
the ‘‘Outer Chapters,’’ Wai-p’ien, in fifty books, which 
deal with matters of politics and government from the 
Confucianist point of view, and the ‘‘Inner Chapters,” 
Nei-p’ien, in twenty books, which treat of the immor- 
tals, alchemy, charms, exorcisms, etc. 

Johnson quotes from Pao P’u Tzu directions for the 
preparation of the pill of immortality. 

Take three pounds of genuine cinnabar, and one pound of white 
honey. Mix them. Dry the mixture in the sun. Then roast 
it over a fire until it can be shaped into pills. Take ten pills of 
the size of a hemp seed every morning. Inside of a year, white 
hair will turn black, decayed teeth will grow again, and the body 
will become sleek and glistening. If an old man takes this medi- 
cine for a long period of time, he will develop into a young man. 
The one who takes it constantly will enjoy eternal life and will 
not die. 

Another quotation from the same work suggests 
that Pao P’u Tzu confused red lead with cinnabar. 


Whiteness is the property of lead. But if you cause it to be- 





* This name has been translated Old Sober-Sides, but Dr. Wu 
considers that it has no satirical intent and would be better 
translated solemn-seeming philosopher. The gentle smile in the 
portrait which is reproduced herewith perhaps indicates its real 
intent. 
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come red, the lead will change into cinnabar. Redness is the 
property of cinnabar. But if you cause it to become white, 
the cinnabar will change into lead. 


Edkins has argued that Chinese alchemy arose out 
of the fantastic side of Taoism and has supported his 
arguments, in part, by quotations from Pao P’u Tzu, 
which, he says, ‘“‘contains an accurate account and 
obstinate defense of the system’’ as it existed in Ko 
Hung’s time. The excellence of the translation, the 
inaccessibility of the Transactions in which it is pub- 
lished, and the general paucity of material on Chinese 
alchemy make it worth while to reprint here in extenso 
that portion of the translation which relates especially 
to alchemy. 


We often hear the golden elixir spoken of, but people do not 
talk of it as being attainable in our own time; they all say that 
the genii of olden times only were acquainted with the elixir. 
Now the reason of this incredulity is, that in the current recipes 
for it, many errors and deficiencies exist. Formerly, Tso-yuan- 
fang (Tso T’zu), after meditating profoundly, was accosted by a 
spiritual being, and presented by him with the “‘Book of the Elixir 
of Immortality” (Chiu-tan-hsien-ching). When the Han dynasty 
was falling, he withdrew from the troubles that then agitated 
the world to a mountain retreat. His pupil was my instructor, 
and from him I received several works on the elixir; others 
therefore have had no such advantages as I for knowing the 
secret of this preparation. For more than twenty years it has 
been in my hand. Alas! I could only lament, being poor, the 
want of means to make trial of it. Corn supports the life of the 
people; without it they die Of how much more value must 
this wonderful medicine be! The golden elixir, the longer it is 
subjected to the action of fire, passes through transformations 
more and more remarkable. Gold when it is melted never di- 
minishes; if buried in the earth, however long, it never rots. 
By taking these two substances as medicines, the human body 
may also be protected from decay, and acquire immortality. 
It is to external things that we must look for a preservation of 
lifc, just as by pouring oil on fire we increase its activity and pre- 
vent its destruction. 

I write for those who have sought in vain for a teacher who 
could communicate to them the highest form of wisdom; for 
them I transcribe some parts of the works I possess on the golden 
elixir... . When vegetable matter is burpt, it is destroyed, but 
when the fan sha (cinnabar) is subjected to heat, it produces 
mercury. After passing through other changes, it returns to its 
original form. It differs widely therefore from vegetable sub- 
stances, and hence it has the power of making men live forever, 
and raising them to the rank of the genii. He who knows this 
doctrine—is he not far above common men? In the world there 
are few that know it, and many that cavil at it. Many do not 
even know that mercury comes out of cinnabar. When told, they 
still refuse to believe it, saying that cinnabar is red, and how can tt 
produce a white substance? They also say that cinnabar is a stone— 
that stones when heated turn to ashes; and how then can anything 
else be expected of tan sha?t They can not even reach this simple 
truth—much less can it be said of them that they have been in- 
structed in the doctrine of the genii. . . . For the sake of those in 
these later times who should be willing to be taught, the sages 
of antiquity transmitted a method by which they might be freed 
from death and misery. Is it too much to make a trial of this 
method? If you should gain thereby only two or three centuries 
of life, would not this slight addition to your existence be far 
better than the fate of the mass of mankind? Many fear to 





t We have italicized this passage in order to direct attention 
to it, for it seems to us, better than any piece of writing with which 
we are acquainted, to convey succinctly the idea of the mystery 
and fascination of chemistry. Dr. Rokuro Nakaseko has repro- 
duced it in the original Chinese on the double page which follows 
the title-page of his Kindat Kwagaku-shi (History of Recent 
Chemistry), Kyoto, 1928. 
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attempt seeking after immortality, lest they should fail and ex- 
pose themselves to ridicule, as the victims of folly and deception. 
But if they should resolve at all risks, to obtain only this doctrine 
of immortality for the benefit of mankind, and succeed in it in one 
instance, would not those who had laughed be themselves de- 
servedly laughed at? 

The medicine should be prepared on a mountain, in a lonely 
spot, only two or three being present. There should be fasting 
for one hundred days previously, and perfect purification of the 
body. The parties should be all believers in the doctrine; and 
persons who would ridicule the undertaking, should be kept in 
ignorance of it, otherwise the preparation of the elixir would 
fail. When it is made, the successful manipulator will, with all 
his family, become immortal. Common men refuse to adopt 
this method, preferring to use medicines which are vegetable sub- 
stances, forgetting that being subject themselves to decay and 
destruction when placed in the earth or near a fire, they can not 
give life to man. The nine preparations that can confer im- 
mortality on man are not what persons of the common stamp 
should ever see or hear of. Stupidly they seek after riches and 
honors, and these alone. Like walking corpses, they pass through 
the world. 


This passage is followed by a description of the nine 
preparations, which Edkins summarizes but does not 
translate at length. Alum, quicksilver, sodium sulfate, 
potash, and oyster shells‘are among the substances 
which are used. In another section Pao P’u Tzu 
enumerates several substances which may be regarded 
as materials for the elixir of immortality. Cinnabar, 
he says, is the most efficacious, gold second, silver 
third, and the fourth is a plant, ling ché, which confers 
everlasting happiness. He names various precious 
stones, medicines, and vegetable products, seventeen 
in number, which are effective elixirs of immortality, 
but not all of them are effective in the same degree. 

Other passages from Ko Hung have been quoted by 
Martin. 


I formerly thought that the Taoist mystery was intended to 
delude simple folk, and that there was nothing in it but empty 
words; but when I saw the Emperor Wu subject Tso T’zu and 
others to a fast of nearly a month—their complexion continuing 
fresh and their strength unabated—I said there was no reason 
why they should not extend the fast to fifty years. 

Another Taoist, Ka Shih, placed a number of fish in boiling 
oil; some of them having first swallowed a few drops of an elixir, 
swam about as if they were in the water, the others were boiled 
so that they could be eaten. 

Silkworms taking the same medicine lived for ten months; 
chickens and young dogs taking it ceased to grow; and a white 
dog on taking it turned black; all of which shows that there are 
things in heaven and earth surpassing our comprehension. 
Would that I could break the fetters of sense and give my whole 
heart to the pursuit of the elixir of life. 


Ko Hung distinguishes two sorts of elixir for the at- 
tainment of immortality. The preparation of the first, 
the Golden Cinnabar, requires a variety of ingredients 
which may be procurable in times of peace but be- 
comes impossible when war interrupts communications. 
That of the second, the Gold Juice, is much simpler 
but more expensive. Ko Hung reckons that it costs 
50,000 cash to make an Immortal by means of it. He 
makes sharp distinction between the preparation of 
elixirs and the art of Huang Po (Yellow and White) 
or the art of transmuting base metals into gold and 
silver without respect to the attainment of better 














health, longevity, or immortality. His teacher, Cheng 
Yin, practiced Huang Po with Tso’ T’zu, without a 
single instance of failure, and changed iron as well as 
lead into silver. 

In an interesting passage, quoted by Waley, Ko 
Hung says: 

Even a doctor, when he is compounding a drug or ointment, 
will avoid being seen by fowls, dogs, children, or women... lest 
his remedies should lose their efficacy. Or again, a dyer of 
stuffs is in dread of evil eyes; for he knows that they may ruin 
his pleasant colors. * 


“Nowhere in Pao P’u Tzu’s book,” says Waley, 
“do we find the hierophantic tone that pervades most 
writings on alchemy both in the East and in the West. 
He uses a certain number of secret terms, such as ‘metal- 
lord’ and ‘river chariot,’ both of which mean lead; 
and ‘the virgin on the river,’ which means mercury; 
‘the red boy,’ which presumably means cinnabar; 
and finally ‘the golden (? metal) man,’ of ‘uncertain 
meaning. But his attitude is always that of a solidly 
educated layman examining claims which a narrow- 
minded orthodoxy had dismissed with contempt. 
He condemns those who are unwilling to take seriously 
either ‘books that do not proceed from the school of 
the Duke of Chou or facts that Confucius has not 
tested.’ ”’ 
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Ko Hung was a voluminous writer. His most im- 
portant work, Pao P’u Tzu, seventy books, probably 
dates from about 317-323 a.p. His Shen Hsien Chuan, 
evidently somewhat later, consists of ten books and 
describes the lives of eighty-four genii or Hsien. He 
wrote a large collection of medical recipes, Chin kwet 
yao fang, 100 books; literary works, legends, funeral 
orations, poems, etc., 100 books; fragments relating 
to his official business, thirty books; and treatises qn 
the classics, historians, and philosophers, 310 books. 
The Taoist canon also contains a number of shorter 
tracts on hygiene, medicine, alchemy, and magic which 
are ascribed to him, some of them wrongly as Forke 
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believes. The history of the Chin dynasty, which 
contains his biography, praises his extraordinary learn- 
ing which was without equal. His writings are deep 
and very critical, and richer in content than the 
historical writings of Ssu-ma Chien and the Pan 
Ku. 

Ko Hung was Confucianist in his ethics and in his 
outlook toward life, Taoist in his metaphysics and in 
his view of nature. Like Paracelsus he was as keenly 
devoted to magic as any of his contemporaries, but, 
like him also, hard-headed for all his credulity, he was 
an experimentalist who possessed an extensive knowl- 
edge of the powers and possibilities of nature. 
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AN OXIDATION-REDUCTION SCALE 


EDWIN S. HODGE 
Davidson College, Davidson, North Carolina 


THE CONCEPTION of oxidation and reduction as 
applied to the change in valence states is difficult for 
some students in both the beginning and analytical 
chemistry courses to grasp. The writer has found the 
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accompanying chart a help in explaining this funda- 
mental principle of inorganic chemistry. 

A few of the more important elements having several 
valences have been shown on the chart. An element in 


its free state with a zero charge is placed on the zero 
line. At other proper points the element is noted with 
the number of charges which it carries in its most com- 
mon compounds. We have quite a few elements with 
four or five states when the zero state is included, and 
certainly this state should be counted. The table is 
by no means complete or exhaustive, but is only given 
here as a suggestion of one method of approach in teach- 
ing this principle. 

Any movement upward on the scale, regardless of 
what the change may be, is oxidation. Likewise any 
movement downward, regardless of the position, is 
called reduction. Take, for example, the element 
sulfur. In its free state it has zero valence, while in 
the compound H,2§ it has the valence of minus 2. The 
reaction of H2S with KMnQ, will give precipitated 
sulfur in the free state, hence oxidation is the result. 
If free sulfur is treated again, by burning, for instance, 
SO, will be the product, and we have further oxidation, 
the sulfur acquiring a valence of plus 4. If on further 
treatment SO; is formed from SOs2, the valence of sul- 
fur becomes plus 6. In many cases the changes here 
indicated are well-known reactions either in the lab- 
oratory or in industrial processes. Other elements 
could have been used, but those listed were taken as 
perhaps the most representative of each group. 
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FILING SMALL PRINTED 
ITEMS jor REFERENCE 


A. P. SY 
University of Buffalo, Buffalo, New York 


UCH of the professional man’s daily mail is 
second class, and much of this finds its way into 
the wastebasket sooner or later, usually sooner. 

But this second-class mail also includes many items that 
have a value which warrants their preservation for 
future reference. Among these items are reprints, 
pamphlets, monographs, catalogs, clippings, reports 
and bulletins of government bureaus, experiment sta- 
tions, hospitals, universities, research organizations, and 
the like. : 

Most of us know something about the Dewey and the 
Library of Congress systems of classification and in- 
dexing. But if we were to attempt to use either of 
them to index our second-class mail, the latter would 
probably be hidden or lost as effectively as if it had been 
put into the wastebasket in the first place. I have tried 
it and know. 

The following scheme, which I have used for years, 
is simple, inexpensive, and efficient. It is much less 
complicated than the description might indicate, and 
it makes the items indexed instantly available. 

The equipment required is inexpensive, as follows: 

1. Ordinary book-shelf space. It need not be in a 
bookcase; plain shelves, tops of desks or any other 
convenient place may be used. 

2. Regular library index cards, and any convenient 
case or drawer for filing them. Index filing cabinets or 
outfits can now be bought very reasonably. 

3. A small rubber stamp with your name and the 
abbreviation ‘“‘No.” (for number). My stamp looks 
like this: 





SY-No: 











Most items to be filed are published with a serial 
number and it is necessary to give them your own 
numbers. 

The plan for filing is as follows: 

1. Collect or lay aside the items you think should 
be preserved and filed. Clippings or single leaf items 
may be placed in envelopes or pinned to heavy paper. 

2. About once a month the accumulated items are 
stamped in the upper left-hand corner of the front page, 
and given consecutive numbers. 

8. After the items have been numbered make one 
or more index cards for each item according to its 
nature and title. Cross-indexing will syggest itself 
according to your own interest in the item indexed. 


When more than one card is made for an item, each card 
of course must be given the same number which appears 
on the item. 

4. File the index cards alphabetically, and file the 
items on the shelf in numerical order. 

To illustrate, let us index the following items. 

“Thermit mill and foundry practice’’—a descriptive 
catalog containing interesting data on thermit and its 
uses. The upper left-hand corner is stamped and num- 
bered 1. The title of the item is written or typed on a 
library card and the latter stamped and numbered 1. 

“Nutritive value of evaporated milk’—circular 
issued by the Evaporated Milk Association. Stamped 
and numbered 2. Title written on a library card 
and numbered 2. 

“Analysis and composition of California lemon and 
orange oils.” Technical Bulletin of the U. S. Depart- 
ment of Agriculture, No. 241. Stamped and numbered 
3. This item will require two index cards, one for 
“Lemon” and another for “Orange.” Each card is 
numbered 3. 

“Tests of various aliphatic compounds as fumi- 
gants”—U. S. Department of Agriculture Technical 
Bulletin 162. Stamped and numbered 5. One card 
(Fumigants). 

“Electronic interpretation of oxidation and reduc- 
tion,” W. A. Noyes, reprint, J. Am. Chem. Soc.— 
Stamped and numbered 6. Two cards: Electronic, 
and Oxidation and reduction. 

“Polyneuritis from tricresyl phosphate’ (Jamaica 
Ginger Paralysis Cases). Stamped and numbered 7. 
Three cards: Polyneuritis, Tricresyl, and Jamaica 
ginger. 

We have now indexed six items, and have made 
ten cards. The items are placed on the shelf in 
numerical order, and the cards dre filed alphabetically. 
Later, when looking for information on Jamaica ginger, 
we look under “J” and find that we have a reprint 
on that subject numbered 7 in our collection. In- 
formation on orange oil can be found in item No. 3. 

As the index grows there may be a number of refer- 
ences on the same subject. For example, orange oil 
may have half a dozen cards, each referring to a differ- 
ently numbered item. Since the items are arranged 
numerically they can be quickly located. 

Unlike books on library shelves, our collection of 
items grows only in one direction. This obviates con- 
stant rearranging of shelves. 

Items and the corresponding index cards which are no 
longer considered of value or interest, can be easily 
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removed. It is not necessary to replace them by new 
items and cards. 

In numerical arrangements items are not easily mis- 
placed. If they are misplaced, the errors are quickly 
detected and corrected. 

The system can be expanded to the limit of shelf 
space available. My own collection now contains 1410 
items, occupying 14 feet of shelf room, or about 100 
items per foot. 
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If time is available, the index may be made more 
informative by an abstract on the title card. Some- 
times the items are so small that they can be pasted on 
the index card. This is especially true of clippings. 
Under these circumstances the items are not num- 
bered, and of course are not shelved. Other modifica- 
tions or additions will suggest themselves when the 
scheme is used with different items or for different 


purposes. 





THE CLEVELAND MEETING OF THE DIVISION OF CHEMICAL EDUCATION 


THE FINAL PROGRAM of the National Conven- 
tion of the American Chemical Society to be held in 
Cleveland, September 10-15, 1934, will appear in the 
August 20th News Edition of Industrial & Engineering 
Chemistry. 

The Hotel Cleveland will be headquarters. The 
registration fee for members of the A. C. S. and for 
non-chemist guests will be $3.00; for all others it will 
be $8.00. 

A program of general papers will be held Monday 
afternoon, followed by a subscription dinner and the 
President’s address. ' 

Tuesday morning and afternoon, Wednesday morn- 
ing and afternoon, and Thursday morning will be 
devoted to meetings of the various divisions of the 
Society. A smoker and entertainment Tuesday even- 
ing, an orchestral and choral concert on Wednesday 
evening, and visits to plants on Thursday afternoon 
and all day Friday combine to make the program 
unusually attractive. 

The program of the Division of Chemical Education 
will occupy four half-day sessions—all in the Hotel 
Cleveland, Room D, where the Luncheon on Wednes- 
day noon also will be held. 


TUESDAY, SEPTEMBER 11TH 


T. H. HazLenurst, Jr. AND W. H. KELLEY, Jr., 
Lehigh University, ‘“Demonstration of Statistical 
Distributions.” 

T. H. HazLenorst, Jr.,; Lehigh University, ‘‘Demon- 
stration of Vibrating and Vibrating-rotating 
Molecules.” 

T. H. Haz_enurst, JR. AND Harvey A. NEVILLE, 
Lehigh University, ‘“New Models of Old. Mole- 
cules.”’ : 

RicHarp F.. Rosey, The Ohio State University, 
“Molecular Models in Inorganic Chemistry.” 

O. M. Smitu, Oklahoma A. & M. College, anv 
B. CiirForp Henpricks, University of Nebraska, 
“Service Values of Chemistry Tests.” 

HERBERT L. Davis, Westminster College, ‘‘Com- 
modity Testing Projects.’ 

Eart W. PHELAN, The Georgia State Women’s 
College, ‘‘A Survey Course in Physical Science.’’ 

HERSCHEL Hunt, Purdue University, ‘‘Demonstra- 


tions as a Substitute for Laboratory Practice in 
General Chemistry.” 

JESSE E. Day, The Ohio State University, ‘‘Univer- 
sity Recognition of Proficiency in High-school 
Chemistry.” 

ARTHUR GUILLAUDEU, Swift and Co., “Evening 
Instruction for the Chemist in Industry. The 
Chicago Plan, II.” 

Ira D. Gararp, New Jersey College for Women, 
“The Organization of Ideas in General Chem- 
istry.” 

WittramM M. Brancuarp, DePauw University, 
“Bridging the Chemistry Gap between College 
and University.” 

Luminol Demonstration by members of the Chem- 
istry Staff, The Ohio State University. 


WEDNESDAY, SEPTEMBER 12TH 
Symposium on Modernizing the Course in General Chemistry 


A.M. 
9:00 14. Norris W. RaKxestraw, Brown University, ‘“Intro- 
duction.” 

9:05 15. E. A. Witpman, Earlham College, ‘‘The Need of 
Modernizing the General Course.” 

SauL DusuHMANn, General Electric Co., ‘“Elementary 
Applications of the Quantum Theory.” 

Kart K. Darrow, Bell Telephone Laboratories, 
“Nuclear Chemistry.” 

W. CoNaArRD FERNELIUS AND RICHARD F. ROBEY, 
The Ohio State University, ‘‘The Nature of the 
Metallic State.” 


9:50 16. 
10:35 17. 
11:20 18. 


P.M. 

12:15 Division Luncheon 
2:00 ARTHUR W. Davinson, The University of Kansas, 

“Solutions of Electrolytes.” 

2:45 ManrtTIN KILPATRICK, JR., University of Pennsylvania, 
“Acids, Bases, and Salts.” 

THomas P. McCutcHeon, University of Pennsyl- 
vania, ‘‘Electro-valence, Co-valence, and Co- 
ordination.” 

Joun A. Tru, Yale University, ‘‘The Kinetic 
Molecular Theory and Its Relation to Heat 
Phenomena.” 


3:30 


4:15 


THURSDAY, SEPTEMBER 13TH 


Cuas. W. STILLWELL, Dennison Mfg. Co., “Crystal 
Chemistry.” 

C. C. Srerrens, Mass. Institute of Technology, 
‘Reaction Mechanisms.” 

C. R. Hoover, Wesleyan University, ‘‘Experiences 
in Modernizing the General Course.” 

ELBERT C. WEAVER, Bulkeley High School, Hartford, 
Conn., ‘“‘Experiences in Modernizing the Intro- 
ductory High-school Course.” 

Round Table and Business Meeting 





The MICRO-DETECTION of 
GASES and VAPORS 


EUGENE W. BLANK 


The Colgate-Palmolive-Peet Co., Jersey City, New Jersey 


HE correct identification of a gas, provided a 

macro sample is available, offers little difficulty 

to the experienced analyst. However, a search 
of the microchemical literature reveals that little em- 
phasis has been placed upon the more difficult identifi- 
cation of micro volumes of gases. 

Emich (1, 2) describes a so-called “gas chamber”’ 
in which may be suspended drops of reagent to be 
acted upon by a gas evolved within the chamber. 
Chamot (3) goes into greater detail giving a description 
of an apparatus and mode of procedure in determining 
the identity of a gas or vapor by its use. Essentially it 
consists of a small gas generator connected to a long, 
capillary tube. Fragments of solid reagents are placed 
in the latter and observed under the microscope as the 
gas passes over them, or the gas can be made to pass 
into a drop of reagent in which a reaction may be pro- 
duced. 

The writer has devised an apparatus of great appli- 
cability to a wide number of tests calling for various ex- 
perimental conditions. Figure 1 shows a small gas 
generator connected to a 
gas chamber in which 
may be suspended a drop 
of the absorbing com- 
pound which is being 
used to determine the 
nature of the gas issuing 
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FIGURE 1.—APPARATUS FOR THE DETECTION OF AN 
EvoL_vep Gas 


from the generator. The drop may be suspended 


from a cover glass or a platinum loop. In the former 
case, after a short interval, the cover glass is removed, 
inverted, and the drop of liquid examined under the 


microscope either directly or after the addition of a 
suitable reagent. The formation of a characteristic 
precipitate may often be observed under the micro- 
scope without uncovering the gas chamber. A loose 
wad of cotton is placed at (B) to prevent the mechanical 
carrying over of material from the generator (D). If 
the generator is to be subjected to a high temperature, 
as is the case in the amalgamation test for Hg, the 
cotton is replaced by asbestos. In arsine tests the 
cotton is saturated with lead acetate solution and dried 
before use. The generator may be heated with a micro- 
burner to effect the decomposition of the material being 
tested. 

The rubber bulb is surmounted by a screw clamp so 
that the tip of the capillary (G) may always be kept 
full of liquid, thus preventing escape of gas from (D) 
into (G). A small glass tube (Ff) may be used to hold 
strips of test paper, or discs of test paper, if moistened, 
may be made to adhere to 
the under surface of the cover 
glass closing (A). If the gas 
to be tested is lighter than 
air the tip of the capillary 
is turned upward; if heav- 
ier than air a modified tube 
shown in Figure 2 can be used. rf. 

In cases where the gas cham- Pantie o-atinebii 
ber is closed with a rubber Tyger tro Hop TEST 
stopper as in the use of test PAPERS WHEN THE 
papers the capillary (H) is eee gaia: 
loosely inserted at (EZ) to : ; , 
; (H) is capillary, (T) is 
prevent excessive pressures test paper, (F) is glass 
from developing in the ap- _ tube. 
paratus. A drop of water ‘ 
may be placed in the bottom of (A) to prevent the 
test papers from drying out during the test, or drops 
of reagents serving to intensify the test may be 
added. 

Figure 3 shows a gas chamber which may be used 
in pressure or vacuum work. It can also be used as a 
vacuum micro-desiccator by closing (C) and exhausting 
through (A). In such use a suitable desiccant is placed 
on the lower slide and the material to be dried is sus- 
pended from the top slide. For pressure work the 
slides (B) must be held together by rubber bands. 
The apparatus may be warmed by placing on a steam 
bath or aluminum block heated by means of a micro- 
burner. A stopcock barrel serves admirably as the 
cell of this form of gas chamber. The two ends of the 
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barrel are ground down with coarse emery and finished 
off with fine emery paper. The cell may be attached 
to the slides forming top and bottom by a heavy stop- 


cock lubricant, or the lower slide may be permanently 
attached to the chamber by means of Canada balsam. 
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FIGURE 3.—VacuUM APPARATUS FOR THE DETECTION 
OF AN Evo_vep Gas 


In use this cell is exhausted through (A) which is 
then closed with a clamp. The gas is generated in a 
generator similar to that shown in Figure 1 with the 
exception that a cut-off buret is used in place of the 
capillary (G) and bulb (C). A drop of the liquid re- 
agent or a moist test paper is placed on the top slide, 
the cell is exhausted through (A), and the clamp is 
tightened, after which acid is added to the generator 
by opening the buret tap. If the gas to be evolved is 
liberated by the interaction of solid reactants the buret 
may be dispensed with and the generator heated with a 
micro-burner to produce the gas. Or, if the test so 
requires, drops of Bre, NH,OH, etc., may be placed on 
the bottom of the cell and vaporized by exhaustion. 
By using an evacuated test chamber the sensitivity of 
the various tests is considerably increased. 

The advantages of this form of a gas chamber and 
generator are numerous and worth mentioning. The 
small volume of the generator permits a very small 
volume of gas to reach quickly the outlet of the capil- 
lary (H) and this, combined with exhaustion as in the 
use of the apparatus shown in Figure 3, enormously 
increases the sensitivity of the test. The position of 
the side arm of the generator permits heavy gases to 
flow readily into the capillary. Manipulation of the 
apparatus is rapid and easy. Breakage is limited to 
the capillary (H) which is a small item. Connection 
of the capillary and generator at (J) by means of rubber 
tubing allows of easy insertion of solid reagents if it is 
desired to observe the capillary under the microscope 
while at the same time cotton, glass wool, or asbestos 
is readily inserted in (B). For extended tests involving 
the use of test papers the latter may be kept moist by a 
drop of water placed in the gas chamber, or drops of 
reagents that intensify a test may replace the water. 
The drop of test reagent may be placed on the lower 
slide or bottom of the cell and the capillary tip inserted 
into the liquid if desired. In short, this apparatus 
allows of an exceptional number of experimental condi- 
tions to be realized quickly and readily. 


JoURNAL OF CHEMICAL EDUCATION 


Many of the macro tests involving gases can be 
readily adapted to micro treatment. Such tests are 
given in various of the qualitative analysis manuals 
(4, 5, 6, 7) to which reference may be made for a de- 
tailed description. 

Carbon dioxide may be detected by hanging a drop 
of Ca(OH)2, Ba(OH)2, or ammoniacal solution of lead 
acetate in the gas chamber. The latter reagent is very 
sensitive. In performing this test it should be borne 
in mind that carbonates of the alkaline-earth metals 
are converted to soluble acid carbonates by an excess 
of CO, and it is possible to miss the test due to this 
cause. Warming the hanging drop will cause it to 
effervesce with escape of CO: and reprecipitation of 
the normal carbonate. Warming may be accom- 
plished by removing the gas chamber from the micro- 
scope stage and flaming with a micro-burner. 

HCN can be detected by test paper moistened with a 
solution of benzidine acetate and cupric acetate. 
On exposure to HCN the paper turns blue. How- 
ever, this isa very misleading test and apparently the 
reaction is not specific (8). Pertusi and Gastaldi (9) 
claim that the test is specific in the presence of Nae- 
HPO,. It is preferable to absorb the HCN in a drop of 
AgNO; solution with subsequent examination for 
crystals of AgCN. The material to be tested is placed 
in the generator, several drops of dilute H2SO, (1:1) are 
added, and the generator is warmed gently. The AgCN 
forms as tiny, highly refractive, short, stout prisms or 
rods, or sheaves of very slender needles. A magnifica- 
tion of 150 to 200 is satisfactory for the examination. 
Chamot (10) mentions the use of (NH)2S as an absorb- 
ent for the HCN. After the absorption has continued 
a short time remove the hanging drop and evaporate to 
dryness with gentle heat. Add a drop of FeCl; solu- 
tion which will result in the formation of blood red 
Fe(SCN); if HCN has combined with the (NH,)2S to 
give NH,SCN. 

Fluorine is detected by the turbidity produced in a 
drop of water by silicon tetrafluoride that has been 
formed by the action of H2,SO, on a dry mixture of a 
fluoride and powdered silica or silicate. The turbidity 
is caused by silicic acid (11). Fluorides can also be 
tested for by causing SiF, to react with (NH,)2MoO,, 
whereby a yellow color is produced. 

To detect NH; the sample under test is warmed with 
solid KOH and a drop of water and any liberated am- 
monia is detected with Nessler’s reagent (12). If the 
amount of NH; in the sample is at all appreciable the 
use of the generator test is needless. A blank should be 
run on the KOH and H20. 

The detection of small amounts of mercury in certain 
solutions can be effected by reduction with powdered 
copper and subsequent amalgamation on gold foil 
(13, 14). To detect small amounts of mercury add a 
small quantity of powdered copper to the solution of 
the sample acidified with HCl. After it is judged re- 
duction is complete, filter the solution through a micro- 
filter and transfer filter and copper to the generator. 
A thin strip of gold leaf is placed in the capillary tube 
and the generator is heated strongly with a small flame. 
The generator is closed with a stopper protected with 
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asbestos paper or preferably by means of a tightly rolled 
strip of asbestos. Minute quantities of mercury pro- 
duce a bright silver amalgamation of characteristic ap- 
pearance on the gold foil. 

H2S is most readily and commonly detected by the 
use of test papers moistened with lead acetate solution. 
A drop of NH.OH on the paper or the use of NazPbO; 
in place of lead acetate apparently increases the delicacy 
of the test (15). The sample under test is warmed with 
dilute H2SO, (1:1). 

SO, turns a mixture of iodic acid (HIO;) and starch, 
violet to blue. According to Eegriwe (16), if zinc 
nitroprusside is exposed to ammonia vapors, then to 
SOs, a rose-red color will appear. The same writer 
gives tests for NO: using sulfanilic-acid-a-naphthyl- 
amine or a less sensitive reagent based upon the fact 
that benzidine after exposure to NO: couples with 6- 
naphthol to give a red dyestuff. Conversely, zinc nitro- 
prusside can be used as a test for NH;. A drop of 
dilute KMnQ, is decolorized by SOx. 

Dimethyl-p-phenylenediamine hydrochloride gives a 
bright red color in the presence of free chlorine (17) and 
this may be used as the basis of a test. 

A very delicate test for Bre is based upon the fact 
that the latter converts fluorescein into eosin which 
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is bright red (18). Other organic compounds have been 
suggested, such as rosaniline bisulfite (19), strychnine 
(20), and Hofmann’s violet (21). The writer has only 
utilized fluorescein as the basis of a Brz test. The 
conversion to eosin is rapid and the change quite dis- 
tinctive. 

Van Eck (22) describes 51 test-paper reactions in- 
cluding tests for the gases ozone, NH;, HCN, Ch, 
HCl, Bre, Iz, CO, SO2, and H2S. 

Arsenic compounds are detected by their reduction, 
in acid solution, by means of metallic zinc to arsine 
(23, 24). Chamot (23) gives full details for performing 
this test. HgBre paper can be employed as a test paper 
for arsine. 

Stibine and phosphine are detected by methods analo- 
gous to the Marsh test (25). Both blacken moist 
AgNOs paper. 

Free iodine colors starch solution blue in the presence 
of a soluble iodide (26). 

The brief recapitulation of these few tests by no 
means limits the applicability of the apparatus but 
should, on the contrary, serve as a stimulus in develop- 
ing technic and adapting this form of apparatus to the 
detection and identification of numerous and more 
varied materials. 
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The most fatal distinction that can be made is the one which brings men of theory into opposition to men of 
practice, without regard to the obvious truth that nothing of value ts ever done which does not involve both theory and 
practice; while theory is sometimes overbearing and irritating, there are among those who jeer at it some to whom 
Disreli’s definition applies: the practical man is the man who practices the errors of his forefathers. With refined 
cruelty Nemesis infects us with the disease most nearly akin to that which it pleases us to detect in others. It ts the 
most dogmatic of dogmatics who tirades against dogma, and only the most hopeless of theorists can declare that a thing 
may be right in theory and wrong in practice. 

Why does a theory ever fail, though it may be sound in reasoning? It can only do so because every problem 
involves a much larger number a conditions than those which the investigator can take into account., He therefore 
rejects those which he believes to be unessential, and tf his judgment is at fault he goes wrong. But the practical man 
will often fail for the same reason. When not supported by theoretical knowledge he generalizes the result of an ob- 
servation or experiment, applying tt to cases where the result is determined by an altogether different set of conditions. 
To be infallible, the theorist would have to take account of an infinite number of circumstances, and his calculations 
would become unmanageable, while the experimenter would have to perform an infinite number of experiments, and 
both would only be able to draw correct conclusions after an infinite lapse of time. They have to trust their intuition in 
selecting what can be omitted with impunity, and, tf they fail, it ts mainly due to the same defect of judgment. And 
so it ts in all professions; failure results from the omission of essential considerations which change the venue of the 
problem.—ARTHUR SCHUSTER 





FURTHER APPLICATIONS 
of an OLD METHOD for 


REMOVAL of IRON 


EUGENE WAINER 


Cornell University, Ithaca, New York 


and used for the gravimetric separation of iron 

from elements carried down in NH,OH pre- 
cipitations, ordinarily entirely different procedures are 
necessary for each different element.' Since nearly 
half of the elements in the periodic table besides iron 
are precipitable by NH,OH, and since iron is a common 
constituent of most rocks and minerals, a single method 
whereby the other elements of the NH,OH group may 
be separated from iron as completely as possible should 
have considerable value in analytical procedures. 

A method first suggested by Crookes? for separation 
of aluminum from iron, later by Ibbotson* for separa- 
tion of aluminum from iron, cobalt, and nickel; and 
intimated by Lundell, Hoffman, and Bright‘ for separa- 
tion of titanium from iron, may be expanded to in- 
clude the separation of any element or radical which 
forms a stable soluble complex cyanide in alkaline solu- 
tion, from any other substance which is insoluble in 
such a medium. Such precipitable elements include 
almost all the substances which usually accompany 
iron in NH,OH precipitations. 

With modifications of the original method, beryl- 
lium, aluminum, scandium, indium, the rare earths, 
titanium, zirconium (hafnium), thorium, chromium, 
and bismuth are here separated quantitatively from 
iron. 


‘ ‘ YHILE a variety of methods has been proposed 


EXPERIMENTAL 


In view of the fact that the methods as outlined in 
the books referred to*:*»* are inadequate as general pro- 
cedures for quantitative work, it was thought advisable 
to detail the method as used here. 

A warm, weakly acid sulfate solution containing the 
desired elements is reduced with SO:, the excess finally 
removed by boiling. After sufficient 50% NaOH solu- 
tion is added to precipitate most of the iron, a 25-50% 
excess of powdered KCN is quickly introduced into the 
solution. The solution is cooled and 8 to 10 grams of 


1 HILLEBRAND AND LUNDELL, ‘‘Applied inorganic analysis,”’ 
John Wiley & Sons, Inc., New York City, 1929, see index. 

2 CrooxkEs, W., ‘‘Select methods in chemical analysis,” Long- 
mans, Green & Co., London, 1894, p. 180. 

3 IBBOTSON, F., ‘‘The chemical analysis of steel-works ma- 
terials,’” Longmans, Green & Co., London, 1920, p. 102. 

4 LUNDELL, HOFFMAN, AND BricuHt, “Chemical analysis of 
iron 2 steel,” John Wiley & Sons, Inc., New York City, 1931, 
p. 352. 


(NH4)2SO, is added. After dilution to 500 cc., a few 
drops of phenolphthalein is added and the solution is 
acidified with dilute HzSO, (1:2), about 1 cc. in excess. 
It is necessary to cool before neutralization with acid, 
because the complex is decomposed in. hot dilute or 
concentrated acids, giving rise to insolubles containing 
iron. 

The solution is just neutralized with NH,OH and 
heated to boiling for a few minutes; the precipitate is 
filtered with gentle suction and washed with the liquid 
appropriate to the particular compound on the filter 
until the wash liquid no longer gives a test for the ferro- 
cyanide ion. 

When traces of lanthanum, cerium, bismuth, sama- 
rium, beryllium, or chromium are precipitated alone, 
it is best to allow the solution to stand overnight before 
filtration. 

In the cases of aluminum, beryllium, chromium, 
cerium, and bismuth, the excess of NH,OH should be 
boiled out before filtration. Lanthanum should be 
finished in distinctly ammoniacal solution, and sama- 
rium in cold dilute NaOH. Indium, scandium, titan- 
ium, thorium, zirconium, and the remaining rare 
earths are filtered from a slightly ammoniacal solu- 
tion. 

The wash liquid for aluminum, titanium, zirconium, 
thorium, cerium, and bismuth is hot 2% NH,NO; solu- 
tion; for lanthanum, hot 2% NH,NO; solution made 
distinctly alkaline with NH,OH; for samarium, cold 
water containing a few drops of NH,OH; for beryllium 
and chromium, hot 2% NH,NO; made just neutral to 
methyl red with NH,OH. For the remaining ele- 
ments, the wash liquid is hot 2% NH,NO; solution 
made faintly alkaline with ammonia. 

The standard mixtures consisted of solutions con- 
taining 1.0 gram of Fe,03; to which were added in solu- 
tion amounts of the constituent to be separated from 
iron, varying from 5 to 250 milligrams of the particular 
oxide in a known state of purity. 

A single precipitation, according to the outlined 
method, yielded results about 5 to 20% too high in every 
case. About 30% of the excess in weight is due to 
iron oxide, and the remainder consists of the sulfates 
of sodium and potassium. 


PURIFICATION OF THE FIRST PRECIPITATE 


A second precipitation of the hydrated oxide in the 
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same manner as before, after solution in H2SO,, reduced 
the amount of excess about 60%, while a third treat- 
ment carried the purification almost to completion. 

However, because of the high adsorptive capacities 
of the hydrated oxides, it is difficult to wash out the 
last traces of soluble iron. This fact is especially 
evident in the cases of indium, titanium, thorium, and 
chromium. Consequently, wherever possible, the iron 
retained by the precipitate as obtained in the complex 
cyanide solution was subsequently separated as an in- 
soluble substance, holding the desired constituent in 
solution. 

Traces of iron may be separated from beryllium, 
indium, chromium, and aluminum‘ by means of cupfer- 
ron, a double precipitation being necessary when the 
ratio of the particular oxide to iron oxide is greater than 
about 100:1. The separation of iron from the rare 
earths as suggested by Moser and Brukl®*’ was found 
to be inexact, especially when the rare earths are pres- 
ent in relatively high concentration. A much cleaner 
method is a modification of S. Ato’s camphoric acid 
hydrolysis,® originally developed for separation of gal- 
lium from the rare earths. Small amounts of iron 
may be removed from titanium, zirconium, and thor- 
ium by precipitation of ferrous sulfide in ammoniacal 
tartrate solution.’ The most suitable method for 
purification of the bismuth residue first obtained was 
found to be the preliminary separation as BiOCl, fol- 
lowed by solution and precipitation as basic carbonate 
with ammonium carbonate.’ No adequate procedure 
could be found for purification of the scandium pre- 
cipitate, other than a triple treatment in the complex 
cyanide solution. 

The camphoric acid treatment as modified from Ato’s 
original method is as follows. The initial precipitate 
obtained after filtration of the complex cyanide solu- 
tion is dissolved in a slight excess of acetic acid. After 
dilution to 300 cc., the solution is heated to boiling, 


5 (a) Moser, L. AND BRUKL, A., Z. anal. Chem., 93, 114 (1933); 
f _— G. AND KNow gs, H., Ind. Eng. Chem., 12, 344 
1920). 
6 Ato, S., Sct. Papers Inst. Phys. Chem. Res., 15, 289 (1931). 
7 HILLEBRAND AND LUNDELL, /oc. cit., p. 59. 
8 HILLEBRAND AND LUNDELL, loc. cit., p. 109. 
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and 2 grams of camphoric acid is added. The solution 
is boiled for several minutes, filtered, and the precipi- 
tate washed with hot 1% NHiAc and 1% NH,NO; 
solution. In case too much acetic acid has been used, 
neutralization with NH,OH, followed by further ad- 
ditions of acid, is a satisfactory procedure. Usually, 
the addition of one or two grams of NH,NO; before 
boiling aids in the precipitation of the iron. 

The major constituent is then determined in the 
filtrate with the appropriate alkali, the usual pre- 
cautions being taken as to destruction of organic ma- 
terial, etc. 

The combination of the complex cyanide method fol- 
lowed by the appropriate purification procedure gave 
quantitative results in each case. 

Other elements investigated in addition to those pre- 
viously listed were manganese and uranium. Manga- 
nese forms an insoluble cyanide under the outlined con- 
ditions, and is quantitatively removed from the solu- 
tion in that form. Uranium is only partially precipi- 
tated, and may be kept in solution by the addition of 
several milliliters of concentrated (NH,)2CO; or NazCO3. 


DISCUSSION 


While the method as outlined has been applied only 
to the separation of iron from several substances, it is 
to be expected that the same procedure might work for 
the separation of any element which forms a complex 
cyanide, soluble and stable in alkaline solution, from 
any other element which can be precipitated in such 
media. For instance, it is probable that cobalt, nickel, 
the platinum metals, gold, silver, mercury, copper, 
cadmium, and possibly thallium, may be separated in 
this way from the elements previously listed. Ele- 
ments which could be precipitated in the solution are 
silicon, tantalum, and columbium, while phosphorus 
and vanadium would be carried down in the presence of 
sufficient aluminum. 


* * * * 
Laboratory facilities for carrying out this work were 


afforded by Professor Jacob Papish of Cornell Uni- 
versity. Gratitude is here expressed for the aid given. 
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In the first place, above all things, his nature must be one which vibrates in unison with that of which he is in 


search; the seeker after truth must himself be truthful, truthful with the truthfulness of Nature. 


For the truthfulness 


of Nature is not wholly the same as that which man sometimes calls truthfulness. It is far more imperious, far more 
exacting. Man, unscientific man, is often content with “the nearly,” and “the almost.” Nature never is... . In the 
second place, he must be alert of mind. Nature ts ever making signs to us, she is ever whispering to us the beginnings 
of her secrets; the scientific man must be ever on the watch, ready at once to lay hold of Nature’s hint, however small, 
to listen to her whisper, however low. 

In the third place, scientific inquiry, though it be pre-eminently an intellectual effort, has need of the moral 
quality of courage—not so much the courage which helps a man to face a sudden difficulty as the courage of steadfast 
endurance.—Sir MIcHAEL FostER 





SUBJECTS TAUGHT 4, HIGH- 
SCHOOL CHEMISTRY TEACHERS 
of SOUTH DAKOTA 


RALPH E. DUNBAR AND ALICE MANON 


Dakota Wesleyan University, Mitchell, South Dakota 


HIS investigation was made to determine the 

training needed for chemistry teachers in the 

four-year accredited high schools of South 
Dakota so that the chemistry students in this and simi- 
lar institutions might select their fields of minor study 
with greater efficiency. Too frequently chemistry 
students neglect many important and related fields of 
study, only to learn upon graduation that many de- 
sirable positions are closed to them because they have 
not selected their minors with care so as to qualify 
for the prevailing teaching combinations. The im- 
portance of this matter can be readily recognized when 
it is remembered that the South Dakota State Depart- 
ment of Public Instruction has ruled that one can teach 
only major and minor subjects in the four-year ac- 
credited high schools of the state. The amount of 
work required for a minor may vary slightly with dif- 
ferent subjects, ten semester hours constituting a minor 
in chemistry. In order to qualify for a teaching posi- 
tion in a high school which is accredited by the North 
Central Association of Colleges and Secondary Schools, 
the requirement for a minor may be even greater in 
some instances. 

The data for this study were obtained from official 
reports and records on file in the office of the South 
Dakota Department of Public Instruction at Pierre 
during January of this year, and cover the teaching 
combinations and conditions for the school year of 1933- 
34. It is believed that the data are complete and 
correct for the year involved and truly represent the 
prevailing conditions at the time of the study. Of the 
304 four-year accredited high schools in the state 71 
offer chemistry. This represents 23.3 per cent. of the 
total. There are 72 teachers of chemistry in the 71 
schools involved. There are 5 teachers who teach 
chemistry only. There are 20 chemistry teachers who 
have a combination with some other science only, and 
14 more have combinations with mathematics. The 
rest teach one or more non-science subjects along with 
chemistry. Nine-tenths of the chemistry teachers 
are men. 

The cities and towns involved have been variously 
classified according to size. The teachers have been 
classified according to the subject taught and the final 
results have been tabulated in Table 1. It should be 
distinctly remembered that the final totals are only 


for the 72 chemistry teachers involved. For example, 
17 of these 72 chemistry teachers are also teaching phys- 
ics. 

TABLE 1 


Persons Teaching the 
Following Subjects 
Chemistry 
Mathematics 


Population of 
Cities and Towns 
: 9 10,000 to 5000 
8 5000 to 1000 


6 
9 
7 
0 
2 
1 


Geography 
Commercial Law 


: tee ee omar 1000 to 500 


2 peabet Gee gett 
ee 
5 pet RO ROM ee Oo Oo Oo to wo om oe Less than 500 


Sociology 
Supervision 
Manual Training 


Cl ell ell ell ell ol ol ol od ee oe 


The findings outlined above should help the prospec- 
tive chemistry teacher to make a more logical choice 
of teaching minors. The data collected indicate that 
there are 72 teachers of chemistry in the 71 four-year 
accredited high schools teaching chemistry in South 
Dakota. The subjects taught with chemistry in the 
order of frequency are: mathematics, 28; general 
science, 27; biology, 18; physics, 17; history, 7; 
commercial arithmetic, 6; economics, 5; geography, 
4; commercial law, 4; home economics, 3; book- 
keeping, 3; music, 3; Latin, 3; English, 3; business 
training, 2; typing, 2; speech 2; French, 1; debate, 1; 
geology, 1; physical education, 1; agriculture, 1; 
social science, 1; sociology, 1; supervision, 1; and 
manual training, 1. 

More specifically the exact teaching combinations 
in the schools of various-sized cities and towns have 
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been similarly tabulated in Table 2. It will be 
noticed that the extreme variations in subjects taught 
are limited almost exclusively to the smaller towns, 
while the chemistry teachers in the larger high schools 
usually teach some other science or mathematics in 
connection with their work in chemistry. 


TABLE 2 


Population of 
Cities and Towns 
10,000 to 5000 
1000 to 500 

Less than 500 


Chemistry 

Chemistry, Physics 

Chemistry, General Science 

Chemistry, Mathematics 

Chemistry, Mathematics, Biology 

Chemistry, Mathematics, General Science 

Chemistry, General Science, Physics........... 

Chemistry, Biology : 

Chemistry, Biology, Physics 

Chemistry, Mathematics, Physics 

Chemistry, Mathematics, General Science, Com- 
mercial Law 

Chemistry, Commercial Arithmetic............ 

Chemistry, Biology, English 

Chemistry, Home Economics 

Chemistry, Music, Debate.................... 

Chemistry, Physics, Geography 

Chemistry, Physics, Bookkeeping.............. 

Chemistry, General Science, Biology........... 

Chemistry, Home Economics, French.......... 

Chemistry, General Science, Geology 

Chemistry, Biology, Agriculture............... 

Chemistry, Mathematics, Latin............... 

Chemistry, Mathematics, Economics 

Chemistry, Mathematics, History 

Chemistry, Mathematics, English 

Chemistry, Biology, Supervision............... 

Chemistry, Biology, History 

Chemistry, General Science, History - 

Chemistry, Commercial Arithmetic, Bookkeeping .. 

Chemistry, Mathematics, General Science, 


~ =o Over 10,000 


- cor 5000 to 1000 


eee. 


mre oo: 
ee ee ee ~~) wdydwywwwnrmmeoran TOTAL 


ee ee ee ee ee ee ee eee 


Chemistry, General Science, Biology, Physics... 

Chemistry, General Science, History, Latin 

Chemistry, Mathematics, Commercial Law, 
Bookkeeping 

Chemistry, General Science, Biology, Geography 

Chemistry, Mathematics, Biology, Speech 

Chemistry, General Science, History, Com- 
mercial Law 

Chemistry, Mathematics, General Science, Busi- 
ness Training 

Chemistry, General Science, Physics, Manual 


—_ ee 


oe 


Chemistry, Biology, Latin, Physical Education 
Chemistry, Physics, Commercial Arithmetic, 


ing 
Pn. General Science, Music, English. . 
Chemistry, Mathematics, Home Economics, 


Chemistry, General Science, History, Business 
Training, Sociology 

Chemistry, Mathematics, General Science, 
Biology, History 

Chemistry, Mathematics, General Science, 
Commercial Arithmetic, Economics 

Chemistry, Mathematics, Commercial Arith- 


Chemistry, Biology, esa Mudie, Geography 
Chemistry, General Sci 





CONCLUSIONS 


The results of this investigation indicate: 
1. In South Dakota it is not desirable to prepare 
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high-school teachers of chemistry only. Beginning 
chemistry teachers may expect to teach two or more 
subjects. About one-third of all the high-school chem- 
istry teachers are teaching a non-science subject as a 
part of their load. 

2. The student who plans to teach chemistry should 
have minors in mathematics, biology, and physics if 
possible as these subjects are most frequently taught 
in conjunction with chemistry. 

3. Other subjects often taught by the chemistry 
teacher are history, commercial arithmetic, economics, 
geography, commercial law, home economics, book- 
keeping, music, Latin, and English. In very few in- 
stances does an individual teach chemistry and non- 
science subjects only. More often he teaches some 
other science or mathematics. 

4. Nine-tenths of the chemistry teachers of South 
Dakota are men. 

5. Twenty-three and three-tenths of the four-year 
accredited high schools of South Dakota teach chem- 
istry. 

6. Only 5 of the chemistry teachers of South Dakota 
teach chemistry only. 


A NOVEL WEIGHING PROCEDURE 


EucENE W. BLANK 
Colgate-Palmolive-Peet Co., Jersey City, New Jersey 


IN QUANTITATIVE analytical procedures it is 
frequently desirable to weigh an exact amount of material 
into a covered crucible. The usual analytical balance 
pan is too small to hold both crucible and lid readily. 
Moreover, weighing a powder into a vertical crucible 
is at best an awkward task, particularly when it is 
necessary to remove an excess of powder by means of 
the weighing spatula. 

By placing the lid of the crucible 
on the balance pan in the position 
shown in the diagram it will be found 

6 that the crucible itself can be balanced 

ARRANGEMENT OD the lid in an almost horizontal 
or CrucisLe up- position. The lid is turned on the 
on Lip To FacILI- nan so that the open end of the cru- 
TATE WEIGHING : 

cible faces the operator. 

This simple trick, of which the writer finds no men- 
tion in a search of numerous quantitative manuals, 
simplifies a very awkward operation since a spatula 
can be inserted readily into the crucible to remove 
material if too much has been added and at the same 
time the lid and crucible are weighed together, without 
crowding and at the center of the balance pan. Loss of 
material, due to dusting, is reduced to a minimum since 
the spatula can be so inserted into the crucible as to 
deposit the material being weighed directly on the 
bottom. 
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KEEPING UP WITH CHEMISTRY 


What are the prospects of a petroleum chemical industry? 
C. Exvuis. Chem. & Met. Eng., 41, 287-90 (June, 1934).— 
Interest in the chemical utilization of aliphatic hydrocarbons 
has been greatly stimulated by the development of more efficient 
methods for separating the lower and higher boiling compounds. 
Two processes, pyrolysis and hydrogenation, have done much to 
bridge the gap between the older chemistry of coal tar and the 
newer chemistry of petroleum. Hydrogenated solvents equiva- 
lent to benzol or toluol are being made in tank-car lots. Some 
are even superior. Innumerable alcohols can be made from 
petroleum-cracked products. Outstanding are isopropyl alcohol 
from propylene and ethyl alcohol from ethylene. 

Oxidation of petroleum yields a variety of products and by- 
products. Of special interest are the fatty acids obtained by the 
oxidation of paraffin wax. These give soaps which will lather in 
hard water. Petroleum may be cracked in an electric arc to 
produce acetylene, from which acetic acid and synthetic rubber 
are synthesized. 5. Wok. 

Mercury vapor as applied to process industries. C. A. Hut- 
SART. Chem. & Met. Eng., 41, 313-6 (June, 1934).—The use 
of mercury vapor for the transfer of heat has been increasing 
in chemical processes since its first introduction in 1915. Today 
it is also being used in three large mercury-steam-electric units 
for power generation. 

The advantages of mercury over other liquids for heat transfer 
are (1) the required temperature is obtained with a considerably 
lower pressure; (2) being an element it has no tendency to 
dissociate; (3) it does not dissolve or amalgamate with steel; 
(4) it solidifies at —38°F., eliminating freezing hazard; (5) its 


high sp. gr. makes it possible to return the condensate to the 
boiler by gravity; (6) its vapor is non-flammable; (7) the costs 
of attendance and maintenance are low; (8) mercury leaks 
give ample warning. J. W. . 

Developments in heat transfer with organic compounds. 
R. L. HEINDEL, JR. Chem. & Met. Eng., 41, 308-12 (June, 
1934).—Indirect heating has been accomplished by steam, hot 
gases, oils, a number of organic compounds, and mercury. 
The upper temperature limit for saturated steam is about 
450°F. Above 750°F. mercury is the logical material to use. 
The gap between these two temperatures is best filled by organic 
fluids. Some of the organics used are anthracene, phenanthrene, 
naphthalene, diphenyl, diphenyl oxide, selected oils, and a series 
of mixtures known as Dowtherm. The advantages and dis- 
advantages of each of these are discussed. Jj. W.. EL 

Urea resin varnish for laminating. H. E. Srocxriscn. Chem. 
& Met. Eng., 41, 302-3 (June, 1934).—Urea resin is prepared 
by mixing 300 lb. urea, 1200 Ib. comm. formaldehyde, and 20 
lb. phthalic anhydride in a digester. The contents are heated 
with stirring under a reflux condenser to 90°C. The excess 
water and other volatiles are removed by vacuum until the re- 
maining sirup is about 55% solids. 

White paper for core purposes is passed through tension rolls, 
around rolls dipped in this resin varnish, and through a tunnel 
heated to 80°C., and is then rerolled. Surfaces are coated by a 
similar but slightly varied process. Impregnated paper is con- 
verted into permanently hard and decorative products by — 
baked under pressure. J. W. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


Research studies relating to the teaching of science. C. J. 
Pieper. Sct. Educ., 18, 112-6 (Apr., 1934).—This is the third 
annual bibliography on research studies relating to the teaching 
of science. The period covered is from January, 1933, to De- 
cember, 1933, inclusive. The studies are classified under thirteen 
different headings. C. M. P. 

Progress report in the field of physiological chemistry since 
1929. Z. angew. Chem., 47.—Nucleic acids. H. BREDERECK. 


290-3 (May 12, 1934).—Introduction. Poly-nucleotides. Nu- 
cleosides. Mono-nucleotides. Summary. 
Blood pigments and chlorophyll. A. Trerps. 294-8 (May 12, 


1934)—Hamin. Bilirubin. Chlorophyll. Chlorophyll B. 
L. S 


Analytical chemistry of tantalum and niobium. V. ScHWARzZ. 
Z. angew. Chem., 47, 228-30 (Apr. 14, 1934).—Various analytical 
data are given. L.S. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


The junior science clubs. M. Metster. Sci. Educ., 18, 
68-74 (Apr., 1934)—The author describes the work of the 
American Institute in fostering and promoting science club 
work in the New York City schools. During the past year the 
sixth annual Children’s Science Fair was held in the American 
Museum of Natural History. More than 500 projects (indi- 
vidual, group, and club) were entered from 200 different New 
York City schools, representing the efforts of 10,000 children 
of all grades and ages, under the guidance of 700 teachers. 


More than 50,000 visitors came to see the exhibits. The article 
describes several types of club activity which have been carried 
on during the year. es is 

A science club to vitalize science teaching. W. C. REUSSER. 
Sci. Educ., 18, 82-6 (Apr., 1934).—This is an article which 
points out some of the values of science club work, methods of 
organization, types of activities that the club may carry out, 
and the qualifications of a successful sponsor. C. MP: 


EDUCATIONAL MEASUREMENTS AND DATA 


Measuring scientific thinking. V.H. Noir. Teachers’ Coll. 
Record, 35, 685-93 (May, 1934).—This is the third in a series of 
articles on scientific thinking. ‘‘The Habit of Scientific Think- 
ing’ [abstracted J. Cuem. Epuc., 11, 127 (Feb., 1934)] and 
“Teaching the Habit of Scientific Thinking’? appeared in the 
October and December, 1933, issues of the Teachers’ College 
Record. In this article the author describes the construction 
of a series of tests to measure scientific thinking, and reports 
some experimental results obtained. Crime P. 

If there were millions. T.H. Briccs. Teachers’ Coll. Record, 
35, 633-66 (May, 1934).—A list of twenty-one means of pro- 
moting secondary education are proposed and discussed. The 
list follows: (1) defining the good life; (2) planning compre- 


hensively for secondary education; (3) determining the special 
functions of secondary education; (4) learning the foreign 
schools; (5) knowing the school population; (6) defining educa- 
tion; (7) determining types of organization; (8) listing desirable 
activities; (9) directing and coérdinating research; (10) pre- 
paring teaching units; (11) developing teaching units under 
ideal conditions; (12) developing teaching units under normal 
conditions; ( 13) preparing curricula; (14) measuring results; 


(15) popularizing the program; (16) training teachers of unusual 
promise; (17) 
devising a record system; 
providing for articulation; 
equipment. 
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evolving teacher-training institutions; (18) 

(19) planning for guidance; (20) 

(21) planning for as cag and 
is 











ANNUAL SURVEY OF AMERICAN CHEMISTRY, VOLUME VIII, 1933. 
Edited by Clarence J. West. Published for the National Re- 
search Council by The Chemical Catalog Company, Inc., New 
York City, 1934. 403 pp. 13 KX 21cm. $4.50. 


The place of the “‘Annual Survey” in American chemical litera- 
ture is so firmly established that description and criticism are 
alike superfluous. 

The subjects reviewed in the current volume and the reviewers 
are as follows: 


Theories of Solutions—Martin Kilpatrick 
Kinetics of Homogeneous Gas Reactions—Louis S. Kassel 
Subatomic Phenomena—Joseph E. Mayer and Donald H. 
Andrews 
Thermodynamics and Thermochemistry—George S. Parks 
Colloids—S. S: Kistler 
Contact Catalysis—Arthur F. Benton 
Structure Determination by X-Ray and Electron Diffraction— 
Sterling B. Hendricks 
Electrochemistry—D. A. MacInnes 
Analytical Chemistry—I. M. Kolthoff and E. B. Sandell 
Compressed Gases—R. Wiebe 
Aliphatic Compounds—Cecil E. Boord 
Carbocyclic Compounds—Reynold C. Fuson 
Heterocyclic Compounds—Arthur J. Hill 
Pharmaceuticals—Clifford S. Leonard 
Biochemistry—Edgar G. Miller, Jr. 
Ferrous Metals in 1932 and 1938—Frank T. Sisco 
Insecticides and Fungicides—R. C. Roark 
Chemistry of the Silicates—George W. Morey 
Ceramics—E. Ward Tillotson 
Petroleum Chemistry and Technology—W. A. Gruse 
Cellulose and Paper—Harry F. Lewis 
Leather—Arthur W. Thomas 
Paints—G. G. Sward 
Rubber—H. L. Trumbull 
Gaseous Fuels during 1932 and 1933—Wilbert J. Huff 
Otto REINMUTH 


A MANUAL OF THESIS-WRITING FOR GRADUATES AND UNDER- 
GRADUATES. Arthur H. Cole, Professor of Business Economics, 
and Karl W. Bigelow, Professor of Economics, University of 
Buffalo. John Wiley & Sons, Inc., New York City, 1934. 
ix + 48 pp. 2 Figs. 14 X 21.6cm. $0.75 net. 

The book is an attempt ‘‘to offer students certain comments 
on the aims of scientific work and a convenient compilation of 
rules and usages which are widely accepted among mature writers 
as helpful in the preparation of first-class scientific papers.” 

This manual is perhaps the briefest and at the same time the 
meatiest book covering the field of thesis-writing that has come 
to the attention of the reviewer. Unfortunately it is bound in 
a heavy paper cover which will suffer from hard usage. The 
paper within the book is of stiff heavy quality and is not notably 
satisfactory for marginal notations in ink. 

It is rather obvious from the content of the book that the 
problem of thesis-writing of the student in the physical and 
biological sciences is not a complete duplicate of that of the 
student in the social sciences. A few pages are devoted to 
the ‘‘Choice of Subject,”’ an item which is not of much concern to 
the undergraduate or graduate student in chemistry, as he himself 
seldom chooses the actual title or the broader scope of the re- 
search problem, the results of which are to be presented as his 
thesis or dissertation. 

The title of the book is misleading to a student in the physical 
or biological sciences. Students in these fields would expect the 
book to be of value only in composition and‘ form of the final 
paper, yet they would profit from a careful study of the first. 16 


RECENT BOOKS 
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pages before arriving at a final decision relative to the choice of 
a research problem from those available. Very few graduate 
students are familiar with proofreader’s marks, hence the sam- 
ples of ‘‘proofing’’ are timely. Ample reference to more exten- 
sive volumes on the subject are included. Also, the authors 
wisely refer the student to the current issues of the journals in his 
own particular field of endeavor, as to accepted practices in com- 
position and form. 

Perhaps a few minor improvements in the content would be 
worth while. (1) On page 7, no suggestions are included as to 
a recommended form for handling bibliographic material secured 
from abstract journals. Occasionally an original paper appears 
in a journal or in a language which is not easily accessible to an 
investigator and the abstract only is at his disposal. (2) On 
p. 18, the use of abbreviations could be extended in sample ‘‘B.”’ 
(3) On p. 15, something should be included covering the form of 
experimental notes which are to be used as the basis of probable 
patents. (4) On p. 38 is a paragraph on the numbering of tables 
and of charts. Chemical journals in America apparently prefer 
Roman numerals for tables and Arabic numerals for charts and 
graphs. (5) On p. 44, proofreader’s marks for delete and boldface 
type should be added. 

Every graduate student should be familiar with this volume. 

Jesse E. Day 

Tue Onto STATE UNIVERSITY 

CoLumBus, OHIO 


SCIENTIFIC ORGANIZATIONS IN SEVENTEENTH CENTURY FRANCE 
(1620-1680). Harcourt Brown, M.A., Toronto, Ph.D., Colum- 
bia. The Williams & Wilkins Co., Baltimore, 1934. (History 
of Science Society Publications, New Series V.) xxii + 306 
pp. 13.8 X 20.4cm. $3.00. 


The learned societies of the present time had their beginnings 
in clubs or small groups of men impelled by their passionate 
curiosity to gather together and discuss the matters of scholar- 
ship and experimental science in which they were interested. 
“The character of these associations,”’ writes Brown, “‘the mem- 
bership, and the nature of the programs, depended of course on 
the circumstances under which the particular academy began its 
sessions. A patron of letters or the arts, a prince of church or 
state, a merchant of great wealth, would draw the more agree- 
able of the teachers or other professional men of his entourage 
into a more or less regularly established society; constant associa- 
tion gave a certain set of habits, sooner or later to be set down as 
laws and regulations governing activities, ceremonial, and mem- 
bership. In their meetings the wit of those who knew each other’s 
habits of mind, temper, and prejudice, mingles with an esoteric 
lore derived from common reading and education; the vulgar 
idiom becomes a badge of liberty, of racial integrity, of freedom 
from the tyranny of the School, and of unity in a civilization 
which begins to regard itself as national. Together, these men 
of learning treat each other as persons apart from and above the 
common run; when separated, their letters reflect the interests 
and philosophy of their group. These remarks hold in a very 
striking degree for the character and corporate activities of the 
academicians and journalists of the middle, and even of the end, 
of the seventeenth century in France.” 

The book contains eleven chapters, on Peiresc and the Cabinet 
of the Brothers Dupuy, on Renaudot and Mersenne, Mersenne 
and England, The Montmor Academy Begins, The Montmor 
Academy and England, The End of the Montmor Academy, La 
Compagnie des Sciences et des Arts, The Conferences of Henry 
Justel, Science and the Press (the Journal des Savants and the 
Philosophical Transactions), The Academies of the Provinces, The 
Academy of the Abbé Bourdelot, and a final chapter entitled Fluc- 
tuat nec mergitur (the motto of the city of Paris) which discusses 
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some of the early vicissitudes of the Académie des Sciences. It 
contains appendices and bibliographies. The author concludes 
that his book “‘is an exploration rather than a chart of seventeenth- 
century France’’ the net result of which is “that we have found 
in seventeenth-century France the characteristics of other 
nations of Europe of that time,—Bacon’s devotion to the labori- 
ous collection of facts and methods of research, Leibniz’ faith 
in the progressive building of civilization under the protection 
of the state, Huygens’ resignation of the powers of the individual 
reason to the realities of the natural world. At least we have 
had a glimpse of the France of Mersenne, Pascal, and Justel, 
not the France of court historians, learned ladies, and princely 
generals, but a nation whose erudition was the envy of Europe, 
whose architecture and gardens set the fashion for a hundred 
years, whose philosophers brought us from the middle ages, in 
short the France which perhaps best merits the admiration of the 
modern world.” 

The book is written in a narrative style. The reader, if he is 
not confused by multiplicity of detail, by the documentation 
and the apparatus of scholarship, will improve his knowledge of 
the background against which the history of science has mani- 
fested itself. But he will not learn much of the history of 
science. And the student of the history of chemistry will find in 
the book very little which seems necessary or desirable for him 
to remember. 

TENNEY L. Davis 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, Mass. 


H. P. Starck, M.A. The Technical 
College, Kingston-on-Thames. Wm. Wood & Co., Baltimore, 
1934. viii + 228 + 31 pp. 11 Figs. 13 KX 20cm. $3.00. 


This book is stated to be “‘a complete manual of volumetric 
analysis for pharmaceutical, medical, and other students of 
chemistry.” 

Section I contains a brief introductory chapter on volumetric 
methods and apparatus, followed by an elementary discussion 
of neutralization indicators. Sections II, III, and IV are de- 
voted respectively to neutralization, oxidation-reduction, and 
precipitation methods of analysis, directions being given for the 
preparation of the commonly used standard solutions and for 
their use in typical analyses. Section V presents the applica- 
tion of volumetric methods for the determination of the constitu- 
ents in a number of binary mixtures. The appendix includes, in 
addition to certain tables and information about indicators, 
some thirty pages devoted to general inorganic qualitative 
analysis and the detection of the elements commonly found in 
organic compounds. 

Directions are given for more than two hundred separate 
determinations. Some of these represent essentially a repetition; 
seven, for example, being devoted to the estimation of acetic acid 
in different preparations. About one hundred problems illus- 
trate typical volumetric calculations. Equations for the chemical 
reactions are given for most of the determinations, and also the 
hydrogen equivalent of the constituent to be determined. 

Little of the theory underlying volumetric processes is given. 
The brief discussions and the directions for the procedures are 
concisely written, the latter approaching in this respect ‘‘cook- 
book” or pharmacopoeial style. The printing is good and 
typographical errors are scarce. The pharmaceutical names are 
given for many compounds. A graphical method is suggested 
for calculating the two constituents in each of several binary 
mixtures. 

Users of some of the better American texts on quantitative 
analysis would question a number of points, examples of which 
may be noted. Gravimetric and volumetric procedures are said 
to be the two methods available for estimating substances. No 
mention is made of the molar system for standard solutions, and 
attention is not directed to the fact that the normality of a solu- 
tion may depend upon the chemical reaction involved. Except 
in one figure the abbreviation ¢.c. is used to designate one- 
thousandth of the metric unit of capacity, the liter. It is stated, 
to be “‘sufficiently accurate if all weighing, calculations, etc., be 
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conducted to the nearest third decimal place, ... using atomic 
weights which approximate to the nearer half or whole number.” 
Some of the sample calculations are carried only to two significant 
figures and buret readings are given to one decimal place. The 
standard solution specified is frequently 1 N.; however, large 
samples are used. The equivalent weights of various compounds, 
such as potassium permanganate, are calculated from their 
“available”? oxygen atoms. One is led to the conclusion that, 
when the standard solutions do not have an exact normality, 
time is saved by using a normality factor rather than by calcu- 
lating at once the equivalence (titer) of the solution in terms of 
the desired constituent. Sodium carbonate, sodium oxalate, 
and potassium acid phthalate are not mentioned as primary 
standards. Litmus and cochineal are recommended as indicators. 

To the reviewer the book seems of value chiefly for the variety 
of determinations suggested. Instructors in pharmaceutical 
work may find it valuable. Some students will feel more con- 
tented if they determine calcium in calcii carbonas rather than in 
calcium carbonate. 

M. G. MELLON 


PURDUE UNIVERSITY 
LAFAYETTE, INDIANA 


S. A. Harbarger, Assistant Professor 
Third edition. Mc- 
xvi + 314 


ENGLISH FOR ENGINEERS. 
of English, The Ohio State University. 
Graw-Hill Book Co., Inc., New York City, 1934. 
pp. 18 X 20cm. $2.00. 


In the first edition of ‘‘English for Engineers,” which appeared 
in 1923, Professor Harbarger stated these purposes: ‘‘to make 
the study of English definite for the engineering student; to 
stimulate his interest in a brief survey of the uses to which 
English may be put by the engineer; and to acquaint him with 
the sources of English study both for professional and cultural 
needs and interests.’”” The present edition has followed these 
general lines, but has been revised in the light of changing condi- 
tions, and the collateral reading is largely restricted to material 
appearing within the past five years. 

This book presupposes the fundamental training in English 
which is given in high school and the limited amount usually 
available in college to students of the applied sciences. It is 
intended primarily for the senior and the recent graduate, but it 
may be read with profit by those of more maturity and experience. 

The larger part of the book is devoted to very practical topics. 
After outlining the relationship between professional prestige 
and English, surveying the resources of reading and conversation, 
emphasizing the need for careful preliminary analysis, and stating 
the familiar essentials of clearness, conciseness, and emphasis, 
the author discusses in some detail letters of application, tele- 
grams, order, inquiry, instruction, and sales letters, dictation, 
explanations, abstracts, summaries, book reviews, editorials, 
technical articles, reports, and professional society papers. 
Emphasis is laid on the “you” attitude, which means that the 
writer must put himself in the place of the reader. While most 
of this material is plain common sense, it contains much that is 
often overlooked in everyday writing. 

The chapter on ‘English for Non-Technical Uses’ lifts the 
engineer from the plane of the immediate and practical to that of 
a broad cultural development. This chapter is not only a strong 
and sensible plea for good reading, but is also a most excellent 
guide to what is best in literature. 

While this book was written primarily for engineers, it can be 
used with great value by all scientific workers, particularly those 
who have to do with modern industry. 

W. T. READ 


RuTGERS UNIVERSITY 
New Brunswick, N. J. 


THE CHEMISTRY OF THE Hormones. Benjamin Harrow, Ph.D., 
Associate Prof. of Chemistry, The City College of The College 
of the City of New York, and Carl P. Sherwin, D.Sc., M.D., 
Dr.P.H., St. Vincent’s Hospital and French Hospital, New 
York City. The Williams & Wilkins Co., Baltimore, 1934. 
vii +227 pp. 23 X 15cm. $2.50. 
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In writing this book the authors have made an attempt to 
gather together the information concerning the chemical natures 
of the physiological substances which we know as hormones. 
We are told in the preface that their purpose has been “... to 
put together a practical book—a book of use to the laboratory 
worker who wishes to prepare active hormone fractions or to iso- 
late a chemically pure hormone; and of use to the student who 
wants a connected account dealing with the chemical character- 
istics of the hormones, in so far as they are known at present.’ 

In the opinion of the reviewer, the authors have succeeded 
remarkably well in their purpose, especially so when we bear in 
mind the rather unsettled state of much of the published work 
from which the subject matter of the book had to be selected. 
The procedures given for the extraction and purification of vari- 
ous hormone preparations are well selected, and present the best 
knowledge we have at the present time. The criticism might 
be made that no critical comments are made as to the relative 
advantages or disadvantages of the various procedures. The 
authors present the work of a number of investigators in each 
field, leaving it to the reader or to the worker to select that 
which seems best suited to his needs. The book is not compre- 
hensive, the authors stating, ‘‘We are only too well aware that 
matters of importance may have been omitted and that possibly 
some irrevelant matter may have been included. But that is the 
penalty which has to be paid when dealing with a subject in a 
state of flux.’”’ On the whole, however, the reviewer feels that 
each topic has been well covered. 

Chapter I deals with the thyroid hormone, in which the work 
of Kendall and Harington is given most attention, although the 
work of many others is also included. The isolation, char- 
acterization, and synthesis of thyroxin is given in some detail. 
Chapter II deals with the parathyroid hormone in which Collip’s 
work is given most consideration, but not to the exclusion of 
others who have contributed to this problem. What is known 
chemically of insulin is well reviewed in Chapter III, numerous 
methods for its extraction and purification being presented. 
Chapters on the pituitary hormones, the adrenal hormones, the 
male hormones, and the female hormones follow. The last 
two chapters deal with secretin and the plant hormones. Each 
chapter in the book carries quite an extended bibliography. 

The book is written in a clear, concise style which leaves no 
doubt as to what the writers wish to convey. It is remarkably 
free from mistakes, but a few typographical errors will be found. 
One important omission might be pointed out, and also, in the 
opinion of the reviewer, an error in arrangement. In the chapter 
on the female hormones, the second paragraph describes the 
vaginal smear method of following the oestrus cycle of an animal. 
However, it is not pointed out that this method was worked 
out primarily for the cycles of guinea pigs, rats, and mice, and 
cannot be applied to every laboratory animal. Also this chapter 
includes Collip’s preparation from placentz of an anterior lobe- 
like hormone. It seems that this could better have been included 
in the chapter on pituitary hormones since it is a gonadotropic 
factor and not an ovarian substance. 

The book will be found useful as a semilaboratory manual for 
hormone preparations as well as a source of information con- 
cerning our present knowledge of hormone chemistry. 

Harry L. FEvoLp 


UNIVERSITY OF WISCONSIN 
Mapison, WIs. 


INTRODUCTION TO PHysIOLoGiIcaL CHEMISTRY. Meyer Bodansky, 
Ph.D., Director of Laboratories, John Sealy Hospital, Galves- 
ton, and Professor of Pathological Chemistry, University of 
Texas. Third edition. John Wiley & Sons, Inc., New York 
City, 1934. xi + 662 pp. 39 Figs. 62 tables. 14.5 X 23 
em. $4.00. 


The aim of this third edition ‘‘has remained essentially the 
same,’’ namely to be a useful textbook. The present edition is 
distinctly more than that; it has become a reference book of re- 
cent advances in physiological chemistry. With considerable 
facility, the author has extended some of the previous sections 
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and entirely rewritten others, to include the large additions made 
to this field of science since the appearance of the second edition. 
Although no new chapters have been added, the extent of the 
increase in size is more than one hundred pages. The book will 
inevitably be much used if for no other reason than that the 
bibliography is conveniently given in footnotes. 

The expansion of the chapter on nutrition together with the 
emphasis on the clinical implications of variations in composition 
of tissues and body fluids have enlarged somewhat the scope of 
the book. However, the material is well organized and the 
sense of coherence is well preserved. The discussion on the gas 
laws, solutions, and hydrogen ions is in better form than in the 
previous editions. The chapter on gastric digestion in its 
present form is an excellent summary of current concepts. The 
tables describing the composition of foods are incomplete, always 
with reference to ash constituents and at times in other respects. 
The chapter on blood and the chemistry of respiration has been 
improved, but throughout, unfortunately, the name of Hassel- 
balch is misspelled. It would make for clarity if all the tables 
had titles. In view of the mass of more or less confused ma- 
terial currently available, the section on hormones seems 
to have been carefully considered and clearly presented. The 
discussion of the chemistry of carbohydrates, of the metabolism 
of the sugars, and of their part in the chemistry of contraction of 
muscle has been thoroughly reviewed and is presented in an un- 
derstandable manner. 

This book in its present form is of great usefulness to the 
teacher and investigator. Does it serve as well as a text for the 
beginning student? The effort to consider the most recent 
contributions necessarily involves a type of discussion designed 
to maintain the open mind in the reader; this ordinarily results 
in confusion to the student to whom the subject is new. It 
seems, therefore, that this text now definitely needs the guiding 
hand of the good teacher to be of the greatest usefulness. This 
circumstance is an inevitable result of the effort to render the 
treatment of material both comprehensive and timely. In no 
wise does it minimize the general high level of excellence main- 
tained by the author in this third edition. 

ARTHUR H. SmiTH 


Yas UNIVERSITY 
New Haven, ConNngECTICUT 


MeErRcK MANUAL OF THERAPEUTICS AND MATERIA MEDICA 


George W. Merck, President of Merck & Co. Inc., announces 
the publication of the sixth edition of the Merck Manual of 
Therapeutics and Materia Medica. 

Over two thousand prescriptions with official constituents 
and metric equivalents are presented, along with a description 
of four hundred seventy-five remedies, including solubility, 
action, uses, average dose, preparations, contra indication, 
incompatibilities. 

Some of the new chapters among the two hundred fifty-seven 
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Backache, Botulism, Caisson Disease, Celiac Disease, Coronary 
Occlusion, Dyspnea, Encephalitis Lethargica, Food Poisoning, 
Freezing, Hay Fever, Infantile Convulsions, Myasthenia Gravis, 
Paroxysmal Tachycardia, Polycythemia Rubra, Tularemia, and 
Urolithiasis. 

The Dose Table comprises official remedies, new and non- 
official remedies, rarer medicaments, and newer remedies. 
There are included remedies in general use as well as some in 
disuse, preserving a traditional feature of value in the Merck 
Manual; namely, that there may be found in it desired informa- 
tion on dosage no longer generally available. 

The sixth edition of the Merck Manual is printed on fine paper 
and bound in dark blue fabrikoid covers with gold stamping. 
It is available only to members of the medical profession, pharma- 
cists, chemists, and those in allied professions, at the nominal 
price of two dollars per copy, representing the actual cost of 
printing and distribution. 
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the author of “A History of Hindu Chemistry” and other works, and has 
been the teacher of many of the best known chemists of India. 
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NOTRE SANTE. The following essay in amateur 
psychotherapy is dedicated to the better health 
of some general and many organic chemists who 
appear to be the victims of a species of inferiority com- 
plex. One subject recently diagnosed his condition 
essentially as follows. “I dislike,’ he said, ‘‘to phrase 
my description of the behavior of a chemical bond in 
terms of electrons. I fear that, in my ignorance, I 
shall say something about electrons which an atomic 
physicist or a physical mathematician will recognize 

as utter rot.” 

There would be more occasion for such self-depreca- 
tion if there were better grounds for belief that the 
atomic physicist and the physical mathematician are 
actually privy to the “‘realities’’ of electrons and their 
behavior. The electron of the physicist and the elec- 
tron of the organic chemist are both admittedly mental 
constructs. If those constructs occasionally appear to 
have little in common it is still unnecessary to infer 
that one is inferior to the other, or even that the physi- 
cist and the organic chemist are ‘‘talking about differ- 
ent electrons.’’ Let us remind ourselves often of the 
fable of the blind men and the elephant. No one of the 
three blind men had any better right than another to 
exclusive use of the term elephant, nor would anything 
have been gained if each had agreed to call the beast 
by a different name. 

Even when two descriptions of the same entity appear 
to be mutually inconsistent, each may have real merit 
and utility. By way of illustration one need cite only 
the conceptions of Newton and of Huygens as to the 
nature of light. 

In his presidential address, delivered at the seventy- 
eighth meeting of the American Chemical Society, Dr. 
Irving Langmuir admirably expressed the point of 
view we advocate. 

“Skepticism in regard to an absolute meaning of 
words, concepts, models or mathematical theories 
should not prevent us from using all these abstrac- 
tions in describing natural phenomena. The progress 
of physical chemistry was probably set back many 
years by the failure of the chemists to take full advan- 
tage of the atomic theory in describing the phenomena 
that they observed. The rejection of the atomic theory 
for this purpose was, I believe, based primarily upon a 
mistaken attempt to describe nature in some absolute 
manner. ‘That is, it was thought that such concepts as 
energy, entropy, temperature, chemical potential, etc., 
represented something far more nearly absolute in char- 





acter than the concept of atoms and molecules, so that 
nature should preferably be described in terms of the 
former rather than the latter. We must now recognize, 
however, that all of these concepts are human inven- 
tions and have no absolute independent existence in 
nature. Our choice, therefore, cannot lie between fact 
and hypothesis, but only between two concepts (or be- 
tween two models) which enable us to give a better or 
worse description of natural phenomena. By better or 
worse we mean, approximately, simpler or more com- 
plicated, more or less convenient, more or less general.” 

It is perhaps worth while to point out a distinction 
between the scientific hypothesis and the scientific law 
which has been little emphasized. The scientific law 
should express an established generalization elegantly 
and precisely, without implying anything more than it 
explicitly states. Many people evidently regard the 
hypothesis as a sort of tentative law. There is ap- 
parent historical justification for this attitude, yet we 
believe it to be a mistaken one. 

The supreme virtue of the hypothesis should be that 
it embodies numerous implications which may be sub- 
mitted to experimental test. Whether or not the im- 
plications be confirmed, much valuable knowledge is 
usually gained in the testing. The hypothesis that 
eventually achieves the status of a law by virtue of 
confirmation of all its implications may be said to be 
worked out. The hypothesis that begins life in ob- 
vious simulation of a law is all too likely to come to an 
untimely and sterile end by the pruning of implications 
which might jeopardize its progress toward a state of 
blessedness. 

Our models should for the most part represent graphic 
hypotheses rather than graphic laws. Laws are merely 
the coral skeletons that retired hypotheses leave behind 
when they enter polyp heaven. 





This month’s cover cut is one 
of many conceptions of The 
Alchemist executed by David 
Teniters, the Younger. 





On PREPARATION t DEAL 
with SOLUBLE SILICATES’ 


JAMES G. VAIL 


Philadelphia Quartz Company, Philadelphia, Pennsylvania 


N THE complexity and change with which we are 

surrounded, it is sometimes useful to approach an 

inquiry in a relatively simple way by beginning 
with facts of which one has direct experience before 
attempting to draw conclusions of larger scope. 

Thus it may be worth while to consider the sort of 
intellectual equipment that appears to be useful to 
chemists and chemical engineers in certain particular 
circumstances, and to reflect later whether the findings 
have general significance. The person whose prepara- 
tion is here considered is not the hatchet-and-saw man 
of chemical technology, but the worker of independent 
thought whose function it is to initiate and lead. 

It is not unlikely that in working with soluble sili- 
cates, developing their diverse properties, and seeking 
ways to adapt them to the needs of industry, techni- 
cally trained men exercise their powers upon a stage 
where only the setting is distinctive; the action may 
be more or less typical. We shall attempt a brief sur- 
vey of what is on the boards. 

Industrially speaking, the soluble silicates may be 
restricted almost to the three-component system, so- 
dium oxide-silica—water, for the use of potassium sili- 
cates is very limited and silicates of other alkali metals 
are for the present not used in significant amounts. 

It has been suggested that the content of this one 
triaxial diagram is too small an area to engage the 
efforts of a group of able workers. The idea was not 
born of insight. 

The substances within this category have what may 
be called ‘‘a degree of uniquity’ such that there is 
scarcely an industrial establishment which does not, 
somewhere among its operations, have use for one or 
more of the numerous products grouped under the 
family name of silicates of soda. 

By calling to mind a few of many processes we can 
better see what abilities are needed to deal with them 
effectively. The paper maker adds silicate solutions 
to the pulp during beating, precipitates them in the 
presence of alum, and gains hardness, finish, and reten- 
tion by working at the appropriate pH. 

The pottery in which heavy sanitary ware is cast 
deflocculates clay slips with silicate and is thus able to 
handle as liquids water-clay mixtures with much larger 
solid content than would otherwise be possible. Ca- 
pacity is thus increased, texture improved, and losses 
from cracking reduced. 


* Presented at a joint meeting of the Industrial @¢nd Engineer- 
ing Section and the Chemical Education Section of the Canadian 
Chemical Association at Toronto, June 6, 1934. 


The maker of sulfuric acid builds towers and tanks 
of vitrified brick set in acid-resisting cement made from 
powdered quartz and silicate of soda which must be of 
the right ratio and concentration to give proper setting 
time and ultimate strength. 

The maker of abrasive wheels starts with a silicate. 
of entirely different type, uses different mineral addi- 
tions, and develops the bond at 350° to 400°F. instead 
of atmospheric temperature. 

Factories. which deal with foodstuffs, dairies, canner- 
ies, and packing houses must be kept scrupulously clean. 
The soluble crystalline silicates are used for these pur- 
poses either alone or in combination with other cleaning 
agents; criteria of grease removal to freedom from the 
so-called water break, elimination of living bacteria, 
and the study of etching effects on metals are involved. 

Silicate solutions act as fireproof adhesives for mak- 
ing air-cell pipe covering from asbestos paper. Viscosity 
control is essential to regulate penetration. 

Electro-cleaning preparatory to plating is advan- 
tageously done with silicate solutions, usually more or 
less modified with other materials according to the 
rather complicated requirements of that art. 

The soap maker produces a colloidal complex con- 
taining silicate which must not only have cleaning 
power but must form a cake of acceptable appearance, 
neither too hard to dissolve nor soft enough to waste 
away too rapidly. It must be free from unsightly ef- 
florescence. Some understanding of this art is expected 
of the purveyor of the silicate. 

The refiner of edible oils uses silicates on occasion to 
increase recovery by causing the separated impurities 
to settle into denser form. He also puts a silicate film 
on wooden casks and tubs to prevent penetration and 
loss of oil in transit. 

Factory floors of cement are oil-proofed and hardened 
by silicate treatment. The best results require an 
understanding of the possibilities and the limitations 
of the process, and the right silicate. 

Base-exchange water softeners are made by reacting 
silicate solutions with aluminum compounds. 

The list could be greatly extended without torture 
of the facts. 

It is evident that a great diversity of questions will, 
under such circumstances, be presented for solution. 
Specifications must be devised and degrees of control 
established having regard on the one hand to the needs 
of the consumer, and on the other to refined questions 
of economy, for the soluble silicates owe their place in 
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industry to the fact that they are available at low cost. 
The most economical raw materials must be found, 
the best sources of supply developed for widely sepa- 
rated points of production, methods of purification must 
be studied, technic developed in the choice and appli- 
cation of refractories, and then in order to establish 
markets, technical services must be made available to 
the distributing organization. Such situations are 
replete with opportunities for initiative, resourceful- 
ness, and energy, though it is not always possible to 
finance the various researches which are so easily sug- 
gested. 

Because the equation must be solved for the factor 
represented by the dollar mark, the choice of projects 
and the effective use of time are important. One 
method of conserving energy is the systematic assembly 
‘and graphic expression of those data which underlie 
many specific cases. Such are the determinations of 
relationships between composition and _ properties. 
For instance, the densities of silicate solutions which 
result from the presence of varying quantities of alkali, 
silica, and water must be mapped and iso-viscosity 
lines located. Such values as refractive indices, boil- 
ing points, freezing points, and volume changes with 
temperature, are less predictable than in systems in 
which stoichiometric boundaries can be uniformly de- 
pended upon. The worker in this field must, to a 
great extent, devise means for collecting his data and 
evaluating the degree of precision attained. Then he 
must find ways and means for making it intelligible to 
others. The departments of science-which can as- 
sist him are numerous. 

An important use of silicate solutions is their appli- 
cation as adhesives for uniting solid fiber board to make 
shipping containers of three- to five-ply laminated con- 
struction as well as the familiar corrugated type. The 
mechanism of adhesive action has not been adequately 
worked out from a scientific standpoint, but it is well 
known that colloids, capable of passing quickly from a 
liquid to a solid condition, are among the most useful 
materials for such purposes. The fitness of silicate 
solutions for a given adhesive use is determined by the 
ratio of alkali to silica, by the amount of water present, 
and by added materials among which finely divided 
clay has of late assumed ncreasing importance. Ade- 
quate preparation for work on such a problem would 
include an understanding of the general phenomena of 
colloid chemistry and a certain ingenuity in devising 
methods of physical testing which, while they may not 
be susceptible to interpretation in absolute terms, yet 
give measures of the behavior of the adhesive under 
conditions of service. The transition from liquid to 
the solid state by loss of moisture occurs at different 
rates with different alkali-silica ratios. Ratio also 
affects the rate of viscosity change with changing tem- 
perature, the solubility and the wetting power of the 
adhesive film, and the tendency of the alkali to migrate 
through the fibers under warm, moist conditions. 
Ways have been found to minimize the disadvantages 
of an alkaline adhesive and it is possible by causing the 
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films to dry in place and by keeping the sodium oxide 
per unit of area below certain critical limits, to obviate 
staining troubles, work at a high degree of economy 
and at high speed while retaining the advantages of a 
mineral adhesive. Service in this area involves the 
ability to think of the silicate solutions as colloids. 

Though the colloidal sodium silicates have the longer 
history in industry, definite crystalline products have 
in late years evolved from laboratory curiosities into 
standardized industrial commodities. To deal effec- 
tively with these, the ability to think in terms of the 
phase rule is needed. It is a matter of some difficulty 
to shift one’s mental gears from systems, the value of 
which rests upon the fact that they are not in equilib- 
rium, to interpretations of solubilities, transition points, 
stable ‘phases, liquidus temperatures, and the like, 
especially when the same components are involved in 
the two cases, but both colloid and phase rule view- 
points are essential to the understanding of the soluble 
silicates. Heterogeneous arrangement and changing 
states of aggregation on the one hand, and the mathe- 
matical precision and beauty of crystal structure on 
the other are alike important. 

The art of removing foreign materials from sub- 
stances to be cleansed is progressing toward a science, 
and silicate solutions have been established as impor- 
tant reagents for a multitude of cleaning purposes. 
Here the worker must know something about defloc- 
culation, electrolysis, film formation, emulsification, 
and again must be able to resort to empirical methods 
for the appraisal and comparison of phenomena which 
cannot yet be expressed in terms of interfacial tension 
or other direct measurements of fundamental charac- 
teristics. 

Silicate solutions are extensively used in textile proc- 
esses, such as the boiling off of cotton, the weighting 
of silk, and the peroxide bleaching of all the natural 
fibers. A speaking acquaintance with microscopy and 
organic chemistry is needed here. 

The use of high-temperature furnaces for melting 
calls not only for consideration of heat transfer and 
heat balances, but also for the thermochem/'stry of high- 
temperature reactions. Available materials must be 
studied, as none is known which is unattacked, and each 
melt constitutes in some degree a separate problem. 
Not only refractories, but silica supplies make it ex- 
tremely convenient to have some understanding of 
economic and physical geology. Although silica con- 
stitutes about sixty per cent. of the lithosphere, its oc- 
currence in suitable form for the present purpose is 
rather limited. Most of the deposits are contaminated 
with compounds that form insoluble silicates, and some 
which are very pure but massive are excluded by the 
expense of mining and crushing. The cost of trans- 
portation is often a decisive factor. Means of me- 
chanical separation of minerals have been worked out, 
especially in connection with the recovery of metallic 
values. They have also proved important in freeing 
silica sands from small amounts of heavy minerals. 

It may be that a chemical executive should not be 
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too good an analyst on account of the risk of losing per- 
spective, but he should understand analytical proce- 
dures and know when existing methods are adequate 
and when new ones must be devised. 

It goes without saying that he should have a general 
understanding of the unit processes, most of which will 
be frequently encountered. 

He needs a sense of order and arrangement, the ca- 
pacity to keep his own records and to find and make use 
of information available through technical literature. 

He must be able to write a clear and concise report 
and to discriminate between the significant and the 
trivial aspects of a situation. The report should habit- 
ually appear on time. 

The ability to write as an item of technical equipment 
is often undervalued. No matter how sound a man’s 
ideas may be they must, almost without exception, be 
established in other minds in order to become effective. 
They will be lost if badly transmitted. The use of 
language in clear and effective form is not wholly the 
business of forming sentences which are grammatically 
correct—it is to some extent the product of an intel- 
lectual background and a mental attitude enriched by 
familiarity with great thought and great writing in 
varied departments of human interest. 

A fluent reading knowledge of German is greatly to 
be desired not only to render accessible the large body 
of pertinent literature which is not translated or is 
rendered into English long after its first publication, but 
to obtain the stimulus of different thought patterns 
and different approaches to problems of common in- 
terest. Other languages though valuable are less im- 
portant as far as soluble silicates are concerned. 

These requirements may seem too great to expect of 
one individual, but they are drawn from practice rather 
than theory. It is quite apparent that no school could 
anticipate the specific situations which will be encoun- 
tered. To attempt it would be to waste valuable time 
and to turn out men of narrow mind—technicians rather 
than men of science. Four years are all too short to 
gain a concept of the fundamental principles of the 
sciences upon which chemical manufacture depends. 
We want men who are well grounded in what is known 
of the inner mechanism of materials and their behavior 
and who are able to organize their thoughts and carry 
through attacks on difficult problems—not men who 
have learned routines. Early specialization must al- 
most inevitably be at the expense of scientific breadth 
and soundness. I suspect it is better to approach the 
end of a college course without knowing definitely what 
industry one will enter. The agnostic state of mind is 
much to be desired. It should welcome new ideas and 
examine them with critical intelligence, it should not 
attach undue sanctity to methods which however good 
are, like machinery, subject to obsolescence. For all 
this, understanding is required and the academic years 
are too short to admit of courses the content of which 
any competent person can pick up on his own account. 

Assuming that a man has sufficient background to 
become proficient or to collaborate effectively with 
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those who are proficient in the various skills which have 
been indicated, he may yet lack essential qualities. 
Unless through all the maze of detail he is able to ac- 
quire a sense of direction, an orientation and insight 
into the course which is worth pursuing and that which 
should be abandoned, he will not achieve effective lead- 
ership. In addition to knowledge, he must have 
“horse sense.’ A figure of reference to migratory 
birds or the instincts of bees might bear a more appro- 
priate connotation. Although this sense is to some 
extent congenital, I submit for your consideration that 
it is the men who have a broad general knowledge who 
are most likely to succeed in a development project 
which includes the finding of new industrial procedures, 
and this broad knowledge rests, in turn, upon a curi- 
osity which can be cultivated. Teachers can do much 
to help a man realize what he must acquire for himself. 
The idea that successful men are, almost without ex- 
ception, masters of large vocabularies has been re- 
cently advanced and supported by a persuasive body 
of data. A large vocabulary would be apt to result 
from a breadth of interests, and a wide range of ideas 
should afford a better opportunity to develop per- 
spective and to chart wisely the course of an industrial 
enterprise or a research project. A man ought to leave 
college knowing that his education has only begun. 
The scope of this paper does not permit examination 
of the elements of personality which make for success- 
ful codperation, but for leadership in the coéperative 
business of finding the way in the maze of modern in- 
dustry the observation of soluble silicates has impressed 
upon the writer the need of the best possible perspec- 
tive. This word is used in a broad sense and involves 
something more than an understanding of the tech- 
nology of a diverse and changing industry. Perspec- 
tive in space is more readily obtainable today than 
when island universes and subatomic phenomena were 
not extensively presented in the public press. In a 
less degree perspective in time is now to be had as a 
part of one’s general intellectual background, but we 
still meet many people who, as a practical matter, live 
within a time horizon of relatively few years. To 
them the invention of the steam engine seems to have 
occurred a long time ago and éccurrences which lie 
beyond their individual prospect of survival have little 
interest. More distant events in either direction ap- 
pear, if at all, as through a glass darkly. Perspective 
in both time and space is, however, believed to be an 
essential of equipment for adequate leadership. I 
would go farther and say that men without perspective 
in human experience, as revealed through history and 
philosophy, will as leaders labor under a severe handi- 
cap. The necessity for social readjustment which is 
one of the clearest signs of the times may lead to con- 
fusion and a vast waste of energy in a leader thoroughly 
read in science but unacquainted or unconcerned with 
the humanities. The question of leisure time for him- 
self and those he leads will be enormously complicated 
for the man who has technic but not perspective. Ori- 
entation among scientific facts is difficult enough but 
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obtainable by a person of requisite curiosity, intelli- 
gence, and energy. 

Orientation in other departments of knowledge may 
not, at casual glance, seem so important, but the man 
who comes out of college aware that the experience of 
his species in many departments of life and thought 
can illuminate his personal outlook and understanding 
is certain to apprehend more surely than the specialist 
who sees only in terms of his specialty. One may think 
of the latter as having a two-dimensional frame of ref- 
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erence—it is the points in the third dimension and be- 
yond by which the fullness of the picture may be per- 
ceived. It takes more than plane geometry to compre- 
hend the structure of a crystal. The conclusion seems 
obvious, but the excuse for reiterating it is that there 
are still people who do not know that a technologist 
may be a better servant of industry as well as of his 
neighbors by cultivating his curiosity about such things 
as art, archaeology, psychology, politics, philology, and 
I should not exclude comparative religion. 





TRENDS in SCIENCE TEACHING 


GEORGE M. BATEMAN 


State Teachers College, Tempe, Arizona 


A survey is made of the present trends in science teach- 
ing, such as improvement of methods of instruction in the 
lecture and laboratory. Need and growth of cultural courses 
in physics and chemistry are stressed. Textbooks and 
laboratory manuals for survey and specialized courses are 
also considered. 


++ ooo + 


BOUT three years ago when we felt the need of 

cultural or survey courses for our non-science 

majors, the author wrote to many representative 
teachers throughout the country regarding the ad- 
visability of adding such courses to the curriculum. 
The answers received might be divided into two groups. 
The largest group favored the continuation of the 
present courses and maintained that they should be 
kept as specialized as possible to afford discipline in 
the use of the laboratory and the scientific method. 
For the most part, fear was expressed that unspecialized 
work may either become too general or develop into 
bedtime stories. 

The second group was not satisfied with present 
results obtained in science teaching. It was felt that 
something must be done for students who desire 
chemistry and physics for cultural purposes, and that 
present laboratory courses are not giving results 
commensurate with the outlay. Most of the re- 
spondents favored the addition of subjects which 
would be cultural in purpose, and at the same time 
develop the scientific method. 

The author’s experience in high-school and college 
courses in chemistry indicates rather a vicious circle. 
High-school students are given courses in science to 
train them for college requirements; most of the 
college science courses, including the elementary 


subjects, are specialized and are taught by specialists. 
Each teacher sees things from the viewpoint of his 
own training and interest, and teaches accordingly, 


but the student ‘is left to put the pieces of the jig-saw 
puzzle together. The student should visualize science 
as a unified and interrelated picture instead of a dis- 
jointed group of subdivisions such as physics, chem- 
istry, etc. It would be much better for the elementary 
student to get a bird’s-eye view of the universe, and 
then specialize in one of the branches of science, if he 
is interested. 

Many teachers of science might be considered as 
“cookbook scientists.” They blindly follow an ab- 
stract text written by a specialized authority who 
believes that the purpose of science teaching is to teach 
the subject rather than train the student. Very little 
attempt is made by these teachers to relate common 
things to life, or to proceed from the students’ concrete 
experiences to abstract knowledge. It is no wonder 
that many leave physics and chemistry with fear and 
dislike. These subjects can be taught so that they 
will serve a rich and fruitful end in the lives of most 
of our citizens. 

In view of the ineffectiveness of science teaching in 
the past, as far as the majority of the students are 
concerned, there is a noteworthy effort on the part 
of many science teachers to study and improve their 
methods, and to learn the needs and interests of their 
students. Many high-school instructors are begin- 
ning to reorganize their work, so as to instil worth- 
while interest and effort in the students. In many 
places the courses are no longer influenced by the whip 
hand of the college entrance requirement. In fact, 
many universities are maintaining that they would 
prefer students with no training in high-school chem- 
istry to the kind they have received in the past. 

Formerly it was felt that high-school science de- 
partments needed elaborately and extensively equipped 
laboratories and this idea has been ardently supported 
by large supply houses. The other day a very suc- 
cessful high-school teacher astounded the author with 
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what he was doing with ordinary things found in five 
and ten cent stores. He was making progress because 
he was proceeding slowly from the students’ world of 
concrete experience to the unknown and abstract. 
He felt that boys and girls could appreciate and under- 
stand important principles from equipment that they 
had built from common things. 

Of course it is to be recognized that good apparatus 
designed to illustrate a particular principle will be 
more effective than cheap apparatus designed for 
other purposes usually would be. The principal ad- 
vantages of the apparatus this teacher used were its 
relative lack of expense (important in most high 
schools) and the fact that the students were already 
familiar with some of the component parts. However, 
the teacher should use care in the selection of demon- 
stration and laboratory apparatus. Many times the 
apparatus is so elaborately designed that the elemen- 
tary student will see no connection between it and his 
environment, or between it and the principle it is 
supposed to demonstrate. 

Probably one of the weakest links in the chain of 
science teaching is the type of laboratory instruction 
in many institutions. Garard' made an examination 
of a number of laboratory manuals and stated that 
out of twenty-eight laboratory manuals on his shelves, 
written by twenty-eight authors and published by 
eleven of the best publishers of college textbooks, 
nineteen are useless as far as the scientific method is 
concerned. The reader is invited to examine all of 
the laboratory manuals (elementary chemistry) that 
he may have. Most of these are cookbooks and are 
utterly useless as far as real constructive teaching is 
concerned. A brief excursion into the descriptive 
experiments of one of the most widely used of these 
manuals will make the above point evident. 

The following is a quotation from this laboratory 
manual: 


In a test-tube warm a mixture of about one gram of sodium 
chloride and manganese dioxide with 3 cc. of concentrated sul- 
furic acid. 


And so it proceeds through hundreds of ‘‘cookbook”’ 
tests that would try the patience of even the most 
enthusiastic student in chemistry. It would have 
been much better if the authors of the various current 
manuals in elementary chemistry had presented a 
number of well-organized chemical preparations or 
problems which make it possible for the student to 
apply the scientific method. A few writers have been 
original enough to depart from stereotyped manuals 
in their attempt to jump out of this very grievous rut 
in which we have found ourselves. 

Another type of laboratory manual which is rather 
popular is the workbook in which the students fill 
in the blanks. The author adopted one of these 
editions in his freshman chemistry course, and ex- 
perienced some difficulty in preventing many of his 


1 GARARD, I. D., “Scientific method in general chemistry lab- 
oratory work,’”’ J. CHEM. Epuc., 11, 42 (1934). 
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students from becoming “‘leaners.’’ In other words, 
many of the students leaned on their textbooks for 
all thought and work involved in the answers. The 
authors of the manual had made this easy for them by 
inserting page numbers indicating where, in the text, 
the student could, without any mental effort, find 
the various answers to the problems presented. I 
believe that these cross references are being left out 
of the later editions, and this, with other contemplated 
changes, will remove many of the objections to this 
type of manual. 

In the laboratory, every effort should be made by 
the instructor to encourage the student to concentrate 
on such activities as investigation, method, observa- 
tion, manipulation, and interpretation. This would 
mean that the student devote his time to the solution 
of one major problem per period. This method of 
laboratory instruction would at least be superior to 
the present method of slopping through numerous 
cookbook tests. 

One of the outstanding trends in science teaching 
is the tendency to break down the high fences which 
separate the subdivisions of science. Universities 
and colleges are beginning to group the sciences in 
larger departments or divisions. In some institutions, 
several departments are codperating to give survey 
courses in such fields as biological science and physical 
science. Students are taught that science presents a 
unified continuous picture rather than a set of dis- 
jointed categories. For the past three years, we have 
been developing courses of this nature for our non- 
science majors, and they have proved very much worth 
while. One of the greatest difficulties in the develop- 
ment of such courses is to obtain properly trained 
instructors. Some teachers will have a tendency to 
popularize too much, while others will insist on over- 
emphasizing their own interests or will become too 
abstract. It is safe to say that when the instructor 
has found the right middle ground, he will be more 
than satisfied with the results of such a course. 

A number of attempts have been made to write 
pandemic or cultural texts in physics and chemistry. 
We learn to creep before we walk, and this is especially 
true in textbook writing. Some of these books are 
fair and some are poor and unsuited to the purpose 
they were written to serve. 

A number of years ago I received literature on a 
new book in physics which was supposed to be written 
for the student in the liberal arts college. Upon ex- 
amination of the book, we found an excellent preface 
and introduction to the field of physics. But the 
author apparently soon forgot his major, purpose, and 
his many years of experience in teaching orthodox or 
mathematical physics captivated his enthusiasm. 

About two years ago we had the experience of using 
a new pandemic chemistry text. During the first 
semester we found that the text was well suited to the 
object of the course, but later in the second semester 
portions of the book were much above the. mental 
capacity of the best students in the class. Material 
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on the quantum theory and related subjects was hope- 
lessly beyond the students who lacked mathematical 
ability or background. 

Authors of such books should keep in mind that they 
are writing texts for elementary students whose in- 
terests are general, and not for their own contempo- 
raries. They should guard against the tendency to 
slip back into the rut and write stereotyped texts and, 
at the same time, they should attempt to blaze new 
trails in the presentation of the subject matter of 
science to the liberal arts students. 

During the past few years, elementary textbooks 
have had a tendency to become larger and larger. 
In order to give a thorough course, many teachers 
have a feeling that they should completely cover all 
of the subject matter in the text that they are using. 
As a result students have been forced to rush over too 
much material during the year, instead of being allowed 
to assimilate thoroughly the fundamentals of the 
course and the scientific method. Textbook writers 
should concentrate on fundamental principles, and 
through proper organization of material should en- 
courage proper study habits and thoroughness on the 
part of the students. Authors of class texts should 
offer advice and service to those who may desire them. 
This would give the teacher information concerning 
the purpose and the history of the development of the 
text that he may be using. 

One of the most important trends in science teaching 
is the increased use of visual methods. This is es- 
pecially true when we consider the part that lantern 
slides, film slides, and motion pictures are playing in 
the illustration of scientific principles and applica- 
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tions. Many large corporations and institutions main- 
tain an educational service where excellent films 
may be obtained. Several splendid talking pictures 
on physical and biological science are now available. 
Every teacher should make use of well-planned and 
manipulated demonstration experiments in the lecture 
room. 

In summarizing I should like to emphasize the most 
important fact in science teaching, which is, that every 
science instructor should teach the student and know 
his subject. He should make a careful analysis of his 
methods with a view toward improvement both in 
the classroom and the laboratory. He should keep 
up with his subject and its many applications. He 
should study current textbooks and manuals and adopt 
the best for class use. The science teacher should 
make use of every possible means of instruction in 
presenting his subject. He should realize that he has, 
at hand, a means of vitally interesting his student in 
his subject—namely, demonstration experiments. He 
should consider the student’s background, and teach 
so that the student is following eagerly, not being 
pulled along by the ear. This means that the in- 
structor must try to approach each new viewpoint as 
he would wish to if he were the student, with the 
student’s background, paying particular attention to 
the useful and interesting portions of the subject. 
The science teacher should realize that for the majority 
of his students, science as a preparation for future 
technical work does not exist; and that that brand 
of pure science immortalized in the old toast, ‘‘Here’s 
to pure Science; may it never be of use to anyone!’’, 
has no appeal to the unspecialized group. 





GRADUATE RESEARCH 


Through some unexplained accident information 
from the University of Pittsburgh failed to reach the 
compilers of ‘The Tenth Census of Graduate Re- 
search Students in Chemistry and Chemical Engineer- 
ing, 1933” [J. Cem. Epuc., 11, 471-5 (Aug., 1934) ]. 
Problems in the following fields were carried on during 
the year 1933: 


General and Physical—5 D, 3 F; 
Electro-organic—1 F; 
Inorganic—1l1 D; 

Analytical—2 F; 


Chemical Education—1 M; 
Organic—1 M, 3 D; 

Physiological—1 M, 2 D, 1 F; 
Pharmacological—1 M; 
Nutritional—1 D, 1 F; 

Industrial—1 F; 

Chemical Engineering—3 M, 2 D, 2 F; 
Total—7 M, 14 D, 11 F. 


The letter M refers to researches prosecuted in 
candidacy for the Master’s degree, D for the doctorate, 
and F to faculty researches. 











GOETHE 
the CHEMIST 


ALBERT JOHN GEHRT 


University of Illinois, Urbana, Illinois 


To the world in general Goethe is well known as a man 
of letters, but the fact that he was also a scientist of con- 
siderable ability is seldom realized because his literary 
fame completely eclipsed his scientific skill. 

Goethe’s significance to chemistry is based upon two 
considerations: first the actual experimental work which 
he did, and second the references to chemistry which ap- 
pear in his immortal works. 

The experimental investigations of Goethe and his co- 
worker Dobereiner were among the first to be carried out 
in the field of synthetic chemistry and are of historical 
importance from this standpoint. 

Goethe’s first scientific interest was in alchemy, but 
later centered on technological chemistry, and all his im- 
portant experiments were in this field. 


+++ + + + 


HE NAME of Johann Wolfgang von Goethe is 

known and revered throughout the world, not 

only by lovers of literature, but by everyone of 
ordinary education. To all these people the name 
Goethe is synonymous with literary greatness, but to 
only a very few does it suggest anything connected 
with the science of chemistry. Nevertheless, Goethe 
was of considerable importance to chemistry from two 
standpoints. First, he was an ardent experimenter and 
theorizer—in other words, a good chemist—and second, 
by his literary references to chemistry he awakened 
a great interest in that science. Why, then, should 
Goethe not have been recognized as a chemist of note? 
The answer can only be that though he was a great 
chemist, his literary work so totally overshadowed his 
scientific investigations that when we think of Goethe 
we think of Goethe, the writer. However, as many 
historians of literature have remarked, it is the duty 
of any historian of chemistry to place Goethe’s name 
in the list of important chemists. 

Goethe was born in Frankfurt-am-Main in Germany 
in 1749, the son of a public official. His family was 
well-to-do and he received a very good elementary edu- 
cation. 

Although his home environment was a good one, the 
general economic conditions in which he lived were 
not so favorable. At the middle of thé eighteenth 
century Germany was experiencing economical dis- 





GOETHE AT THE AGE OF Forty-two 


From a pastel sketch by Lips, 1791. 


tress, and conditions of turmoil and depression were 
prevalent. As an escape from the problems of the day 
people sought refuge in philosophy or religion. The 
natural philosophical school developed, and with it 
sprang up many mystic scientific societies. One of the 
most important of these was the Orden der Rosenkreuzer, 
the object of which was to promote thinking toward a 
general idealistic reformation. Alchemy was an im- 
portant feature of this movement, for belief in the exist- 
ence of the ‘elixir of life’ and the ‘‘philosopher’s stone”’ 
was directly linked with the religious ideas of the organi- 
zation. Doctors, lawyers, and religious men contrib- 
uted books on such subjects as ‘“A Chemical Garden 
of Eden.’’ Some people grew so confident in the suc- 
cess of alchemy that they prophesied that soon the 
transmutation of metals would be the common knowl- 
edge of all chemists. 

It was under such conditions that the young Goethe 
began his life asa student. He went to Leipzig in 1765, 
where he studied law and becante interested in alchemy. 
However, in 1768 he returned to Frankfurt to recuper- 
ate from an illness, and during the period of his conva- 
lescence his interest in alchemy took an active turn. 
The start was a mere groping. In the beginning he was 
influenced by his mother, his physician, and his ac- 
quaintance, Katherine von Klettenberg, all of whom 
were members of one of the mystic religious organiza- 
tions. The physician was a devout admirer of Paracel- 
sus, the first great physiological chemist, who had intro- 
duced. the medical use of opium and mercury salts. 
Fraulein Klettenberg was the grandniece of the famous 
alchemist, John Hector von Klettenberg. 

During his convalescence Goethe studied works on 
alchemy and the great work of Paracelsus, ‘“‘On the 
nature of things.”” He even went so far as to fit out a 
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FRAULEIN KATHERINE VON KLETTENBERG 


She introduced Goethe to alchemy and so indirectly aroused 
his interest in chemistry. 


small laboratory at his home, with a hood, sand bath, 
and other simple equipment in order to undertake minor 
alchemical investigations. These were of little value 
in themselves, but were of the utmost significance in 
that they showed him the importance of experimental 
chemistry. Likewise he learned the alchemical sym- 
bols which he used throughout his experiments. It was 
at this time that he prepared his first compound, 
sodium silicate, by heating silica from the Main River 
with sodium hydroxide. 

Goethe’s interest in iatrochemistry also began 
through his illness when his attention was directed to 
the universal medicine used by the physicians of that 
time, the so-called ‘“‘Luftsalz.’”’ Subsequent analysis 
has shown this remedy to be a mixture of magnesium 
and sodium sulfates. With the help of Katherine von 
Klettenberg he studied the works of Basil Valentine and 
van Helmont, two early physiological chemists. 

When Goethe went to Strassburg in 1770 to continue 
his study of law he did not abandon chemistry, but took 
courses in it and in anatomy under a famous physician, 
pharmacist, and botanist, J. R. Spielmann. A letter 
to his friend Katherine at this time declares his feeling 
for chemistry by saying that it is his secret love. It 
was in Strassburg that a great change took place in 
Goethe’s chemical ideas. Up to this time alchemy had 
been his principal interest, but in June, 1770, he visited 
the Saar district, one of the most important deposits of 
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natural resources in Germany. Here he saw the glass 
factories, smelters, and coal mines. As he says in 
“Dichtung und Wahrheit,” ‘“Here I was initiated into 
the problems of the mountain and mining districts, 
and the interest in economic and technical affairs, which 
have since occupied such a great portion of my life, was 
first aroused.” In Strassburg he continued the study 
of Paracelsus, but now entirely from the standpoint of 
the technologist. He also took up the study of phys- 
ics. 

In the eighteenth century the court at Weimar, with 
its pomp and ceremony, constituted one of the cultural 
centers of Germany. In 1775 Goethe went there as 
a public administrator and was at first very much im- 
pressed by his new environment. He had graduated in 
law, and had already achieved fame as a writer. As 
public administrator he was responsible for supervision 
of the natural resources, forestry, highway maintenance, 
and the military equipment of the province of Saxe- 
Weimar. In this capacity he was called upon to visit 
the mines, forests, and other places linked with his work. 
This was exactly the impetus needed to further his inter- 
est in. technological chemistry, and to banish entirely 
the thought of alchemy. In the course of his inspec- 
tions he personally made technical tests of which 
records are still preserved in his day-book. 

In 1786 when Goethe made his Italian trip he visited 
places of scientific interest, among them the arsenal 
in Venice. On his return to Weimar he seems to have 
seriously considered giving up literature for chemistry. 
However, he continued his writings in connection with 
the duties of his position at Weimar. 

Throughout this period he realized the importance of 
chemistry in the study of mineralogy, and wrote of 
this in letters to some of his friends. Goethe’s position 
at Weimar made it necessary for him to be both a prac- 
tical chemist and a good theorist. He used the same 
thoroughness of observation and theorizing which 
have been characteristic of Liebig, Faraday, and other 
great scientists. 

In 1799 Goethe became interested in the problem of 
extraction of sugar from the sugar beet and worked 
with a German chemist, Géttling, on the commercial 
aspects of this process. 

Most of Goethe’s actual experimental research was 
carried out in codperation with J. W. Débereiner. The 
two men had the same technical advisor, Dr. W. H. S. 
Bucholtz, a prominent scientist of his time. Goethe 
was advised by him for over twenty years. Ddbereiner, 
taught by Bucholtz, became professor at the University 
of Jena, and was called a second Faraday because of his 
work in electrochemistry. At the beginning of Débe- 
reiner’s career as professor in Jena, Goethe, because of 
his administrative position, was called upon to fit out 
Dobereiner’s laboratory, and from this beginning the 
two men became ardent co-workers. The continental 
blockade of German ports from 1806 to 1812 cut Ger- 
many off from many of the chemical products of Eng- 
land and, as a result, caused German investigators to 
look for means of synthesis for their chemical necessi- 
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ties. This increased Goethe’s scientific interest. Such 
stimulation coming at the time he became acquainted 
with Débereiner led to their work on an astonishingly 
varied group of chemical processes. 

Among the more important of their investigations 
were studies of the preparation and uses of water gas 
and illuminating gas; the formulation of new alloys 
of manganese and silicon with iron; the preparation of 
strontium and the determination of the equivalent 
weight and specific gravity of strontium sulfate. At 
this stage in the history of chemistry, chemists had 
gathered sufficient data to justify attempts at classi- 
fication of the elements. The foundations for the 
periodic table were laid at this time, and the strontium 
experiments of Goethe and Débereiner contributed 
significantly to that end. Inorganic chemists still re- 
gard Débereiner’s system of triads as an important 
step in the evolution of the periodic table of today. 

In the field of organic chemistry they were not idle. 
They synthesized oxalic acid from carbon monoxide 
and carbon dioxide, studied the destructive distillation 
of wood, and investigated the preparation of sugar from 
alcohol and carbon dioxide, using platinum suboxide 
as a catalyst. 

The originality of their work in organic synthesis 
may be better appreciated when we consider that most 
of Goethe’s work in this field was done before 1830, 
or at the time when organic chemistry was just becom- 
ing a distinct branch of the science. It was only in 
1828 that Wohler synthesized urea from ammonium 
cyanate, proving that organic compounds could be 
made in absence of life. 

Incidentally, Débereiner was the first to prepare 
sulfur trioxide directly from sulfur dioxide by means of 
a platinum catalyst, and hence was really the father of 
the contact process for the manufacture of sulfuric acid, 
although he made little attempt to commercialize the 
reaction. 

Practically all of these processes were merely investi- 
gated by Goethe and Débereiner, with no attempt at 
commercialization. While other great chemists, nota- 
bly Berzelius, were attacking chemical problems from 
the analytical side, Goethe and Débereiner were among 
the first to see the importance of the synthesis of the 
products needed at that time. They realized that they 
were forerunners in synthetic work, and consequently 
investigated as many reactions as possible, leaving the 
perfection of the processes to their followers. 

It should be apparent from the foregoing brief sketch 
that Goethe was more than a scientific dilettante. If 
further evidence were needed we might point to the 
esteem with which he was regarded by such chemical 





contemporaries as 
Rose and Berzelius. 
Anaturally occurring 
crystalline form of 
hydrated ferric oxide 
found in many parts 
of the world, espe- 
cially in St. Just, 
Cornwall, and at 
Siegenin Westphalia, 
has been named goe- 
thite in his honor. 

Goethe’s optimis- 
tic spirit and interest 
in experimental 
chemistry continued 
until the end of his 
life in 1832. The 
scientific Goethe was 
not completely sub- 
merged in the more 
famous literary 
Goethe. Various phases of chemistry are mentioned in 
Faust, Wilhelm Meister, and Dichtung und Wahrheit. A 
well-known example is found in the second scene of Act 
II of the second part of Faust, where an alchemist’s 
laboratory and his experiments are minutely described. 

No lover of literature can find it in his heart to wish 
that Goethe had abandoned writing for science. Had 
he done so, however, there is good reason to believe 
that he might have ranked among the greatest chemists 
of his time. 

* Reproduced by courtesy of Dr. Fritz Chemnitius. 





“Die Chemie in Jena 
von Rolfinck bis Knorr’’* 


From icuadaar 


JOHANN WOLFGANG DOBEREINER 
1780-1849 


Goethe did most of his experi- 
mental work with this discoverer of 
the triads. 
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Devotion to science ts a tacit worship—a tacit recognition of worth in the things studied; and by implication in 


their cause. 


It is not a mere lip-homage, but a homage expressed in actions—not a mere professed respect, but a re- 
spect proved by the sacrifice of time, thought, and labour —HERBERT SPENCER 
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V. Photographs 


EDWARD M. HOSHALL 


2434 Guilford Avénue, Baltimore, Maryland 


HE application of technical photography to the 

requirements of the chemist as a method of sup- 

plementing line drawings, exhibiting apparatus, 
indicating general arrangement of apparatus, demon- 
strating operating technic, and even replacing line 
drawings, has been to a large extent neglected. The 
use of difficultly executed drawings or sketches where a 
photograph would suffice to convey the information 
indicates that the chemist is unfamiliar with the ra- 
pidity and efficiency of photography as applied to his 
requirements. To present in detail the perspective 
and proportions of apparatus and material by line 
drawing is difficult and often impossible, whereas it 
would be quite simple to apply a few general rules of 
photography and obtain excellent reproductions of the 
original subject for the contemplated paper or publi- 
cation. 


SUBJECT MATERIAL 


The range of subjects varies from the apparatus and 
materials of microchemistry to laboratory, experi- 
mental, and plant equipment. Since all kinds and 
types of subjects are to be considered under various 
conditions of illumination, location, and other variable 
factors, the task of securing satisfactory reproductions 
will depend upon the application of a few general con- 
siderations and the ingenuity of the photographer. 
Since glassware and laboratory equipment are more 
often photographed by the chemist than other subjects, 
these will be treated in some detail in the following 
paragraphs. . 

EQUIPMENT 


The commercial photographer has a wide range of 
cameras from which to choose, whereas the chemist, 
who only infrequently uses photography, must usually 
restrict himself to a folding camera, or possibly to a 
“‘box’’ camera of the popular type. For a negative to 
be satisfactorily copied for reproduction, the original 
print should be capable of being reduced in size. A 
camera which takes a picture about 31/2 inches by 5!/2 
inches (8.9 cm. X 14.0 cm.) is about the minimum size 
which can be expected to yield good results. If the 
chemist is in a position to borrow or purchase a larger 
type, the 5 inch by 7 inch (12.7 cm. X 17.8 cm.) semi- 
commercial type with anastigmat lens is recommended. 
Most folding cameras are equipped with a rectilinear 
lens which is far cheaper and more easily operated than 
the anastigmat lens, but which has not the advantage 
of equal minuteness of definition. 


The films or plates depend upon the type of camera 
used. Films have largely supplanted plates, especially 
in smaller cameras; hence only the former will be con- 
sidered. Since the time of exposure can be varied at 
will with inanimate subjects, it is not necessary to use 
a highly sensitive high-speed film. In general, most 
commercial medium-speed films are _ satisfactory. 
When retouching is contemplated, as for example, to 
add lettering or reference material to the negative, 
film fitted with a ‘‘matte-emulsion’’ should be selected, 
since this permits the use of a pencil for blocking-out 
or retouching. The ordinary films for popular-type 
cameras are panchromatic high-speed films, which 
do not give the most satisfactory results but which 
are nevertheless used for most amateur work. For the 
type of work we are discussing panchromatic film is 
usually unnecessary, for form rather than color value 
is ordinarily the essence of the illustration. 

It may be pointed out that when photographing in- 
teriors, where stray lights such as door openings and 
reflections from polished surfaces are allowed to fall 
on the plate, considerable blurring may be produced 
at the edges of the high lights. This is technically 
termed “‘halation.’”’ By the use of specially prepared 
plates or films of the ‘‘non-halation’’ type, very soft 
detail may be secured under the most trying conditions. 
Most of the popular camera films are of the non-hala- 
tion type. 

When a great deal of photography is contemplated, 
a tripod which permits the adjustment of the camera 
to any position and which is firm and rigid when set 
up is most desirable. 

Flood lamps, projectors, light boxes, filters, and 
other equipment used by the commercial photographer 
can, with a little ingenuity, be borrowed or improvised 
on short notice. Tin dish pans with 500- or 1000- 
watt lamps mounted inside make excellent flood lamps. 
A wire band should be mounted around the outer edge 
of such a lamp to permit the attachment of gelatin 
filters if necessary. Spotlights may be constructed 
from tin cans or tin plate if the necessary lenses are 
available, or they may be borrowed from the local 
theatrical supply house. 

Various other equipment such as material for back- 
grounds, flashlight equipment (seldom used for photo- 
graphs of this nature), and the equipment necessary 
for developing, fixing, printing, toning, and retouching 
will be required if the chemist desires to enter this 
field. 
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PREPARATION OF THE OBJECT 


Those objects which the chemist may have occasion 
to photograph may be grouped in general as glassware, 
metallic, and wood or composition material. Each 
type requires slightly different treatment. 

If correct films are used, with the correct illumina- 
tion, it is not often necessary to prepare the objects in 
order to obtain a fairly satisfactory photograph. If, 
however, it is desired to obtain a degree of accuracy 
and detail in the photograph, such as should be used in 
technical journals, then the object should be prepared 
so as to give the clearest definition and bring out the 
detail required. 

In some cases the high lights of polished glass give 
rise to reflections which produce halation in the finished 
plate or film. In order to “tent down’ these reflec- 
tions, the glass must be treated to decrease its reflecting 
power. There are many methods of accomplishing this, 
probably the most convenient of which is to make a 
dilute suspension of whiting in water with a small 
amount of glue, and then by means of an air-brush (an 
ordinary spray operated by hand or from the labora- 
tory pressure line) apply this ‘dope’ to the surfaces 
to be photographed. This mixture is easily applied 
and readily removed by warm water. If non-halation 
plates are used the foregoing treatment is unnecessary. 

Highly polished metallic surfaces may be dulled by 
rolling a ball of putty over them, or by applying finely 
ground chalk with a powder puff. Metallic surfaces 
of laboratory equipment have usually been painted 
black, or in dark colors which photograph black and 
which reproduce very dully and without detail. A 
slate-colored paint which will photograph well and bring 
out the necessary detail may be made by mixing white 
lead with turpentine and lampblack and adding a 
small amount of drier. This forms an excellent base 
and is readily removed with an oily rag. 

Other polished materials common to laboratories are 
usually dulled by applying powder from a powder puff 
and then gently rubbing it in so that the grain, if of 
wood, or the type of surface may be shown. 

Where no special treatment of the subject is neces- 
sary one important point should be noted; that is, 
the subject should be scrupulously clean, since smears, 
stains, and foreign matter are plainly apparent on the 
finished plate. 

When it is necessary to bring out details in appara- 
tus, as for instance to show the graduations of a buret 
or other types of calibrations, the parts to be stressed 
should be prepared by filling the graduations with 
powdered chalk, applying with a powder puff, and then 
rubbing in by hand and finally removing the excess. 
Chalked lines or marks are frequently used to indicate 
joints or the junctions between sections. 


ILLUMINATION AND TAKING THE PICTURE 


Textbooks and handbooks of photography seldom 
discuss the illumination of objects of glass or other 
transparent or semi-transparent material. 


There are 
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no fixed rules to define methods of securing correct il- 
lumination; the many variables make each photograph 
a special problem, and the method followed must usu- 
ally be one of experience or of trial and error. The 
following general methods have been used and found 
to give excellent results. 











FIGURE 1 


Figure 1 indicates the general arrangement for photo- 
graphing glassware. The subject A is illuminated by 
a back-light B, which may be a window or a ground 
glass with a weak light source behind it, and a front 
light C, a 1000-watt spotlight which is necessary to 
bring out the detail. Clean, unwrinkled, gray paper 
(blotting paper is satisfactory), or a blackboard which 
has been lightly dusted with chalk, may be used for 
the background D. The camera E is mounted with 
its centerline approximately coinciding with that of 
the apparatus. The combination lighting will give the 
general effect of opaquing the background, and at the 
same time of bringing out the details sharply. 
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Another method especially applicable to small parts 
rather than to apparatus set-ups is shown in Figure 2. 
This method makes use of a “‘light-box,”’, which con- 
sists of a square box open at both ends and lined with 
dull velvet, or felt, in order that reflections may be 
avoided. The subject A is placed in the box B, and a 
gray background C is arranged; an exposure is then 
made by the camera D using the weak front light £. 
After the first exposure the gray background is removed, 
a ground glass is substituted for C, and the small pro- 
jector F is used to illuminate the subject A from the 
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FIGURE 3 


rear. Another exposure, much shorter than the first, 
is then made. This is an ideal method of obtaining de- 
tail on small glass or other transparent material. It 
may be noted that if the room is made sufficiently dark 
and the front light source E is replaced by a weak spot- 
light, the box may be dispensed with. 

Where back-lighting is not used a suitable back- 
ground will be required. The choice of a light or dark 
background will be governed by the subject being 
photographed. Figure 3 is an excellent reproduction 
that makes use of a light background, while a dark one 
is used in Figure 4. The background in Figure 5 ap- 
pears to be of paper which is considerably creased, the 
result of which is to give a poor ap- 
pearance to the finished reproduc- 
tion. Poor illumination has failed 
to bring out the detail in this photo- 
graph. Figure 6 is a satisfactory 
photograph of a small glass ap- 
paratus, although refinements, such 
as balancing the background (remov- 
ing the shadows) and possibly giv- 
ing more detail to the metal parts, 
would have made a better photo- 
graph. 

An example of an apparatus lay- 
out, in which the contrast between 
high lights and areas of density is 
too great, is given in Figure 7, which 
is entitled “Hydrogen-electrode cell 
and potentiometer system.” The 
photograph is entirely unsatisfac- 
tory, in that not even the elements 
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even illumination from the front, 
and a more uniform background 
(replacing the white material by a 
gray), and possibly accentuation of 
connections and important parts, as 
previously described, would have 
produced a more useful photograph. 

The detail of Figure 8 is fairly 
good, but the title “View of appa- 
ratus for the determination of smok- 
ing point of fats’’—would certainly 
not indicate that several bottles, 
an extra hot plate, a shield, and 
reagent shelves are required to com- 
plete the picture. A uniform back- 
ground, exclusion of irrelevant ap- 
paratus, and possibly an attempt to 
indicate the electrical connections, 
would have improved the photo- 
graph considerably. 

Little can be said regarding ex- 
posure; the many variable factors 
usually make experience and the 
trial-and-error method the best 
rules to follow. When in doubt, take several expo- 
sures immediately after the apparatus has been pre- 
pared, remembering that laboratory fumes, dust, and 
dirt contribute to give poor reproductions by making 
smears and spots on the apparatus which show up 
vividly in the print. 

DEVELOPING, FIXING, RETOUCHING, AND PRINTING 

No attempt will be made to describe these general 
processes in detail since in most respects the treatment 
of material for reproduction differs but little from or- 


dinary art photographic processes. One point of dif- 
ference is that a gloss finish should be used on all photo- 
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of the system are distinguishable— 
much less their connections. More 
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graphs intended for reproduction. The degree of con- 
trast between light and dark areas should be somewhat 
higher than for ordinary work. 

If a picture is well taken it can usually be developed 
and prepared by the amateur, while, on the other hand, 
the commercial photographer is often able to produce 
a satisfactory print from a negative which is apparently 
worthless in the hands of the novice. For publication 
purposes especially, many amateurs prefer to have 
their plates or films developed by a commercial pho- 
tographer. For those interested in these processes, 
however, selected references are appended at the end 
of this article. 


* * *£ * KF * 


LANTERN SLIDES 


Lantern slides are often used by the chemist for 
demonstration and exhibition purposes. Tables, 


FIGURE 5 


charts, and apparatus diagrams are presented to au- 
diences more effectively and conveniently by the use 
of satisfactorily prepared slides than by any other 
method. 

The use of sensitized glass plates rather than sensi- 
tized paper for printing constitutes the chief difference 
between lantern-slide making and ordinary picture 
making. The general size of lantern plates in the 
United States is 31/,” by 4” (8.25 cm. by 10.2 cm.). 
Making due allowance for margin a camera picture 
21/.” by 31/2” (6.25 cm. by 8.25 cm.) is about the most 
convenient size to use. In the actual printing by the 
“contact”’ method, the first step is to place the nega- 
tive in correct position relative to the sensitized glass 
plate, which may be accomplished most effectively 
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by the use of a printing frame or holder. Exposure 
should then be made as in ordinary printing. Ifa 
portion of the negative is to be omitted a paper or 
cardboard mask slightly larger than the omitted sec- 
tion is made and placed between the printing frame 
glass and the negative. 

Another method of printing, termed ‘“‘copying’’ or 
“camera printing,’ makes use of a camera as in enlarg- 
ing. By this method it is possible to select a portion of 
a negative of any size and print that portion on the 
plate, the size being governed by adjustment of the 
camera combination. The most convenient arrange- 
ment is a fixed-focus lantern-slide box with the nega- 
tive to be copied placed at one end and the lantern 
plate at the other with the lens interposed between 
the two. Sharp definition is secured on a ground glass 
plate inserted in the lantern-slide position; the glass 
plate is removed and the lantern plate reinserted and 
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exposed by daylight or artificial light. A suitable 
apparatus may be improvised from a large plate camera 
and one of smaller size to accommodate the lantern slide. 
The two are mounted firmly with lenses toward each 
other. The lens of one is removed and the set-up is 
operated after the fashion of the fixed-focus lantern 
previously described. ; 

In general, development of the plate is more diffi- 
cult than that of the film negative or paper print, since 
the requirements regarding transparency of a few 
square inches of photograph through which all light 
must pass to illuminate the screen are rather exacting. 

Using a standard developer, a satisfactory method of 
procedure is to keep the composition of the developer 
constant and vary the time of development over a series 
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FIGURE 7 


of plates. The novice should then compare 
his slides with one made by an expert, and 
thus approximate correct development. 

The ensuing steps of fixing, washing, re- 
duction or intensification, and drying, are 
carried out in about the same manner as 
ordinary developing. It should be borne in 
mind, however, that all solutions should be 
filtered and that the apparatus used should 
be scrupulously clean, since dirt or dust pro- 
duce blemishes which are greatly magnified 
when projected on the screen. Some slide 
makers deliberately develop to a greater 
density than necessary and then reduce 
with a 10 per cent. potassium ferricyanide 
solution, which is most effective in clearing 
up the high lights and giving the slide a 
finished appearance. 

Mounting the slide consists of placing a 
cover glass over the sensitive side of the 
plate in order to protect it against handling, lantern 
heat, and dirt. Gummed paper, or better still, gummed 
linen, should then be used to bind the cover glass to 
the plate, allowing about one-quarter inch (0.6 cm.) 
margin on the plates on both sides. When the slide 
is held in the correct position for placing in the lantern, 
a visible mark (a 5-mm. gilt paper star is excellent) 
should be placed in the upper right-hand corner. 

In the preparation of charts, curves, and diagrams 
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for lantern-slide exhibition, care should be taken to 
make the work as perfect as possible since errors are 
greatly magnified. Lettering especially is often un- 
sightly and should be used as sparingly as possible for 
this type of work. Care should also be taken to photo- 
graph the charts correctly and without distortion due 
to creasing or bending. Black ink only should be used. 

The quality of the average slide made by the amateur 
is rather poor. The chemist particularly should strive 
to maintain his ‘‘visual reports’ at the same level of 
excellence as his accomplishments in the laboratory. 
The same summary applies to the other phases of 
“Chemical Drawing’’ discussed in the preceding papers, 
and it is with this thought and its implied challenge to 
those who would make chemical illustrations, that this 


series is closed. 
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CHEMISTRY ASSEMBLY PROGRAMS’ 


ORBUN V. POWELL 
Galena High School, Galena, Kansas 


Superintendents, principals, and teachers realize the 
importance of presenting interesting and worth-while 
subject matter in their high-school assemblies. The field 
of chemistry holds an important place in this phase of the 
educational program. 

The purpose of this article 1s to assist in setting up 
guiding principles and to offer many practical suggestions 
that will aid the chemistry teacher in presenting chemistry 
assembly programs. 


++ oe oo + 


N MANY schools the chemistry teacher is not 
expected to be responsible for any chemistry 
assembly programs. However, it seems that as 

important a subject as chemistry should have at least 
one assembly period devoted to it each school year. 
The wide-awake chemistry teacher will see to it that he 
is given opportunities to present several chemistry pro- 
grams to his school. 

In tracing the history of the high-school assembly 
we find three rather distinct stages in its development.' 
The first of these might well be termed the sermoniz- 
ing or moralizing stage, in which the major portion of 
the assembly period was devoted to sermons given by 
either the principal or a teacher who had previously 
been a minister, and the remainder was occupied by a 
series of announcements. 

The second stage is that of faculty and some student 
participation. This is the one in which most of us find 
ourselves at the present time. 

The third stage, and the ideal one, is a combination 
of faculty, student, and audience participation. The 
audience may participate in several ways. Auditors 
may judge which is the better of two methods of 
presenting a particular scientific law or explanation. 
They may judge the merit of a series of assembly pro- 
grams or they may look for the answers to a group of 
questions presented to them. 


OUTCOMES 


In planning an educational program it has been custo- 
mary to determine the desired educational objectives. 
At present, there is a decided trend toward emphasizing 
the outcomes to be derived from the particular program 
rather than the immediate educational objectives. 

In accordance with this idea, there seem to be several 
definite outcomes or results that might be expected to 





* This paper was presented at the “Science Round Table” in 
Parsons, Nov. 5, 1933, and at the meeting of ‘‘The Association 
of Physical Science Teachers of Kansas” in Wichita, Feb. 3, 1934. 

1 The writer received several helpful suggestions from the 
text by HarryC. McKown, “Assembly and auditorium activi- 
ties,” The Macmillan Co., New York City, 1932, 462 pp. 


accrue from well-planned chemistry assembly programs. 

One is the motivation and supplementation of class- 
room work. While classroom work is not the only 
phase of the educational program, it is still the most 
important one and the one around which all other acti- 
vities should center. 

Another important outcome is the widening and deep- 
ening of pupil interests. The average student has few 
interests, and program participation, either as a student 
or as a member of the audience, will tend to increase 
and deepen his interests. For example, a portion of one 
period may be devoted to a brief exhibition and ex- 
planation of the process of extracting lead from its ore. 
This may be the principal factor in motivating some 
student to make a collection of minerals or to undertake 
some personal investigation relative to the processes of 
extraction of other metals. 

A third is the development of self-expression. It is 
often necessary for the members of the class to write 
their own playlet or conversation in order to bring out 
the points they desire to emphasize. Not only in the 
preparation and presentation of original playlets or con- 
versations are opportunities for self-expression pro- 
vided, but also in the production and presentation of 
published playlets. 

A fourth important outcome is that of a realization of 
the importance of chemistry in daily life. Too often 
we as chemistry teachers become so absorbed in subject 
matter that we forget to emphasize the importance of 
our subject. Thus assembly programs provide us with 
the opportunity of showing how significant chemistry is 
in life. 

No doubt the reader will be able to add other worth- 
while outcomes to these few that have been suggested. 


EDUCATIONAL PRIN CIPLES 


In an educational project of this type there is a need 
for some guiding principles by which to build a well-or- 
ganized program. A few will be mentioned. 

It seems unnecessary to point out the fact that the 
program should be educational as well as entertaining. 
Yet only too often our assembly programs tend toward 
entirely ignoring the educational function. With the 
abundance of material that is available from which to 
develop a program it is unnecessary for the chemistry 
teacher to devote the majority of his program wholly to 
entertainment. 

In addition to being educational the program should 
have interesting variety. A series of talks will bore 
the audience. If more than one chemistry program 
is to be presented during the year it might be advisable 
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to emphasize demonstrations at one program and plays 
at the other. 

In the preparation and presentation of the program 
as many students as possible should be used. Some 
pupils may not fit a particular play, but these pupils 
may have a part in assembling the apparatus or in see- 
ing that the stage is properly arranged; others may pre- 
pare and distribute the printed programs. 

Another important educational principle is to adapt 
the program to the audience. As it is unlikely that all 
pupils have previously taken science courses, the 
explanations and demonstrations must be so planned 
as to be intelligible to the entire group. 

The teacher should have some objective standards by 
which to judge his program. No doubt each teacher 
has personal standards which he hopes to attain. To be 
scientific these should be listed. Such a set could well 
include the previously mentioned ‘Outcomes’ and 
“Educational Principles.”’ 


TYPES OF PROGRAMS 


There are three types of programs that can be used. 
The first of these may be termed the *‘ ‘pure’ chemistry”’ 
type. In this type of program the history of chemis- 
try, its fundamental laws, principles, and methods are 
presented. 

In the second or the ‘‘applied chemistry” type many 
important applications of chemistry can be shown. 
Drinking water may be tested for sediment, organic 
matter, color, odor, total solids, and degree of hardness.” 
The removal of grass, mildew, sugar, grease, and fruit 
stains on fabrics can be demonstrated.* A group of 
students can show how silverware can be easily cleaned.‘ 
(Boil in a solution of NaCl and NaHCO; in an aluminum 
pan.) How chemistry is applied in the field of com- 
munications’ can be shown by means of posters® and 
discussions. 

The third type of program may be designated as 
“chemical magic.’’’ Such demonstrations as the 
making of fire by merely pouring a liquid on a substance 
(glycerin on potassium permanganate) or the changing 
of water to ‘‘milk’’ (dilute HCl poured into beaker the 
bottom of which is covered with AgNO; solution) will 
add interest to the program and can be used to bring 
out some important chemical principles as well. 

The ideal chemistry assembly program will make use 

2J. M. Biancwarp, “Household chemistry. A laboratory 
guide,” Allyn & Bacon, Chicago, 1912, pp. 28-9; L. B. ALLyN, 
“Elementary applied chemistry,’’ Ginn & Co., Chicago, 1912, 
pp. 28-34. 

’N. H. Back anv J. B. Conant, “Practical chemistry,” 
The Macmillan Co., New York City, 1927, p. 429. 

*R. C. Burre t, “Chemistry for students of agriculture and 
home economics,’”’ McGraw-Hill Book Co., New York City, 
1931, p. 344. 

5 “Chemistry of communication,” Chem. Leaflet, 6, 1-25 
(Apr. 27, 1938). 

®E. E. RADEMACHER, “Making posters for chemistry,” J. 
CHEM. Epuc., 8, 688-98 (Apr., 1931). See No. 6 under the 
heading ‘“‘Magazine Articles.” 

_ 1™ The following magazine references at the end of this article 
include suggestions for the ‘‘Chemical Magic’’ program: num- 


bers 3, 4, 10, 11, 12, 13, 14, 16, 19, 21, and 24. Eachof the 
books listed includes several suggestions. 
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of all three above-mentioned types of presentation. 


METHODS OF PRESENTATION 


A few methods of presenting various chemical facts 
and principles have already been suggested. These 
with others will be discussed further. 

Probably the most common and the most overworked 
method is by means of talks. This method has its place, 
and some important topics, such as ‘How Chemistry 
Grew from Alchemy’”’ can best be treated in this manner. 

Another method of presentation is the interview in 
which one student might take the part of an employer 
and another, or several others, prospective employees. 
By the use of this idea the vocational aspects of chemis- 
try can be considered.* Such vocations as those of the 
industrial chemist, the research chemist, and the 
chemical engineer could be discussed and the essential 
requirements of each emphasized.’ 

Many interesting demonstrations and discussions 
pertaining to them can be given. One of the most 
interesting and well prepared that the writer has seen 
was worked out by a student last year. The title of 
this demonstration was ‘‘Acids, Bases, and Salts.’’ The 
student showed by demonstration and discussion how to 
distinguish each and the importance of each. 

A convention of ‘‘leading scientists’? may be held. 
Here the contributions of such men as Bessemer, 
Lavoisier, Priestley, and Bunsen can be shown.!? 
Several original papers of famous scientists have been 
translated into English.11 The convention will pro- 
vide an opportunity for presenting some of these ar- 
ticles, or at least excerpts from them. In programs of 
this type the codperative spirit of research should re- 
ceive emphasis. The ultimate gain to civilization in 
knowledge and physical advantages as a result of the 
efforts of men of science should be stressed. 

If the auditorium is equipped for motion pictures this 
medium can be utilized occasionally.’* If silent 

8 ALEXANDER SILVERMAN, ‘“‘The chemistry profession: prepa- 
ration, opportunities,” J. CHEM. Epuc., 4, 479-88 (Apr., 1927). 

9 “Chemical engineering, research No. 16,’ The Institute for 
Research in the Professions and Vocations, Chicago, IIl., 1930. 

10 Several articles relative to the lives and contributions of 
different chemists may be found in issues of the JOURNAL OF 
CHEMICAL EpucaTION. Several books are available; one per- 
taining to chemists is: B. Harrow, ‘‘Eminent chemists of our 
time,’’ D. Van Nostrand Co., New York City, 1920, 248 pp. 
A book that deals with outstanding men in the whole field of 
science is: Puitrep LENARD, “Great men of science,” The 
Macmillan Co., New York City, 1933, 389 pp. 

11 See the Sct. News-Letter, Mar. 10, 1934, pp. 157-8, for a 
catalog of ‘Classics of Science.” The ‘‘Classics of Science” are 
accurate copies of translations into English of the original 
writings of scores of famous scientists. 

12 Free loan and rental films can be obtained from several of 
the state universities. Several companies loan films free, asking 
that the school pay transportation charges only; some rent 
films; others sell directly. Lists of these companies can be 
found in “Directory of Film Sources,” Victor Animatograph 
Corporation, Davenport, Iowa; ‘1000 and One, the blue book 
of non-theatrical films,’’ The Educational Screen, Chicago or 
New York City; ‘Free films,” Acme Motion Picture Projector 
Co., Chicago. Films may be purchased directly from “Society for 
Visual Education, Inc.,’’ Chicago. For a small registration fee 
films may be borrowed from the Y. M. C. A. Motion Picture 


Bureau, Chicago or New York City. The United States Bureau 
of Mines, Pittsburgh, Pa., has several free loan films available. 
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pictures are used, members of the chemistry classes 
should be prepared to discuss in detail some of the more 
important points brought out by the picture. 

Radio receiving and broadcasting can be used. The 
easiest to prepare, and probably the most interesting, 
is the broadcasting type of program. The group of 
entertainers, with the aid of a dummy microphone, 
“broadcasts” a program from the stage “‘studio.”’ 

Illustrations of all three types of programs—‘ ‘pure’ 
chemistry,” ‘‘applied chemistry,” and “‘chemical magic” 
will be found in a good chemistry play. For this rea- 
son and also because the writer has in the past had 
considerable difficulty in locating plays, he decided to 
make a list of those available. The annotated bibliog- 
raphy appended includes all of those that he was able 
tolocate. In addition to play references there are some 
that include suggestions for demonstrations. The 
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list also includes some good books that can be used in 
the preparation of the “‘chemical magic” type of pro- 
gram. 

The writer feels that there is a dire need for a hand- 
book of definitely planned chemistry programs.* 
Until we have such a book each science instructor will 
have to devote a lot of time amd energy to organizing 
the material he plans to present. 

It is sincerely believed that this article will fill an 
important place in this phase of the busy science 
teacher’s work. The outcomes, guiding principles, 
types of programs, methods of presenting chemical 
facts and principles, and list of available plays, pre- 
sent practical suggestions that will be of timely 
assistance. 


* The writer will be glad to receive copies of science programs 
from any of his readers. 


BIBLIOGRAPHY 


** Plays marked in this manner are considered by the writer the best of the group for use in high-school chemistry assemblies. 


Magazine Articles 


(1) **Bateman, ANNE, “Chemistry saves the day,” J. CHEM. 
Epuc., 7, 164-6 (Jan., 1930). 

This is a one-act playlet for seven characters. The 
length is approximately eight minutes. The importance 
of chemistry is emphasized. 

(2) BELiis, BERTON, “I am a chemist,” Gen. Sci. Quart., 9, 
89-90 (Jan., 1925). 

This monolog is suitable for a special number in a 
program pertaining to alchemy or chemistry. 

(8) Bercen, R. C., “Chemistry on the high-school stage,’’ J. 
Cuem. Epuc., 6, 963-5 (May, 1929). 

Instructions are given for several experiments. Those 
suggested are well adapted to the high-school stage. 

(4) Briiincer, R. D., “A night in alchemy,” zbid., 5, 715-24 
(June, 1928). Also Chem. Leaflet, 4,22-9 (Mar. 19, 1931). 

The cast consists of three characters on the stage and 
two or three helpers off-stage. The play consists largely 
of chemical stunts. 

(5) Briincer, R. D., “Illustrating the black art,’’ J. CHEM. 
Epuc., 3, 897-902 (Aug., 1926). 

Consists largely of suggestions for brief presentation of 
alchemy. Several symbols and demonstrations that lend 
mystery to the performance are included. 

(6) Connon, J. J., “Chemistry exhibits in the small laboratory,”’ 
thid., 7, 1649-55 (July, 1930). 

This’ article includes a list of illustrated posters which 
could well be used in an assembly program. 

(7) Dunsar, R. E., ‘“‘Chemistry for fun,’’ Sct. Educ., 14, 547-8 
(Mar., 1930). 

Twelve titles of books and twenty-seven other refer- 
ences are included. These references will be valuable in 
gathering material for assembly programs. 

(8) Farson, M. E., “The Cinderella of the metals,” J. CHEM. 
Epuc., 2, 57-61 (Jan., 1925). 

This play is based on “Group One’”’ of the periodic 
table. It is a two-act play, the cast consisting of nine 
members, six boys and three girls. 

(9) Hatx, A. L., e¢ al., ““The new assistant,” ibid., 2, 600-4 
(July, 1925). 

A one-act play requiring a minimum of nine actors, one 
of whom should be a girl. The advantages of the metric 
system are shown. 

(10) **Hanske, C. F., “A science auditorium program,” Sch. 
Sci. Math., 30, 884-93 (Nov., 1930). 

The play “The triumph of science” is included. By 
changing portions of this play it can be arranged so as to 
fit any local situation and at the same time as many 
pupils may be given parts as is desirable. 

(11) Hazarp, I. W., “The Diamond Dick lunch room,” Chem. 
Leaflet, 4, 25, 29 (Jan. 29, Feb. 5, 1981). 

This play is largely of the entertaining type. The time 

required is about forty minutes. 


(12) Heintz, W. W., “A janitor’s life,” 
1793-6 (Oct., 1929). 

Several demonstrations are included in this rather 
difficult play. It is best adapted for an evening per- 
formance 

(18) Jorpy, L. C. ‘All wet—a scientific (?) treatise on water,” 
Chem. Leaflet, 6, 2-9 (Sept. 22, 1932). 

Two characters, either advanced students or instructors, 

are needed for this play. Several demonstrations are 


J. CHem. Epuc., 6, 


included. 
(14) Jorpy, L. C., “Explosives: a burlesque lecture,’ J. CHEM. 
Epuc., 7, 653-9 (Mar., 1980). 

Since this play involves some difficult demonstrations 
it is probably best adapted for the teacher’s personal 

presentation. 

(15) a oto L. C., ‘How times have changed! 
two acts,” ibid., 8, 256-69 (Feb., 1931). 

According to the author, “The aim of this play is to 
contrast the attitude of the general public toward the 
scientist today as compared with three centuries ago.” 

(16) Lamar, W. L., “The Arabian barber shop,” zbid., 6, 2011-8 
(Nov., 1929). 

Some excellent chemical tricks are included in this one- 
act comedy. The cast requires two characters and should 
be presented under expert supervision. 

(17) Lamar, W. L., “The fraternity initiation—a one-act bur- 
lesque,” ibid., 6, 2254-9 (Dec., 1929). 

The cast of this one-act burlesque requires eight 
characters. 

(18) Lonr, V. C. AND Hot.ey, CiirForp, “Differences between 
solids, liquids, and gases,’ Sch. Sci. Math., 31, 39-40 
(Jan., 1981). 

In this one-act play for three girls a brief explanation 
of adhesion, cohesion, surface tension, elasticity, and 
tenacity is included. 

(19) Lunt, J. R. AND HALgy, D. C., “Fire kindling,” Sci. Educ., 
14, 551-5 (Mar., 1930). 
Five different methods are given for starting a fire. 
(20) **McGur1u, M. V., ‘Open meeting of the chemistry club of 
ios). High School,” J. Cuem. Epuc., 2, 294-304 (Apr., 
1925). 

As many students may be given parts in this play as 
is desirable. The play is largely of the educational type. 
The general topics discussed are: ‘‘Chemistry and 
National Safety,’ ‘‘The Relation of Chemistry to Agri- 
culture,” ‘“‘The Relation of Chemistry to Medicine,” and 
“Chemistry and Nutrition.” 

(21) Magic mixers of Notre Dame Academy, Cleveland, Ohio. 
‘Why do they call it a drug-store?’’ Chem. Leaflet, 6, 
14-8 “(May 4, 1933). 

This short play is largely of the entertaining type. 
Some chemical stunts are included. The cast is com- 
posed of four boys and eight girls. 

(22) **National Board of Fire Underwriters, ‘‘Trial of fire.” 
New York City: National Board of Fire Underwriters. 


A playlet in 
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By the addition of some interesting experiments this 

playlet is made suitable for a fire-prevention program. 

(23) OsBouRNE, R. W., ‘‘The chemistry of water,’ Francis W. 
Parker School Year Book, 2, Chicago: Francis W. Parker 
School, 1913, pp. 84-9. 

Three boys, three girls, the sponsor, and the audience 
take part in this program given by the physics and 
chemistry classes. 

(24) Orro, CARL AND FREEDMAN, H. B., “‘A chemical vaudeville 
show,” Sch. Sci. Math., 28, 755-63 (Oct., 1928). 

Many suggestions are given for stunts that must be 
presented under expert supervision. 

(25) Ruppick, Dororuy, et al., ‘Interference—a chemical 
play,” J. Cuem. Epuc., 4, 905-7 (July, 1927). 

This one-act play deals with relationships of atoms, 
molecules, valence, and certain elements. 

(26) **SHELTON, J. A., “Ion visits the realm of air,” Sch. Sct. 
Math., 26, 960-5 (Dec., 1926). 

By the insertion of some chemical stunts involving 
H20, COs, Ne, and Oz this one-act play would be made 
both educational and entertaining. 

(27) SHort, D. L., “A playlet—with a grain of salt,’’ Chem. 
Leaflet, 5, 188-92 (Oct. 15, 1931). 
The cast for this playlet includes seven boys and six 


girls. 
(28) Suort, D. L., ‘‘The halogen family argues,” zbid., 5, 129-32 
(Oct. 8, 1931). 
This one-act play involves the halogen family of ele- 
ments. 
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(29) Wxitman, W. G., “An assembly program: a pageant— 
Edison, our foremost inventor,” Sci. Educ., 14, 456-67 
(Jan., 1930). 

An excellent portrayal of Edison’s life and his con- 
tributions to science. A very educational and also enter- 
taining pageant. 

(30) **WooLLEy, Mary, “Life of William Henry Perkin,” Sci. 
Leaflet, 7, 25-32 (Apr. 26, 1934). 

This educational play presents some of the vocational 
aspects of chemistry. The importance of Perkin’s dis- 
covery of coal-tar dyes is emphasized. The play is pre- 
sented in four scenes with a cast of six. 
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JOHNSON, VALENTIN E., “Chemistry and chemical magic,” 
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Yates, R. F., “Boys’ playbook of chemistry,’’ The Century 
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NOTES on SIMPLE 


HOME-MADE 


LABORATORY DEVICES 


HARRIETT H. FILLINGER* 


Hollins College, Hollins, Virginia 


FEW very simple, home-made laboratory 
devices have found constant use in our labora- 
tory for several years. In the hope that they 

may Offer helpful suggestions to others they are herein 
reported. 

Figure 1 shows a storage battery carriage made of 
scraps of lumber and four ball-bearing roller casters 
purchased at a dime store. Only a moment’s reflection 


is necessary to convince the reader of the usefulness of 
this article. After one has lifted and carried a few 


jist 


Shae 


FIGURE 2 
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FIGURE 1 


storage batteries about the laboratory the thought of 
having a chance to “‘kick’”’ one about the room easily, 
at will, offers an appeal to his pent-up emotion as well 
as to his ideas of conservation of physical energy. 
Figure 2 shows cork stoppers used as test-tube stands. 


* The writer is indebted to Professor Fritz Marti of Hollins 
College for the diagrammatic drawings used. 


These, even the flatter ones, hold a 25-millimeter tube 
firmly and securely. If both the holder and the stopper 
in the test-tube are painted black with India ink or 
with flat black paint the whole presents a most attrac- 
tive appearance in a display cabinet. 

A convenient pipet is made by 
attaching to an ordinary two-milli- 
liter graduated pipet a bulb from an 
ordinary medicine dropper. This is 
most useful in removing from a bottle 
small quantities of such liquids as 
bromine. 

A laboratory pen can be made from 
a pen point, a glass rod, and a piece 
of rubber tubing. Any number of 
such pens can be prepared at little 
expense—one for each color of ink 
which one desires to use. Students delight in these. 

Figure 3 is presented as a freshman chemistry student 
contribution which has proved helpful to students 
over a period of several years. The test-tube clamp 
holds the small beaker firmly in a somewhat more 
nearly vertical position than that shown in the dia- 
gram during the boiling of the water in the larger 
beaker. This diagram shows a very satisfactory ar- 
rangement for securing a large number of water-baths 
at no extra expense. 
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ST. COSMAS and ST. 


DAMIAN, 


PATRON SAINTS of 
MEDICINE and PHARMACY 


CHARLES H. LaWALL 


Philadelphia College of Pharmacy and Science, Philadelphia, Pennsylvania 


HERE are many physicians and many pharmacists 

living today who would be willing to accept beati- 

fication and canonization for services rendered. 
They would not even believe it necessary to prove their 
eligibility; they would admit it. 

There are two characters, jointly linked with phar- 
macy and medicine, however, who, for more than fifteen 
hundred years have been revered in European profes- 
sional circles as the patron saints of these two callings. 
They are Cosmas and Damian. Their story is so un- 
usual that it seems to belong to the mythology rather 
than to the history of the professions. 

If one tries to learn something about them in the 


FIGURE 1.—OIL PAINTING OF COSMAS AND DAMIAN IN THE 
GrrRMANIC MusEuUM IN NUREMBERG 


ordinary reference works, little or nothing is found. 
Even the Encyclopedia Britannica is silent concern- 
ing them. When we do piece together the fragments 
oi the story as found in various sources, mainly in the 
older pharmaceutical literature, we find they were of 
sufficient importance in the early days of the Church for 
Justinian to erect a basilica to their memory in Con- 
stantinople, and Pope Felix IV to erect a church to 
their memory in Rome, both in the 6th century. 

The traditions say that they were Mohammedans 
by birth, but having embraced Christianity, they were 
shining marks for the agents of the Emperor Diocletian 
when he undertook to wipe out Christianity+in the first 
decade of the century made famous by Constantine, 
the emperor who changed the name of Byzantium to 


Constantinople. They lived 
in the Syrian city of Egea, 
whose mayor, named Lysias, 
arrested them and con- 
demned them to death for 
being Christians. They are 
supposed to have been Wile, Book dee, 
brothers, one a pharmacist BIAN Woop CARVING OF 
and the other a physician. is bogs IN THE 
= : * s AISER RIEDERICH 

At this time it was forbid- Museum, Banu 
den for Christians to prac- 
tice the healing arts, and tradition also says that it 
was in this period that physicians placed the sign of 
Jupiter or Zeus (2|) at the head of their prescriptions, 
to prove their adherence to the ancient faith, the rem- 
nant of which practice still remains in the stroke across 
the R in that familiar symbol of the prescription in 
modern medicine and pharmacy. 

The mythical part of their story is concerned with 
their execution. Drowning was first tried, but an angel 
loosed their bonds and aided them to swim ashore. 


FicureE 3.—AN ALTAR PAINTING IN THE STUTTGART ART 
GALLERY, SHOWING SAINTS COSMAS AND DAMIAN 
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FIGURE 5.—W00D-CARVED 
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Burning at the stake was 
next attempted, but there 
was a back-fire which killed 
the executioners, while the 
victims remained unharmed. They were then tied 
to crosses with orders that they were to be stoned and 
to serve as targets for the archers. The stones and 
arrows flew wide of the mark and rebounded with fatal 
effect on the executioners. They were finally, and suc- 
cessfully, beheaded. 

Their friends took their bodies to Cyrus in Syria 
where a tomb was erected which became a shrine for 
many years and where scores of miraculous cures were 
said to have been effected. Several hundred years 
later, the Emperor Justinian, believing himself to have 
been cured of a serious illness by 
their intercession, built the basilica 
previously mentioned, to their 
memory in Constantinople, and 
shortly after they were canonized 
by Pope Felix II, who took their 
bones to Rome and erected a 
church in their honor on the Via 
Sacra; and this church was the 
converging point for ailing pilgrims 
for centuries. 

One of the miraculous cures 
which was reported is connected 
with early European pharmacy in 
an interesting manner. A man 
with a diseased leg had implored 
their aid and dreamed one night 
that Cosmas and Damian were 
holding a consultation over his 
case and had concluded to replace 
his leg with that of a Moor who 
had just died. When he awoke 
he found that he had a new leg 
of ebony hue which relieved his 
infirmity. The report of this cure 
not only added to the reputation 
of the saints, Cosmas and Damian, 
but linked the “Moor” with 
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one finds pharmacies in the Teu- 
tonic countries with an emblem of 
the Moor and the accompanying 
title “‘Apotheke zum Mohren.”’ 
For many centuries the 27th day 
of September, which is supposed 
to be the anniversary of the martyrdom of these 
Christian saints, has been celebrated by physicians 
and pharmacists in certain parts of Europe, where 
they have always been revered as patron saints of 
medicine and pharmacy. 

One of the most memorable of these celebrations was 
held by the Vienna Medical Society in the year 1700, 
in which physicians and pharmacists joined in a solemn 
service to the memory of Saints Cosmas and Damian 
in one of Vienna’s great churches. 

None of the early accounts of 
Cosmas and Damian tell which 
was the physician and which the 
pharmacist, and the artists who 
have frequently utilized this theme 
have not always been in agree- 
ment. We have an interesting 
series of illustrations to present 
in connection with this article. 
Illustration No. 1 is a photograph 
of an oil painting of the 15th 
century, from the Germanic 
Museum in Nuremberg. In this 
picture Cosmas is obviously the 
pharmacist, as he has a medicine 
container and a spoon, while 
Damian has the uroscope flask, 
well known in ancient medical art. 

Illustration No. 2 is a carved- 
wood figure of Cosmas, executed 
by a Swabian artist and now in 
the Kaiser Friederich Museum 
in Berlin. 

Illustration No. 3 is a photo- 
graph of an altar painting of the 
Ravensburg School of Artists, and 
is now in the Stuttgart Art Gallery. 
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pharmacy in such a manner that 
for centuries past, and even today, 


FIGURE 8.—COSMAS AND DAMIAN IN THE 
Act OF HEALING, FROM AN OLD WoopcuTtT 


Here Cosmas on the left is shown 
holding the uroscope flask, while 
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Damian on the right holds the container which is 
almost a duplication of the one held by Cosmas in 
No. 2. 

In illustration No. 4 we have a reproduction of an 
old woodcut by Hans Wechtlein, from a surgeon’s 
handbook published in Frankfort in 1551. Here Cosmas 











FIGURE 9.—CoSMAS AND DAMIAN FROM A WoopcutT 
FROM AN EARLY HERBAL 


The framed page is in the Squibb Collection of Pharma- 
ceutical Antiques. 


holds the uroscope flask, while Damian holds the con- 
tainer and spoon. 

Illustration No. 5 shows two carved wood busts on 
pedestals, once displayed in an old Augsburg pharmacy. 

We find in illustration No. 6 another carved wood 
figure from an old Augsburg pharmacy. This is desig- 
nated ‘“‘The Holy Cosmas.’’ Here Cosmas is shown in 
the mitre and robes, and carrying the crook of a bishop 
in one hand, while in the other he holds a pharmacy 
jar. 

Carved wood busts are again shown in illustration 
No. 7. These are from an old pharmacy in Allgau. 
Cosmas is shown with a medicine jar and a spoon, 
while Damian seems to have turned chemist, for he is 
holding a retort and a book. 
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In illustration No. 8 we see a reproduction of an old 
woodcut in the possession of the Vienna Medical 
Society. 

Illustration No. 9 is from a woodcut occurring on a 
page torn from a very ancient book (probably an herbal 
and perhaps an incunabulus), and framed. This is 
from the Squibb collection of pharmaceutical antiques 
and was one of the items exhibited at the Century of 
Progress Exposition in Chicago in 1933. 

In illustration No. 10 we see a rather poor repro- 








Figure 10.—A SrxTH-CENTURY Mosaic or Cosmas 
AND DAMIAN FROM THE APSE OF THE CHURCH OF 
SAINTS COSMAS AND DAMIAN IN ROME 


duction of the mosaic in the apse of the Church of 
Saints Cosmas and Damian in Rome. This is the most 
ancient of all of the illustrations and dates from the 
6th century. 

One of the most interesting of the art forms in which 
these subjects have been utilized is in the heroic stone 
sculptured figures of Cosmas and Damian which are 
among the dozens of similar statues which adorn the 
front of the Salisbury Cathedral in England. Almost 
over the main doorway are the two saints. Here St. 
Cosmas has the spoon and the medicine jar, but St. 
Damian has a mortar and pestle. 
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You come to the chest of knowledge. It is shut, it is bolted, but... you have the key; put tt in steadily and home. 
But what is the key? It is the love of truth;, neither more or less; no other key opens it; no false one, however cun- 
ning, can pick that lock; noassault of hammer, however stout, can force it open; but with its own key, a little child 


may open it; often does open tt.—JOHN BROWN 





An UNPUBLISHED PAPER 
of COUNT RUMFORD’ 


“On the Specific Gravity, Diameter, Strength, Cohesion, etc., of Silk’ 
LUCIA M. H. LOWRY,' CHARLES D. LOWRY, JR.,* anp JOHN RICE MINER? 


‘ ‘ YHILE engaged in research on Rumford’s life 
in preparation for a biography in which the 
present authors are collaborating, Mrs. Lowry 
discovered this manuscript in the library of the Royal 
Society of London. It was sent from Munich under 
date of June 24, 1786, to Sir Joseph Banks, then Secre- 
tary of the Society, and read at its meetings of Janu- 
ary 11 and 18, 1787. 

Although it is now but a scientific curiosity, the essay 
is nevertheless of great interest because it shows clearly 
certain general characteristics of Rumford’s work— 
keen analysis of the problem, careful experimentation, 
and joy in quaint philosophical speculation. 

Scientists recognize Rumford primarily for his work 
on heat. Few realize the picturesque quality and ro- 
mance of his life. Born Benjamin Thompson in Wo- 
burn, Mass., in 1753, he early showed a taste for natural 
science and mathematics, and no great liking for 
farming and shopkeeping, occupations more likely to 
make him successful in his home community. A term 
of lectures by Professor Winthrop at Harvard fixed his 
bent toward natural philosophy. He nevertheless had 
many other interests. 

He was a Major in the New Hampshire militia at 
19, and when he was 22, at the outbreak of the American 
Revolution, the jealousy of his associates prevented 
his obtaining a commission in the Continental ranks 
and drove him to join the British forces. Sent as a 
messenger to London, he became Undersecretary to 
Lord George Germain, American Secretary. He found 
time from his official duties to conduct scientific re- 
search on gunpowder and on cohesion, which won him 
membership in the Royal Society in 1779 at the age 
of 26. A member at the same time was Priestley, to 
whose work Rumford several times referred, although 
there is no record that they ever met. 

In 1782, coincident with the downfall of his patron, 
Germain, Thompson gained the command of cavalry in 
the British forces in the Carolinas and on Long Island. 
After the war he entered the service of the Elector of 
Bavaria, and for 13 years was the power behind the 
throne in that country. Besides his activities as chief 
of staff of the Bavarian army, organizer of poor relief, 
and even supervisor of pawnshops, he carried out 
extensive scientific studies which included the classic 





* Presented before the Division of the History of Chemistry, 
American Chemical Society, at the 86th meeting, Chicago, IIl., 
Sept. 11-15, 1933. 

7 Evanston, Ill. 

t The Johns Hopkins University, Baltimore, Md. 


cannon-boring experiments on heat. In 1798 he re- 
sumed residence in England, and, when about that 
time he considered returning to this country, President 
Adams offered him the position of first Commandant 
of West Point, in spite of his affiliations in the Revolu- 
tion. He remained in England in order to found the 
Royal Institution. In the year of 1805 he married the 
widow of Lavoisier and moved to Paris, where he lived 
until his death in 1814. 

This paper is published with the consent and approval 
of the Royal Society of London, to whom we wish to 
extend our thanks for their courtesies. 


* * * * 


Munich 24th June, 1786. 
Dear Sir: 


In the prosecution of a course of Experiments, which 
I began several years ago upon the force of Cohesion, 
or Strength, of various bodies (an account of which I 
intend soon to publish), in order to ascertain the volume, 
or solid contents of a cylinder formed of a number of 
single threads of raw silk, whose strength I was desirous 
of determining, not being able, on account of their 
extreme fineness, to measure the diameters of these 
threads, I had recourse in this, as in many other like 
cases, to the well known method of computing the 
solidity of bodies from their weights and specific 
Gravities; But as I could not find Silk in any of the 
tables of the bodies whose Specific gravities had been 
determined it became necessary for me to determine its 
specific gravity myself,—and it was in the prosecution 
of the various experiments which I was obliged to 
make for that purpose that I was led to the train of 
observation and experimental Enquiry which will be 
the subject of this Letter. And as in Philosophical 
Researches the history of the observations leading to 
any general Conclusion or new discovery is always 
interesting, and is often necessary in order to our 
judging with greater certainty of the phenomena de- 
scribed, and of the consequences drawn from them, I 
shall give an account in detail of these my experiments, 
not only in the same order in which they were made, 
but in the same form in which they were entered and 
now stand registered in my diary; and accompanied 
with my original observations upon them. 


“London, January 20th, 1781. 


“In order to determine the Specific Gravity of silk I 
made the following Experiment.” 
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“Having procured a chain of Raw silk the product 
of Italy, and of the best quality, I weighed it in My 
Hydrostatical ballance and it was found to weigh in 
air 73°/,; Grains. The same being afterwards thor- 
oughly wet in pump water, and being weighed in 
Water, in the Glass bucket belonging to the ballance, 
it was found to weigh 17!/, Grains; but being im- 
mediately after taken out of the bucket and weighed 
loose in the water it was found to weigh no more than 
15!/1, Grains.” 

If I was surprised at this apparent difference of 
weight in the silk when weighed in the bucket, and 
when weighed loose in the water, I was still more so 
the next day when, 

“The silk having been left 18 hours in the water was 
again weighed in water and was found to weigh when 
weighed loose in the water 145/; grs, but when weighed 
in the bucket,—155/s grs.”...... 

These extraordinary appearences awaked my curios- 
ity, but my time being much taken up at that period 
with other avocations (being then under Secretary of 
State,) I had not leisure to pursue the matter further, 
I therefore contented myself for the time with finishing 
the experiment, by drying the silk, and weighing it 
again im air, to see if its weight remained the same as 
before it was put into water, and with determining from 
the result in the best manner I was able, the specific 
gravity of Silk; the original object of the Experiment. 

“The silk being taken out of the Water was hung up 
24 Hours in the open air, in the shade; and being after- 
wards more thoroughly dried before the fire, it was 
weighed and was found to weigh 691/, grs.”’ 

“January 25th, 11 o’Clock A. M. the silk having now 
been hung up in the air in a dry room more than two 
days, was again dried at the fire thoroughly, after 
which, being immediately weighed, it was found to 
weigh no more than 687/% grs.”’ 

“Taking this (687/:, Grs.) for its weight im Azr; 
and taking its weight in Water = 17'/, Grs its Specific 
Gravity turns out to that of water as 1337 to 1000.” 

“The number of threads in this skain of silk being 
counted they were found to be 2800; as each thread 
being 42 inches in length, the whole length of thread 
was therefore = 2800 x 42 = 117600 inches; or 3266 
yards and two feet or 260 yards less than 2 English 
miles.’”—This gives nearly 48 yards to each grain in 
weight.” 

Here the matter rested till the year 1784 upon the 
24th of November when, being at Munich, where the 
culture of silk has been introduced under the auspices 
of the present Elector, I procured a small cocoon of 
yellow silk, which being wound singly, the thread was 
found to be 400 English yards in length; and when 
thoroughly dried it was found to weigh very exactly 
1'/, grs—This gives 260 yards to 1 grain in Weight; 
which shows that the raw silk used in the experiment 
before mentioned, made in the year 1781, must have 
been composed of at least 5 or 6 single threads wound 
together. 

“Upon the 26th of November, I procured 17 different 








559 


Cocoons which being wound singly into a skain, the 
thread was found to be 9051 yards in length; and which 
being weighed when apparently dry was found to 
weigh 37'/s Grains. 

“Novr. 29.—This Silk having now been dried thor- 
oughly in a heat of near 100° of Fahrenheit’s thermome- 
ter, in which it was exposed three days and three 
nights it was found to weigh but 357/15 Grs.”’ 

“Decr. 1th. the same having now lain in Water, 
exposed to a heat of 100° F 48 hours and being thor- 
oughly free’d from the small air-bubbles that adhered 
to it, was found to weigh in Water warmed to 65°F., 
913/15 Grs, wheu weighed in the glass bucket.—Upon 
being carefully taken out of the bucket under water, 
and weighed loose in the water it weighed 8'/2 Grs only.”’ 

Here the same extraordinary diminution of the ap- 
parent weight of the silk upon its being taken out of the 
bucket, and weighed loose in the water, took place as 
in the experiment before mentioned, and I began now 
seriously to imagine that I had discovered the cause of 
it. I concluded that it could arise from no other cause 
than the adhesion of its parts, or want of fluidity in 
water; and I was not a little strengthened in this 
opinion, when, upon calculating the surface of the 
silk made use of in the last experiment I found it 
amounted to no less than 600 Superficial inches, while 
the surface of the glass bucket did not amount to 
much more than 10.—I reasoned thus—The apparent 
diminution of weight cannot arise from the attraction 
between the silk and the water alone, for however 
strong might be the attraction between the particles 
of water actually in contact with any solid body and 
the body itself, this could not prevent these particles 
from sliding by the neighboring ones; and ’tho these 
particles might actually remain attached to the body, 
yet the body would descend notwithstanding, and with 
the whole force of the difference of the specific Gravi- 
ties, of the body and of the fluid; But if in addition 
to this attraction between the water and the solid 
body, there exists an attraction or adhesion of the 
particles of water among themselves, then, in that case, 
in order that the body may descend the difference of 
the specific Gravities must be so great as to overcome 
this adhesion, and the apparent weight of the body will 
be diminished in proportion to its surface and to the 
force or intensity of this adhesion or attraction. 

Now when the silk is weighed in the bucket, the silk, 
and the bucket, and the contained water, all gravitate 
together, and the attraction or adhesion among the 
particles of the water in the vessel cannot hinder the 
descent of the bucket with its contents but in propor- 
tion to the external surface of the bucket; byt when the 
silk is weighed loose in water this adhesion acting upon 
the whole surface of the silk, which is incomparably 
greater than that of the bucket, its effect in diminishing 
the apparent weight must be greater in the same 
proportion. 

Suppose the adhesion among the particles of Water 
to be equal to 1 grain to a surface of 500 inches, or, 
1/500 part of a grain to each inch :—as the surface of the 
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bucket was only 10 inches the apparent weight of it 
and its contents could only be diminished 1/500 *K 10 = 
1/5) part of a grain; but the surface of the silk being= 
600 inches its apparent weight when weighed loose in 
the water would be diminished */s0 X 600 = 1'/s grs, 
consequently the apparent weight of the silk when 
weighed loose in the water would be less than when 
weighed in the bucket by 11/5 grs — 1/so gr = 1°/so grs 
and this is nearly the proportion in which the apparent 
weight of the silk was actually deminished in both 
the Experiments before mentioned. 

Pursuing this train of reasoning still further I im- 
agined that if it were possible by further subdivision 
to increase the surface of the silk made use of in the 
last mentioned experiment eight or nine fold its ap- 
parent weight when weighed loose in water would be 
totally destroyed or it would remain suspended in the 
water; for, supposing its surface actually amounted 
to no more than 500 inches, as its apparent weight in 
water was no more than 81/2 grs and as to every 500 
inches of additional surface there would necessarily 
be a corresponding diminution of apparent weight 
equal to 1 grain, if its surface instead of being 500 inches 
should by any means become 500 X 81/2 = 4250 
inches its apparent weight would be reduced to 
nothing. 

I went further (for who can restrain the sallies of 
imagination)—I conceived the idea of accounting for 
the Suspension of the salt in the Water of the Ocean :— 
the solution and suspension of the earthy particles in 
the waters of Rivers:—and even thé suspension of the 
metals in solution in their different Menstrua, upon 
the same principles. I even went so far as to compute 
the number of equal solid spheres into which a grain 
of weight of gold must be divided in order to its being 
suspended in Water;—or in other words; in order that 
its surface may amount to 500 square inches. 

Dr. Priestty has found that when pure water 
and pure Mercury are agitated together the water 
loses its transparency and turns quite black, but that 
it regains its transparency immediately upon being 
heated, a black powder being precipitated which upon 
being dried and exposed to a moderate heat assumed 
the form of pure running Mercury. It is possible that 
the blackness of the water might be owing to the sus- 
pension of the extremely small particles into which the 
mercury was divided, in consequence of the want of 
perfect fluidity in water; and that the precipitation of 
the Mercury upon the application of heat and the con- 
sequent restoration of the transparency of the water 
arose from the fluidity of the water being increased; 
or the attraction among its particles being diminished 
by the heat applied? 

Whether the adhesion or attraction among the 
particles of fluids, here supposed, actually exists or not; 
and whatever part it may have in the phenomena at- 
tempted to be accounted for: upon this supposition as 
subsequent experiment convinced me that the ap- 
pearances upon which all my reasonings upon the sub- 
ject were originally found arose from a cause totally 
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different from that to which I attributed them, calling 
in my fancy from these wanderings I directed my 
whole attention to the patient and persevering search 
after truth. 

My ballance having been altered, and much im- 
proved, by Wolf, an excellent Bavarian Artist. and 
rendered sensible to */s599 part of a grain, I repeated the 
Experiments, with variations, as follows: 


‘“‘Ammerlands, near Munich, 15th Sepr. 1785. 


Fine clear sun-shine—Thermometer at 65°F. The 
raw silk made use of in the Experiment of the 26th of 
November the last year (being a single thread, 9051 
yards in length), being taken out of the drawer be- 
longing to the box containing my Hydrostatical bal- 
lance, and weighed in air, was found to weigh 3281/12. 
grains Vienna Weight—N.B. 10,000 Grains Vienna 
weight are equal to 11248 Grains Troy. 

“This silk being afterwards thoroughly dried at the 
fire, and being weighed while yet warm was found to 
weigh 30 Grains, very exactly.—After remaining in 
the scale 2 minutes its weight was augmented to 30!/, 
Grains;—and at the end of 4 minutes it was found to 
weigh 30'/. Grains. After 3 or 4 minutes more had 
elapsed it weighed 30%/,: and at the end of about 10 
minutes it had augmented in weight one whole grain. 
This augmentation undoubtedly arose from the mois- 
ture attracted from the circumambient air.” 

“The Silk was now put into a large glass Jar of clear 
spring water, at the temperature of the atmosphere, 
Viz.' 65°F., and being thoroughly wet it very read- 
ily sunk to the bottom of the vessel where it remained 
to all appearances totally free from air; but suspecting 
notwithstanding these appearences that some invisible 
air bubbles might still remain behind, attached to the 
silk, for greater security I placed the vessel in a window 
against the light, where I could observe what passed 
with greater ease and certainty, and suffered it to re- 
main at rest, in order that the water might have time 
to penetrate the silk more thoroughly, and to drive 
away the remaining air, if there should be any still 
behind. 

At the end of about half an hour, examining the silk 
attentively I was surprized to discover a number of 
very small air-bubbles attached to its surface, and still 
more so when I found that they increased very fast not 
only in numbers, but in size also. At the end of about 
three hours and an half, the silk appearing to be covered 
with them, it ’rose to the surface of the water.” 

“Having now separated these air-bubbles from the 
silk, by shaking it in the water, it sunk again; but it 
soon began to collect fresh air-bubbles, and at the end 
of three or four hours it ’rose again, as before, appar- 
ently covered with them.” 

“T detached these air bubbles a second time, and the 
silk sunk to the bottom of the vessel as before, but it 
did not remain there long: Fresh air bubbles soon 
began to make their appearance upon its surface, which 
increasing in number and size as before, it ’rose a third 
time to the surface of the water.” 


se 
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“T continued to repeat this Experiment four days 
successively, and always with the same results. When 
seeing no prospect of being able to attain the object 
of my research by this route, I had recourse to other 
expedients in order to free the silk of air and to deter- 
mine its weight in water.” 

‘“‘September 23d. The Silk being put into a large 
glazed earthen Vessel with clear spring water, the 
water was made to boil near two hours, over a brisk 
fire, after which being removed from the fire, and 
suffered to cool to 126° of Fahrenheit’s Thermometer, 
the silk was weighed, loose in the Water, and was found 
to weigh 101/, Grs at 4 hr 20’ P.M. 


it weighed 10!/2 Grs 


at 44 30’ p.m., having cooled to 123°F. 
20° 10°/s 


at 4h 40’ 1 , 
at 4% 50’ 118° 1013/16 
aish 2’ 113° 1015/16 
at. Sh 10’ 110° 111/16 
at 5 30’ 105° 113/16 
at 54 45’ 101° 115/16 
at 6 5’ 97° 117/16 
at 64 25’ 92° 119/16 
at 64 50’ 90° 1111/16 
at 74 10’ 87° 1113/16 
at 74 50’ 83° 1115/15 
at 8 30’ 80° 121/16 
at 9 27’ 751/29 123/16 

and the Next Morning Septr. 

24th at 8 o’Clock the Thermometer 


in the water standing at 

“The silk being now crouded into the small Glass 
bucket (but without being brought into contact with 
the air,) and weighed in the water, it was found to weigh 
1113/39 Grs.” 

“Being taken out of the bucket, under water, and 
suffered to remain loose in the water, at the bottom of 
the vessel about fifteen minutes, and then being again 
put into the bucket and weighed in it, in the water, 
was found to weigh but 107/i5 Grs.” 

““Suspecting that the sudden diminution of the ap- 
parent weight of the silk might arise from a portion of 
air communicated to it by my hands in the operation of 
putting it into the bucket, &, to ascertain this fact, I 
now removed it again from the bucket, and handling 
it very much in the water for about half a minute, I 
again replaced it in the bucket, and weighed it, when 
it was found to weigh 8*/, Grs only.” 

“Notwithstanding this remarkable diminution of the 
apparent weight of the silk in the three last Experi- 
ments, viz‘. from 12179/o55 G’S. to 83/, GS, I could dis- 
cover no air bubbles attached to it ‘tho I examined it 
with the utmost care; and it is certain that no air could 
have been communicated to it either by the bucket or 
by the thermometer made use of for ascertaining the 
temperature of the water, for both these instruments 
were put into the water at the same time with the silk, 
that is to say, before the water was boiled; and they 
were constantly kept in it ’till the end of the Experi- 
ment, without once being brought into contact with 
the air.” 


63°, it weighed 12 
179/256 Grs 


REMARKS UPON THE FOREGOING EXPERIMENTS 


From these experiments it appears that ‘Silk pos- 
sesses a power of attracting and imbibing Water from 
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the Air; and that with very considerable force for in 
the experiment of the 15” of Sep’. the silk which being 
thoroughly dried before the fire, and weighed while 
yet warm, was found to weigh but 30 Grains, acquired 
an addition of weight of one whole grain upon being ex- 
posed 10 minutes in the free air of my room, and this 
at a time when the air was apparently very dry, and 
the same silk before it was dried at the fire, was found to 
weigh 3281/13 grains; ’tho even in that state it did not 
appear to be in the least damp. 

Hence it appears that a Merchant or Manufacturer 
who purchases 100 lbs. of raw silk, in a common state 
as to dryness actually pays for at least 8 lb. of Water; 
and if it has been Kept for any considerable time in a 
place the quantity of moisture imbibed will be still 
greater; and this is surely an object worthy of the 
attention of those who deal largely in that valuable 
commodity. 

This property of silk imbibing water from the air 
is by no means a new discovery, but I believe it has not 
generally been imagined that the quantity of moisture 
commonly contained by it is so considerable as by my 
experiments it appears to be. 

Besides this property of attracting water from air, 
Silk possesses another still more extraordinary, which is 
that of attracting Air from Water. This appears evi- 
dently from the Experiments of the 15 of Sep’ 1785, 
and those made upon the four subsequent days; and 
by a great number of other Experiments, which I have 
since made, of which I shall give an account hereafter. 

It likewise possesses a power of attracting, and ap- 
propriating to itself, air, from the surfaces of other 
bodies brought into contact with it under water. This 
appears by the successive and very remarkable diminu- 
tion of the apparent weight of the silk in water in the 
experiments of the 24 of September, 1785, and to 
this cause is doubtless to be attributed the apparent 
diminution of the weight of the silk in water in the Ex- 
periments of the 20” Jan’, 1781, and the 1“ December 
1784, and not to any adhesion, or want of perfect 
fluidity among the particles of Water, as I then sup- 
posed. In the operation of taking the silk out of the 
glass bucket it doubtless received a small portion of 
air from my hands, and this rendered it apparently 
lighter when it was weighed immediately after, loose 
in the water, than it appeared to be just before, when 
weighed in the bucket. Upon reversing the Experi- 
ment (upon the 24 of Sep’ 1785) the Silk was found, 
to weigh more when weighed loose in the water than 
when weighed immediately after in the glass bucket, 
which is a convincing proof that the diminution of the 
apparent weight of the silk in the former experiments 
could not arise from the cause to which I at first at- 
tributed it. 

But however conclusive the result of these last Ex- 
periments may be against the opinion formerly taken 
up of the cause of the apparent diminution of the 
weight of the silk under the circumstances described, 
yet is it not probable that the supposed adhesion, or 
want of perfect fluidity, among the particles of fluids 
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actually exists, at least in some degree? And if it ex- 
ists must it not necessarily produce effects similar to 
those attributed to it?—This appears to me to be a 
matter deserving of investigating, and to which I mean 
the first leisure time I may have to direct my enquiries. 
If a solid body can be found whose surface may be very 
greatly increased without altering its Specific Gravity, 
such a body may be made use of for ascertaining the 
facts in question. Suppose for instance an ounce of 
gold to be drawn into the finest wire possible, and, 
that this wire is afterwards flatted in order still further to 
increase its surface, if this wire is exactly counterbal- 
anced in air by a solid globe of gold suspended to the 
opposite arm of a ballance, the question is whether 
they will remain in equilibrio upon both being immersed 
in water, care being taken to free them both, and the 
water itself, of air, by boiling?—If the specific gravity 
of Gold should be found to be altered in the operation 
of drawing it into wire, (and this appears to be the more 
probable considering the remarkable change that the 
specific Gravity of Platina undergoes under a similar 
operation,) perhaps glass may be made use of instead 
of it. It is well known that glass may be drawn out 
when hot into an exceeding fine thread commonly 
called spun glass, and that this thread when cold re- 
tains its flexibility; and I see no reason to suspect that 
the specific gravity of Glass is capable of any sensible 
alteration. 

Perhaps in this way the Measure of the fluidity of a 
fluid may be ascertained; or, which amounts to the 
same thing, the measure of its want of perfect fluidity, 
and that this may enable us to account for several op- 
erations of Nature very difficult to be accounted for 
upon the principles generally received. 

But to return to my Experiments upon silk;—of all 
those which I had made none appeared to me more 
extraordinary than that of the 23%. of September. 
That silk which had, as I thought, been thoroughly 
freed of air, when weighed in hot water, which had like- 
wise been freed of air, should increase in weight as the 
Water grew cold, was a paradox, which for a long time 
I was not able to unravel. If the silk had lost of its 
apparent weight, as the water lost of its heat, it would 
have been no more than what I expected, from the 
condensation of the Water with the cold! but its 
increase of weight under these circumstances was not 
only unexpected, but at first totally unaccountable. 
I could not imagine that it arose from the condensation 
of the Silk with the cold for this would have been to 
suppose the expansion of Silk with heat incomparably 
greater than that of any other known solid body, and 
even much greater than that of any known fluid air 
excepted; For the augmentations of its apparent weight 
from this cause could only be in proportion to the ex- 
cess of its condensation above that of water under the 
given diminution of heat; and these augmentations 
appeared to me much too considerable to be accounted 
for upon this supposition. 

At length I concluded that it could arise from no 
other cause than a portion of air still remaining attached 
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to it (notwithstanding its being so long kept in boiling 
water.) a part of which being afterwards imbibed by 
the water as it grew cold, and as its power of imbibing 
air was increased, the silk necessary became apparently 
heavier in proportion to its loss of air. 

I conceived Silk in water to be under similar circum- 
stances with respect to the air dissolved in the water, 
as silk in air is under with respect to the water dissolved 
in the air. In the one case the silk imbibed the water 
dissolved in the air, as is well known, and in the other 
it imbibes or attracts, and appropriates to itself, the 
air dissolved in the water, as appears by my experiments, 
and in the one, and in the other case, this can only 
happen in consequence of its greater affinity with the 
body attracted, than the affinity of the medium in 
which it is placed with the same body; and the relative 
quantities of the dissolved fluid imbibed by the silk, 
and retained by the medium, will depend upon the 
relative affinities of the silk, and of the medium with the 
dissolved fluid in question, and consequently must 
vary with any cause which produces a variation of 
these affinities. 

Now it is well known that heat increases the affinity 
of air to water; and It is equally certain that heat di- 
minishes the affinity of water to the air dissolved in it; 
but it does by no means follow that it has the same effect 
upon the silk placed in these fluids,—on the contrary 
it is very certain that it has not; at least not in the same 
degree. 

If a quantity of silk perfectly dry, be exposed in air, 
in a middling state as to moisture, and of a constant 
temperature, in a close room, or in any other confined 
space, the silk will imbibe a certain quantity of water 
from the air, (which may be ascertained by its increase 
of weight), after which it will remain as it were in equi- 
librjo with the surrounding medium without any fur- 
ther augmentation of its apparent weight, or any dimi- 
nution of it. 

If the heat be now increased the silk will be found to 
lose a part of its weight and will become apparently 
drier than before, and this not because the quantity 
of moisture in the confined space is diminished ;—for 
that cannot happen,—but because the power of air 
to imbibe water is more increased by the heat than that 
of the silk in consequence of which the silk looses a 
part of its water. 

If the heat is diminished the silk will increase in 
weight ;—because the power of the air to imbibe, or 
hold water, being more diminished than that of the 
Silk with the given diminution of heat, the silk must 
acquire an augmentation of Water before the equilibrium 
of these powers can be restored. 

And hence it appears why hygrometers march to- 
wards dryness upon any increase of heat in the atmos- 
phere, and towards moisture upon any decrease of it, 
notwithstanding that the quantity of water actually 
dissolved in the atmosphere remains the same. 

Suppose a quantity of silk to be placed in air con- 
fined in a close vessel, and suppose the heat to be after- 
wards diminished to the utmost; or at least ’till the 
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power of the air to imbibe, or hold water in solution 
is totally destroyed or reduced to nothing; in this case 
the silk will continue to increase in weight ’till it is 
completely saturated with water, after which the water 
forming upon its surface in drops, will fall off in the 
form of rain, and the silk will receive no further aug- 
mentation of weight. 

Suppose now the water thus separated from the air 
and precipitated from the silk to be taken away, as 
well as that which will be found attached to the sides 
of the vessel, and that heat be now gradually applied 
till the air and the silk have acquired their former tem- 
perature—The consequence of this will be, that the 
air, recovering, its power of attracting water, as it 
recovers its heat, will seize upon the water remaining 
attached to the silk, and appropriating a great part of 
it to itself, the silk will gradually lose its weight till 
at length the air having acquired its original tempera- 
ture the silk will be found to be much lighter than when 
the experiment was begun. 

Let us now see what would happen if the silk instead 
of being placed in air, be placed in Water, and that the 
power of the water to hold air in solution be by any 
means diminished and distroyed in the same manner 
as we have just supposed with respect to the power of 
air to hold water in solution. Suppose a quantity of 
silk to be placed in a vessel of water, and that water 
be gradually heated, & at length be made to boil, and 
after boiling for some time that it be suffered gradually 
to cool ’till it has returned to its original temperature, 
care being taken to keep the silk under the surface of 
the water during the whole of this time, to prevent 
its coming into contact with the atmosphere. Ac- 
cording to the principles laid down the following ap- 
pearences ought to take place. Suppose the silk at 
the beginning of the experiment to be apparently free 
of air, that is to say, totally free of visible air-bubbles, 
and that it reposes quietly at the bottom of the 
Vessel; as the heat of the water is augmented, its power 
of holding the air it contains in solution being dimin- 
ished in a greater proportion than the affinity of the 
silk to the same air is diminished by the same degree of 
heat, the air will begin to quit the Water, and to attach 
itself to the silk, and by degrees air-bubbles will begin 
to make their appearence, which increasing very rap- 
idly, both in number, and size, the whole surface of 
the silk will very soon appear to be covered with them. 
These air-bubbles rendering the silk specifically lighter 
than the water it will attempt to ’rise to the surface, 
but being prevented from doing this by means used for 
that purpose, the air-bubbles still going on to increase 
in size, not only on account of their increas’d elasticity 
with their increase of heat, but also in consequence of 
their continual supply of fresh air furnished by the 
water, they will at length break loose from the silk and 
rising to the surface of the Water will escape. These 
bubbles will be immediately succeeded by others, which 
increasing in size in like manner, will detach themselves 
and escape in their turns; and this operation will con- 
tinue so long as the heat of the Water, continues to be 
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augmented, or its power of holding air in solution is 
successively diminished. 

This operation of the formation and ascent of the 
air-bubbles is analagous to the formation and descent 
of the drops of water from the silk placed in air super- 
saturated with water, above described. 

During the heating of the water the air separated 
from it will not only attach itself to the silk but it will 
also form bubbles upon the bottom and sides of the Ves- 
sel, and upon the surface of any other solid body that 
is put into the Water, in like manner as drops are 
formed upon the sides of a vessel containing air super- 
saturated with Water; and these bubbles will begin 
to detach themselves and escape in vast numbers long 
before the water has acquired a degree of heat neces- 
sary to make it boil. 

Suppose the water now to have boiled for a consid- 
erable time, and the greater part of the air it contained 
to have made its escape, and that it is now removed 
from the fire and suffered to cool—tThe silk wiil still 
be found to contain a quantity of air; for tho the heat 
deprives water of the power of holding air in solution, 
it does not enable it to deprive other bodies of the power 
of retaining it; and accordingly we see the sides and 
bottom of a vessel containing Water which has just 
ceased to boil, covered with air-bubbles; and in my 
Experiments, the silk upon being kept in boiling water 
above two hours remained constantly covered with 
air-bubbles during the whole of that time, and even for 
several minutes after the water was taken from the 
fire, and had ceased to boil. 

These air-bubbles very soon disappear, being im- 
bibed by the Water, which regains its power of dis- 
solving air, as it looses its heat; but from thence it is 
not to be inferred that the silk is left totally free of air 
any more than that silk in air is totally free of water 
because there are no longer any visible drops remaining 
attached to it 

The silk actually retains a portion of air after all the 
visible air-bubbles have disappeared; but the power 
of the water to imbibe it continuing to increase as its 
heat is diminished, the quantity of air retained by the 
silk will be continually lessened, and consequently its 
apparent weight in the water will be continually aug- 
mented as the water goes on to cool; agreeable to the re- 
sult of the experiment before mentioned. 

I have been the more particular in my indeavours to 
account for this Phenomenon as it is a new appearence, 
(at least I do not recollect to have seen it Noticed by 
anybody,) and as it is of importance to be known to 
those who make Experiments upon certain bodies with 
a view to determine their specific Gravities. 

And this brings me back to the Specific Gravity of 
silk, the original object of these my Experiments. 

The specific gravity as determined by the Experi- 
ments made in the year 1781, turned out to be to that 
of water as 1337 to 1000, but it appears by the Experi- 
ments of the last year, (1785) that this decision was very 
far from being accurate; for taking the weight of the 
silk used in these last mentioned Experiments, in air = 
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30 Grains, as found in the Experiment of the 15th of 
September; and its weight in water = 12!79/255 Grains, 
as found upon the morning of the 24th of September, 
its Specific Gravity turns out to be to that of water as 
1734 to 1000; and there is reason to believe that this 
is very near the truth. 

The Silk made use of in the Experiments consisted of 
a Single thread as spun by the worm, 9051 English 
yards in length, weighing 30 Grains Vienna weight = 
33,744 Grains Troy; and it lost of its weight upon 
being weighed in water 1777/55 Grains Vienna weight 
or 19,46 Grains Troy, consequently its Volume was 
equal to the Volume of 19,46 Grains Troy of Water; 
and as an English cubic inch of water weighs 253,185 
Grains Troy the volume of a quantity of water weigh- 
ing 19,46 Grains Troy, and consequently the Volume 


253,185 
, = 0,07 iW 
19,46 0,0768611 of a 





or solid contents of the silk is 


cubic inch. 
Now as the length of the thread of silk was 9051 
yards = 325826 English Inches, the area of its trans- 
0,0768611 


verse section must have been no more than ————— 
325826 


1 

4239153 
two hundred and thirty nine thousand, one hundred and 
fifty three threads of raw silk to form a solid rope or 
cylinder the area of whose transverse section should be 
one inch;—which is a degree of fineness really astonish- 
ing. 

The weight of the silk being 33,744 Grains, and the 
length of the thread 9051] yards, it would require 268, 
'/, yards nearly to weigh 1 Grain; or 6°°/j, Grains in 
weight of this thread would be 1 English mile in length. 
This gives more than 73 miles in length to a single 
thread weighing 1 ounce Troy; Consequently if a Silk 
Gown worn by a lady weighs 28 ounces it is very cer- 
tain that she carries upon her back upwards of 2000 
miles in length of silk as spun by the worm,—and hence 
it appears that a man might actually carry in his 
Pockets a thread of raw silk 25000 miles in length, 
(which is nearly the circumference of the Globe), would 
weigh no more than 341°/, ounces. And a quantity 
of silk sufficient to load an English broad-wheeled 
waggon drawn by eight Horses would contain a length 
of thread so great that a Canon Bullet flying continually 
day and night with the same rapidity with which it 
leaves the mouth of the Piece would require more than 
fourteen years to pass from one end of it to the other. 

But what is still more extraordinary, if possible, is 
that this thread tho’ so extremely fine is perfectly visi- 
ble, even to the naked eye, and that at the distance of 
several feet. The area of its transverse section being 


of an inch; or it would require four million, 


a aisd part of an inch its diameter computed 
3915 


from thence turns out to be = 


1 , 
igo4 part of an inch 


very nearly, and the thread being visible, as we may 
conclude that a piece of thread equal in length to its 
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diameter would be visible likewise, it appears that a 
1 
735005353 P* 
of a cubic inch is discernable to the naked eye, or if in- 
stead of this little cylinder of raw silk we suppose a globe 
to be formed of the same diameter, the volume of this 
globe will be less than one ten thousand millionth part 

of an inch. 


body whose volume is no more than 


of an 





The diameter of the thread being = : 
1824 


inch, if it be placed at the distance of four feet from the 
eye it will subtend an angle less than '/2; part of a min- 
ute or 2” 20’, and at that distance it is perfectly 
visible to a good eye, in a moderately enlightened room 
upon whatever coloured ground it be placed. SS If it 
be placed against a background of black velvet at the 
distance of 4 or 5 inches from it, and if the day be clear 
it will be visible to a sharp eye at the distance of 30 
feet, tho’ at this distance the thread cannot subtend 
an angle greater than about '/; part of a second, or 18’’’, 
52” " SS. When the thread, is inlighten’d by the 
direct rays of the Sun falling upon it, it is visible at a 
still greater distance, but as its diameter at the same 
time appears to be much greater than it really is, no 
computation for ascertaining the angle a body must 
subtend in order to its being visible can with any cer- 
tainty be founded upon this Experiment. 

To determine the weight of the smallest visible 
particle of silk, say as 268,225 yards = 9656 inches of 


the thread weigh no more than 1 grain this gives sa 


part of a grain to each inch, and as we supposed igo4 
part of an inch in length of the thread, to be visible, the 
1 1 


weight of this little cylinder will be 5656 x ig04 


. ; © . ° 
17612544 part of a grain;—or reducing this cylinder 
to a globe of the same diameter, its weight will be no 


more than part of a grain. 


it 
26418816 

But I do not pretend to lay any great stress upon 
these computations respecting the dimensions of the 
least bodies Visible, and their weights, for it does not 
seem to be quite certain that because a thread of raw 
silk is visible to the naked eye that a globe of the same 
diameter would be visible likewise. 

In my next letter I shall send you an account of the Ex- 
periments, which I have made upon the air seperated 
from Water by silk; under various circumstances, 
together with an account of several other experiments 
relative to the air yielded by Water. 

In the mean time I have the honor to be 


Guard book No. 82. Royal Society. Begins January 18, 1787, 
ends May 17, 1787. 
Decade IX, No. 23. Letter, 35 pp. 
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A SYSTEM of UNKNOWNS and GRAD- 
ING for QUANTITATIVE ANALYSIS 


W. C. PIERCE anno E. L. HAENISCH 


The University of Chicago, Chicago, Illinois 


A description of the preparation and dispensing of un- 
knowns, the tolerances allowed, and a systematic grading 


scheme. 
+++ + + + 


N FEW subjects is there so great a deviation among 

various schools as in the tolerances allowed and 

the grading of student unknown reporxis in elemen- 
tary quantitative analysis. The system in use at this 
school is the development of years and has proved quite 
satisfactory.* The authors will welcome constructive 
criticism and suggestions. 

The first course is given throughout one quarter of 
eleven weeks and is equivalent to three and one-third 
semester hours. The investigation of unknowns is 
preceded by preliminary weighing exercises and the 
calibration of a buret and a volumetric flask. The 
unknowns are: ‘“‘base,’’ ‘‘acid,’’ iron by permanganate, 
copper by iodimetry, gravimetric chloride by use of a 
Gooch crucible, gravimetric iron, and gravimetric sul- 
fur. The student prepares and standardizes all neces- 
sary reagents. 

A definite tolerance is set for each analysis and if the 
student’s values agree with the actual value within this 
limit the report is given a grade varying from 10 to 6 
depending upon the deviation. An example will illus- 
trate this. The tolerance allowed for volumetric iron 
is 6 parts per 1000 parts of iron. The grading scale 
is shown in Table I. Similar tables are constructed 
for each of the tolerances used and consist merely of 
an equiproportional distribution of the allowed toler- 
ance over the five grade points. 


TABLE 1 
GRADING SCALE FOR VOLUMETRIC IRON 


Deviation from True Value 


Grade in Parts per 1000 
10 1.2 
9 ° 2.4 
8 3.6 
7 4.8 
6 6.0 
Reject Greater than 6.0 


The amount of iron wire given to a student on one 
occasion was 2.056 g. His average reported result was 
2.051 g., a deviation of 5 parts per 2000 or 2.5 parts per 
1000. The grade was ‘‘9”’ and this is considered to be 
an “A” analysis. If the deviation exceeds the limit, 
the student must obtain another sample and repeat the 
determination until an acceptable analysis is made. 





* The work as outlined is the result of the efforts of Professors 
W. A. Noyes, Jr., T. F. Young, W. E. Vaughan, and the writers. 
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No stigma is attached to a rejection and it rarely hap- 
pens that a student completes the course without at 
least one. A surprisingly large number of rejections 
are issued because of errors in computation rather than 
because of mistakes in technic. In such cases the 
student is allowed to recalculate his data and make a 
new report. 


PREPARATION AND DISPENSING OF UNKNOWNS 


1. Unknown Base. A 0.5 N stock solution of so- 
dium hydroxide is used. The student receives a 25- to 
50-ml. sample accurately measured from a buret into a 
previously calibrated 250-ml. volumetric flask. He 
dilutes the sample and titrates aliquot portions with a 
0.1 N hydrochloric acid solution. Sodium carbonate 
is used as the standard. The total number of milli- 
equivalents of base received is reported. Tolerance: 15 
parts per 1000. (This is unusually large as the ex- 
ercise constitutes the student’s first attempt at quan- 
titative analysis.) 

2. Unknown Acid. A stock solution of 0.5 N acetic 
acid is dispensed as in No. 1 and is titrated by the stu- 
dent with 0.1 N sodium hydroxide. The 0.1 N hydro- 
chloric acid or potassium acid phthalate is used as a 
standard. Tolerance: 10 parts per 1000. 

3. Volumetric Iron. A 1.5- to 2.5-g. sample of iron 
wire is weighed to the nearest half-milligram, placed in 
the volumetric flask, and dissolved in sulfuric acid. 
The student dilutes the sample, measures out 40- to 50- 
ml. aliquots, reduces the ferric ions by means of the 
Jones reductor, and titrates the iron with standard 
permanganate. Sodium oxalate serves as a standard. 
Tolerance: 6 parts per 1000. 

4. Iodimetric Copper. A weighed 1.5- to 2.5-g. 
sample of copper wire is dissolved in nitric acid in the 
student’s flask. Aliquot portions are analyzed by ti- 
tration with 0.1 N sodium thiosulfate which has been 
standardized with pure copper or with potassium di- 
chromate. Tolerance: 6 parts per 1000. 

5. Gravimetric Chloride. A solid sample is analyzed 
for chlorine by the Gooch crucible method. The un- 
knowns are mixtures of sodium and potassium chlo- 
rides which have been ground together in a ball mill. 
A set of twenty or more samples is kept at all times to 
prevent too frequent use of the same one. Unknowns 
1 to 4 are, of course, individual and different for each 
student. Tolerance: 0.3% (e. g., if 59.65% is correct 
then the value 59.35% would be barely acceptable. 
Since this is the first gravimetric unknown the students 
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handle 0.1% is deducted from the calculated percent- 
age to obtain the value for which a grade of ‘10’ is 
given). 

6. Gravimetric Iron. Difficulties have been en- 
countered in preserving unknowns made of mixtures 
of iron salts. As alternatives we have used individual 
samples as in the volumetric iron or a set of standard 
solutions. These are made up by weight to contain 
0.75 to 1.50% iron; they consist of iron wire dissolved 
in-acid. The student weighs out 10- to 15-g. aliquots 
and analyzes them by the usual procedure including 
reprecipitation. The percentage of iron expressed to 
three significant figures is reported. Tolerance: 0.04%. 

7. Gravimetric Sulfur. The unknowns are mix- 
tures of potassium sulfate, anhydrous sodium sulfate, 
and sodium chloride. These are dried, weighed, and 
ground together in a ball mill. The student may use 
either a Gooch crucible or a filter paper during the 
analysis. Tolerance: 0.3%. 

The second course covers a period of time similar to 
the first. As a preliminary exercise the student cali- 
brates his set of weights. The unknowns include: 
volumetric chloride, electrolytic separations, dolomite, 
Kjeldahl, and a problem. 


PREPARATIONS AND DISPENSING OF UNKNOWNS 


1. Volumetric Chloride. The same samples are 
used as for the gravimetric chloride. Silver nitrate is 
standardized by sodium chloride according to the 
Mohr, the Volhard, or the Fajans adsorption method 
with dichlorofluorescein indicator.* The unknown is 
analyzed by the Fajans method and one of the others. 
Tolerance: 0.25%. 

2. Electrolytic Separation of Copper and Nickel. 
The unknowns are solutions made up by weight with 
crystalline copper and nickel sulfates as hydrates. 
Sulfuric acid is added to prevent hydrolysis. The 
composition varies from 0.200 to 0.500% copper and 
0.200 to 0.500% nickel. The student uses a weighed 
10- to 15-g. sample for analysis. An electro-deposi- 
tion apparatus with a rotating anode is furnished as 
part of the laboratory equipment. This is used for 
the separate depositions of the two metals. Tolerances: 
0.006% for each. 

3. Dolomite. Purchased samples of synthetic or 
natural dolomites are used. 

a. Loss on Ignition. This is determined in the 
usual way with platinum crucibles. The residue is 
used for the subsequent analyses. Results are re- 
ported before continuing the analysis because a loss at 
this point would invalidate the future work. Toler- 
ance: 0.5%. 

b. Silicon Dioxide. Neither a second filtration nor 
purification with hydrofluoric acid is required for 
minerals of low silica content (below 10%). Toler- 
ance: 0.3%. 


* FaJANS AND Wo rr, Z. anorg. allgem. Chem., 137, 221 (1924). 
For an extended list of references see WILLARD AND FURMAN, 
“Elementary quantitative analysis,” D. Van Nostrand Co., 
New York City, 1933, p. 117. 
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c. Mixed Oxides. No separation of iron and alumi- 
num is made. Tolerance: 0.3%. (This is perhaps 
high for dolomites of low iron content but no emphasis 
is placed on the iron determination because of a pre- 
vious gravimetric determination.) 

d. Calcium Oxide. Determined gravimetrically as 
CaO. Tolerance: 0.3%. 

0.3%. 


e. Magnesium Oxide. 
NOTES ON THE DOLOMITE ANALYSIS 


I. Determinations (5) to (e) must be reported si- 
multaneously and considered as a whole. In case all 
analyses but one are good that one may be accepted 
even if the results are considerably beyond the toler- 
ances listed. 

II. If, as often happens, the analysis is correct ex- 
cept for the calcium and magnesium the student is 
given a synthetic mixture to analyze instead of being 
compelled to repeat the tedious and time-consuming 
complete analysis. In no case is the calcium or the 
magnesium report accepted if the other is rejected. 
The synthetic mixture is a known volume of a standard 
solution of calcium carbonate in hydrochloric acid and 
a solution of magnesium oxide in the same acid. The 
solutions are of such strength that when 40 to 50 ml. 
of each are mixed and diluted in a 250-ml. volumetric 
flask a 40- to 50-ml. aliquot will contain the same 
amounts of calcium oxide and magnesium oxide as a one- 
gram sample of dolomite. The grams of the respec- 
tive oxides received are reported. Tolerances: Cal- 
cium oxide, 8 mg.; magnesium oxide, 10 mg. 

III. A record is kept of each student analysis on 
every solid sample. This has proved very valuable in 
detecting changes in the samples and inaccurate anal- 
yses. The dolomites have been particularly trouble- 
some. In Table II is given the difference between the 
manufacturer’s and student analyses for a particular 
sample. The student results are the average of a set 
of ten consistent determinations. 


Tolerance: 


TABLE 2 
Fautty ANALYSIS OF A DOLOMITE 
Difference in % 
Determination Student — Manuf. Value 
Loss on Ignition 1.6 
Silicon Dioxide 
Mixed Oxides 
Calcium Oxide 
Magnesium Oxide 


-0.11 
—0.37 
—1.12 
—0.41 


4. Choice is offered of the following: 
a. Nitrogen by the Kjeldahl Method. Analyzed fer- 
tilizer samples are used. Tolerance: 0.3%. 


b. Simple Electrometric Titrations. The method of 
Hildebrand! is recommended. Curves are made for 
strong and weak acids and bases. 

5. Problem. For his final determination each stu- 
dent is assigned a problem which serves to introduce 
him to the chemical literature and to simple research 
methods. An effort is made to illustrate many types 
of analytical technic in the choice of problems for a 


+ HmLpEBRAND, J. H., J. Am. Chem. Soc., 35, 847, 1538 (1918). 
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class so that the students, by observation of other prob- 
lems, become acquainted with new methods. Among 
the more common assignments are: micro determina- 
tions such as copper, lead, phosphorus by colorimetric 
methods; indirect determinations such as chloride and 
bromide; gas absorption methods such as carbon in 
steel; use of new reagents such as ceric sulfate and or- 
ganic precipitants; spot test determinations, such as 
the Gutzeit arsenic test. Most of the problems are 
selected from current articles in the Analytical Edition 
of Industrial and Engineering Chemistry. Occasion- 
ally better students are given completely new methods 
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to develop or are allowed to assist in current depart- 
mental research where analytical methods are being 
used. 

The student must look up his own procedures in the 
literature, select a method of analysis, bring it to the 
instructor for approval, test it with known reagents, and 
finally analyze an unknown by the method. His 
written report must include a complete discussion of 
the method and of the special difficulties encountered. 

The students have indicated many times that they 
consider the problem the most interesting and valu- 
able part of their analytical training. 





REACTIONS of METALLIC 
HYDROXIDES with BASES 


RALPH P. SEWARD 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


Theories as to the nature of the solutions formed by 
amphoteric metallic hydroxides and strong bases are dis- 
cussed. The hydroxy complex theory of Pfeiffer 1s recom- 
mended as being consistent with the facts and offering a 
simple explanation of acidic properties in metallic hy- 
droxides. 

++ oer + 
ECENT articles by R. Scholder (1) and co- 
workers on the preparation and constitution of 
well crystallized salts from alkaline solutions of 
amphoteric metallic hydroxides suggest that a discus- 
sion of the nature of these solutions, for many years a 
matter of controversy, would be of interest.* 

Textbooks in general explain the solubility of certain 
metallic hydroxides in either acids or alkalies by the 
assumption that ionization occurs according to the 
equation: 

Rt + OH- 2 ROH @ RO- + Ht 

On addition of acids the hydroxyl ion is removed and 
further ionization and consequently solution of the 
slightly soluble hydroxide occurs. Conversely, addi- 
tion of a base favors the production of more RO 
ions and the formation in solution of a true salt of the 
alkali. This mechanism was first proposed by Bredig 
in 1899 (2). 

Determinations of the hydroxyl-ion concentration in 
alkaline solutions of amphoteric hydroxides by measure- 
ment of electrical conductance, and of the velocity of 
esterification in these solutions, were carried out by 
Hantzsch (3) and others. The measurements indicated 
that the hydroxyl-ion concentration was larger than 
should have been the case if neutralization of the 


*In this article hydrated oxides, hydrous oxides, and hydrous 
hydrated oxides will be referred to for simplicity as hydroxides, 
although in many cases hydroxides having the conventional 
formulas have never been proved to exist as definite compounds. 


metallic hydroxide, acting as an acid, had taken place. 
To explain this discrepancy the solutions were assumed 
to be, in part at least, colloidal. According to this view 
hydroxyl ions are adsorbed by the particles of solid 
hydroxide forming a negatively charged colloid. This 
view is supported by the fact that in many cases separa- 
tion of a precipitate of the hydroxide appears on stand- 
ing or may be brought about by addition of soluble 
salts. Certain writers, for example, Ephraim (4) and 
Davis and Farnham (5), consider that most, if not all, 
cases where a metallic hydroxide dissolves in alkali 
can be satisfactorily explained on this basis. 

The majority of chemists, however, seem to agree 
that, in some cases at least, there is a definite chemical 
reaction and a true solution formed when metallic 
hydroxide dissolves in alkaline solution. Evidence 
supporting this view is afforded by the formation of 
crystalline salts from these solutions in which the 
molar ratio of alkali to metallic hydroxide is a small 
whole number, constant, within certain limits, while 
the ratio of alkali to metallic hydroxide in solution is 
varied. Certain studies such as the measurement of 
the solubility of lead oxide in alkaline solutions by Berl 
and Austerweil (6) indicate that true equilibrium con- 
stants exist for the reactions. Other evidence favoring 
existence of chemical reaction appears in the ¢lectro- 
metric titration curves studied by Hildebrand (7) and 
others. 

Based on the above criteria it has been customary to 
designate as truly amphoteric those hydroxides which 
have been shown to form definite negative ions in alka- 
line solution, and to designate others which dissolve as 
colloidal. Thus, Weiser (8) classifies the hydroxides 
of Al, Zn, Sn, etc., as amphoteric, while alkaline solu- 
tions of chromic hydroxide are considered colloidal. 

An explanation of the dissolving of metallic hy- 
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droxides based on Werner’s coérdination theory was 
proposed by Pfeiffer in 1909 (9). According to this 
view the ions formed by a metallic hydroxide and an 
alkali in solution are hydroxy complex ions. Thus the 
dissolving of aluminum hydroxide in an alkaline solu- 
tion would be represented by the equation: 

Al(OH); + » OH- @ [Al(OH)3,42]"" 
The number of hydroxyl ions combining would be 
determined by the coérdination number of the metallic 
ion, but might vary with the concentration of hydroxyl 
ion. This view is apparently accepted for some hy- 
droxides since Weiser (10) uses the formula K,[Pt(OH).] 
rather than the conventional formula K»PtO33H,O. 
The only American textbook in which the writer has 
seen this mechanism discussed is that of Hammett (11). 

In support of the hydroxy complex ion theory it 
may be pointed out that the amphoteric hydroxides 
are hydroxides of metals which do form complexes 
with other negative ions such as cyanide, sulfide, and 
halide ions. The existence of acidic properties in silver 
hydroxide recently demonstrated by Laue (12) and by 
Johnston, Cuta, and Garrett (13) disposes of an ap- 
parent exception to this statement. Where solid 
compounds have been made, the number of hydroxyl 
ions associated with the metallic ion is, in general, in 
agreement with the codrdination number as shown 
in other complex salts of these elements. 

A considerable number of complex salts in which 
hydroxyl ions are associated with other groups in a 
complex have been made. As an example we have the 
salt Nay[Mg(OC.sH,O),0H).] prepared by Scholder and 
Schlitz (14). If the complex can be composed in part 
of hydroxy] ions, it is reasonable to expect the existence 
of complexes where the central metallic ion is sur- 
rounded only by hydroxyl ions. The recent dialysis 
experiments of Brintzinger and Wallach (15) indicate 
ionic weights for the negative ions in alkaline solutions 
of amphoteric metallic hydroxides which show a con- 
siderable degree of hydration and are consistent with 
the weights which might be expected on the basis of the 
hydroxy complex theory. This seems to rule out the 
existence of simple ions such as AlO.~ or ZnO2~~. 

Certain analogous relations in non-aqueous solu- 
tions are more readily brought in line with the assump- 
tion that complex ions are formed with the negative 
ion of the solvent. For example, zinc amide, Zn(NH)., 
was found by Fitzgerald (16) to dissolve in potassium 
amide solution in liquid ammonia to form a potassium 
ammono zincate. This reaction of course can equally 
well be represented as due to the combination of zinc 
amide with amide ions or to the ionization of zinc amide 
into hydrogen and HN:ZnNH,~ ions. To explain the 
dissolving of the slightly soluble zinc acetate by am- 
monium acetate in glacial acetic acid as reported by 
Davidson and McAllister (17) as due to the formation of 
hydrogen ions and subsequent neutralization by the 
base ammonium acetate seems rather awkward, while 
no difficulty is encountered if we attribute the dis- 
solving to a simple combination of the zinc acetate with 
free acetate ions. 
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Crystallized zincates, cuprites, and other salts have 
been prepared recently by Scholder and his co-workers 
(1). The behavior of the compounds on dehydration 
was shown to be in better agreement with the hydroxy 
complex formulas. The compound NapZnO,-2H,0, 
which would be Naz(Zn(OH),] according to the co- 
ordination complex theory, should lose 2H:O at a 
reasonably low temperature (below 200° probably), 
if the former represents its composition correctly. 
This compound was found to lose one molecule of water 
below 200° but the second was not removed even on 
heating to 465° for many hours. According to Scholder 
this supports the hydroxy complex formula since re- 
moval of the first molecule of water appeared to break 
up the complex ion leaving a mixture of zinc oxide and 
sodium hydroxide (which would not be dehydrated). 
Similar dehydration of a blue cuprite, Nag[Cu(OH),], 
readily removed one molecule of water, leaving a black 
residue, presumably a mixture of copper oxide and 
sodium hydroxide from which the second molecule of 
water could not be driven. 

It should perhaps be pointed out that the mechanism 
proposed in the hydroxy complex ion theory does not 
deny the existence of acidic tendencies in these hy- 
droxides. While acids are usually defined in the text- 
books as substances whose dissociation in solution 
yields hydrogen ions, any substance which combines 
with hydroxyl ions in aqueous solution is as effective 
an acid as one which contributes an equal number of 
hydrogen ions. Since in aqueous solution [H*]- 
[OH-] = Ky, if the reaction MOH @ MO- + Ht 
has a true equilibrium constant, K, = [H+][MO~-]/- 
[MOH], a constant value will also be found if the 
reaction is written as MOH + OH- @ [M(OH)~2], and 
the expression for the constant as K, = [M(OH)-2]/- 
[MOH ][OH~], although K, and Ke will differ numeri- 
cally. Hence the existence of true ionization constants 
calculated from the assumption of dissociation to give 
hydrogen ions is in equally good agreement with the 
hydroxy complex theory. 

Since the existence of basic properties in the hy- 
droxides is not concerned in the mechanism discussed, 
the theory may be extended to include almost any oxy 
or hydroxy acid. For example, the acid properties of 
silicic and boric acids may be pictured as due to the 
formation of similar hydroxy complexes. 

The hydroxy complex theory is perhaps more easily 
reconciled with the formation in many cases of colloidal 
solutions, especially when the alkali concentration is 
less. The dissolving of the metallic hydroxide caused 
by combination with hydroxyl ions and the formation 
of colloidal solutions can be considered as essentially 
the same reaction. In a solution of a metallic hy- 
droxide in alkali of relatively low concentration the 
complexes formed may contain a large number of 
hydroxide molecules and relatively few hydroxy] ions. 
A complex containing, for example, a hundred mole- 
cules of hydroxide to one combined hydroxyl would 
constitute a colloidal particle. In this way the amount 
of hydroxyl used in bringing about the dissolving would 
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be small. When the hydroxyl concentration is in- 
creased the relative number of combined hydroxyl ions 
would increase until each metallic ion would be sur- 
rounded by a number equal to its coérdination number. 
Thus, a true solution from which definite compounds 
might crystallize would form. 

The presentation of the hydroxy complex theory 
instead of the acid ionization theory to the college 
freshman would not add to his difficulties since complex 
ions are discussed in connection with polybasic acids, 
the dissolving of copper hydroxide in ammonia solu- 
tions, silver chloride in cyanide and thiosulfate solu- 
tions, and many other reactions which would other- 
wise remain mysteries. Indeed, presentation of one 
more type of complex ion and discussion of its forma- 
tion and dissociation may serve to make clear others to 
which he has been exposed but which he has passed 
over too quickly to understand clearly. 
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AN IMPROVED THERMOREGULATOR 
H. B. HUDDLE 


State Teachers’ College, Johnson City, Tennessee 


IN THE operation of a simple electric thermo- 
regulator of the inverted U type three difficulties were 
experienced. First, the mercury in the capillary tube 
(7) had a tendency to lodge between the contact wire 
(G) and the wall of the tube whenever it passed the tip 
of the wire. Second, a rise in temperature of a few de- 
grees, when the thermostat was not in operation, 
caused the mercury to flow out of the top of the tube 
(H). Then, cooling to the original temperature al- 


lowed it to fall below the bottom of the capillary tube. 
This necessitated the troublesome addition of more 
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mercury before the instrument could be reset. Third, 
although the instrument could be set at different tem- 
peratures by sliding the wire (G) up or down in (H) the 
range in degrees was small. 

In order to avoid these difficulties the thermoregu- 
lator was modified as shown in the accompanying figure. 
The first difficulty was avoided by the use of the bulb 
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Ai Toluene bulb E, F. Rubber tubes 
B. Side tube G, P. Fixed Pt contacts 
C, D. Reservoir bulbs Hf. Capillary tube 


Stopcock 


(C) which receives the excess mercury from the lag in 
the instrument and allows it to return to the capillary 
without sticking. The bulb (D) was added to avoid 
the second difficulty by providing an additional reser- 
voir. Any mercury adhering in the capillary connect- 
ing (C) and (D) can be returned to (C) by blowing in 
(F). The third difficulty was solved by the addition of 
the side tube (B). The instrument may be set at any 
temperature within a wide range. When the thermo- 
regulator has attained the temperature desired the 
stopcock (S) is opened and the mercury brought into 
contact with the tip of the wire (G) by sucking or 
blowing on the tube (F). The stopcock is then closed. 





















The ULTRAMICROSCOPE 
as a STUDENT PROJECT’ 


JAMES A. MILLER ano WALTER P. KETTERER 


Dormont High School, Dormont, Pennsylvania 


This article gives directions for the construction and 
operation of a simple ultramicroscope. The materials 
required are available in the average high school. The 


subject is discussed under four heads: (1) construction, 
(2) operation, (3) preparation of colloidal solutions, and 


++ + 


HE possibilities of the ultramicroscope as a stu- 

dent project are often overlooked. This is ap- 

parently due to the misconception that the in- 
strument is very complex; at least, such is the impres- 
sion given by many texts of general chemistry. A 
simple instrument embodying the principles of the 
ultramicroscopic method, however, can be easily con- 
structed. The materials required are to be found in 
almost any high-school laboratory. 

The best microscopes available are capable of re- 
solving particles about one-tenth micron in diameter. 
Many of the particles contained in colloidal solutions 
are much smaller and in order to make these visible 
we must resort to the ultramicroscopic principle. This 
utilizes the well-known ‘‘Tyndall effect.’’ In essence, 
this method consists of passing a powerful beam of 
light through a horizontal slit and, by means of a mi- 
croscope objective, focusing it within a cell containing 
the colloidal solution. This beam is then observed 
by means of a microscope placed at right angles to the 
path of the beam. When there is no object in the 
field of the microscope only darkness will be observed. 
If, however, a particle is present in the field and in the 
path of the light beam, diffraction occurs and the par- 
ticles betray their presence by producing a group of 
concentric colored rings. Such a diffraction halo is 
only an indication of the presence of a small particle 
and should not be considered as a true image. Thus 
colloidal solutions when viewed in this manner appear 
to be crowded with tiny moving particles. True solu- 
tions, however, appear optically void. 
~- The influence of matter in the colloidal state upon 
the economy of our everyday life and upon the reac- 
tions going on in living protoplasm can hardly be ex- 
aggerated. It is the purpose of this article to give 
directions for the construction of a simple ultramicro- 
scope, and to describe experiments by which some of 
the characteristics of colloidal solutions may be demon- 
strated. 

* The authors wish to express their gratitude to the members 
of the Science Department of Dormont High School for the help 
accorded them during the experiments made in conjunction 


with this article and to Miss Elizabeth Deacon for valuable 
criticism and suggestions. 


(4) general observation. Apparatus for demonstrating 
the Brownian movement in smoke as well as that for using 
high powers in observing the movement in liquids 1s de- 
scribed. The instrument is simple and instructive; it 
1s an immediate possibility to one who has a microscope. 


++ + 


MATERIALS AND DETAILS OF CONSTRUCTION 


The essential equipment consists of a microscope of 
moderate power having at least two objectives, a power- 
ful source of light, and a suitable cell for containing the 
colloidal solution. 

A piece of wood having the approximate dimensions 
of */,” by 8” by 30” forms a satisfactory base. Ring- 
stands will serve very well as supports in a temporary 
arrangement; however, with little extra effort, a per- 
manent instrument may be constructed by the use of 
wooden or metal devices. Vibration from various 
sources located both within and without the building 
can be lessened by the mounting of the base of the in- 
strument upon a number of rubber sponges. 

An idea of the general set-up is conveyed by the ac- 
companying diagram (Figure 1). A is the source of 


FicurE 1.—S1mpE VIEW OF ULTRAMICROSCOPE 


A—Light source C—Focusing objective 
B—Horizontal slit D—Cell 
E—Observing microscope 


light, such as an electric arc or a slide-projector; the 
horizontal slit, B, serves to restrict the beam of light 
to one plane; C, a microscope objective, focuses this 
flattened beam of light within the cell, D, which con- 
tains the colloidal solution; the beam traversing the 
colloidal solution is then observed by means of the 
microscope, F. 

The type of light source to be used depends upon the 
facilities available. Almost all high schools have 
among their equipment an electric arc or a slide-pro- 
jector. The electric arc, while giving an intense light, 
has two important disadvantages. First, it requires 
constant attention unless it is automatic in operation. 


570 





OcToBER, 1934 


Second, and most important, the fluctuation of the arc 
causes minute displacements of the focused beam within 
the cell. These waverings of the beam are especially 
noticeable when the higher powers of the microscope 
are used. The beam is very often displaced entirely 
from the field and focus upon which the observing mi- 
croscope is trained; obviously, these conditions do not 
permit an extended period of observation. These 
fluctuations, however, can be materially diminished 
if only cored carbons are employed. A slide-projector, 
on the other hand, furnishes a steady and strong beam 
of light. A five-hundred-watt projector easily serves 
the purpose, and while its light is not so intense as that 
of an arc, it provides a steady beam that permits the 
highest powers of the microscope to be used, and it 
will require little attention. 

If an electric arc is used it would be well to build a 
tin housing for it to prevent light leakage; with a 
slide-projector a simple cardboard shield serves the 
purpose. . 

The horizontal slit may be made from two 
blades, a piece of tin, and a length of heavy wire. 
details of its construction are shown in Figure 2. 
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FIGURE 2.—HORIZONTAL SLIT 


C—Heavy wire soldered to A 
D—Opening in A 


A—Sheet tin 
B—Razor blade bolted to A 


slit can be held in position by the fastening of the wire 
in a Bunsen clamp holder. The length and width of 
the slit as well as its distance from the focusing objec- 
tive will be discussed in the following paragraph. 

The focusing objective is nothing more than an or- 
dinary microscope objective so placed that it will con- 
verge within the cell the light issuing from the slit. 
The lens used should be a 16 mm. or 10X objective or 
some power not too far removed from this. The work- 
ing distance of this objective is about 7 mm. This is 
a convenient distance, for it should be remembered 
that although the observing microscope objective, the 
cell, and the focusing objective must of necessity be 
close together, they must not interfere with each other. 
If a second microscope is available an adjustable fo- 
cusing objective can be made (Figure 3). The mirror 
and stage are removed and the body-tube is taken from 
its track and replaced with the eyepiece end down- 
ward. The grip-arm is tilted at right angles to the 
pillar; the body-tube should now be in a horizontal 
position, and the space about the projecting objective 
clear for the placement of the cell and the observing 
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microscope. This arrangement provides an adjustable 
objective, which is not absolutely essential; the ob- 
jective itself can be used, secured in a horizontal posi- 
tion by means of a clamp and ringstand. When the 
adjustable arrange- 
ment described is 
employed the hori- 
zontal slit should 
be as long as the 
inside diameter of 
the body-tube and 
about 6 mm. wide 
for the normal 
body-tube length of 
160 mm. The slit 
should be placed as close to the open end of the body- 
tube as possible. For the objective alone the slit 
should be as long as the inside diameter of the objective 
and about 1 to 2 mm. in width. As before, the slit 
should be as close to the objective as possible. 

The cell for the colloidal solution is an important part 
of the ultramicroscope. Its walls must not reflect light 
and it must be bounded on two adjacent sides by plane 
transparent surfaces at right angles to each other. A 
simple cell satisfying these requirements may be con- 
structed from glass, hard rubber, bakelite, or some sim- 
ilar substantial material which is waterproof and more 
or less workable. 

If glass is selected the piece should be about 6 cm. 
long, 2 cm. wide, and at least 0.5cm. thick. Ata point 
on the upper surface about 3 mm. from one of the long | 
edges and about 1 cm. from the end a tiny hole is 
scratched in the glass with the point of a file. The 
hole is then filled with a glass-grinding fluid'; using 
the hole as a center and a sharp */,.” metal drill, bore 
a hole 3 mm. deep. By an even and gentle procedure, 
and by generous use of the grinding fluid, a neat hole 
can be made. If a thin wall of glass still remains on 
one side take a file and cut it away until a rectangular 
opening is made. The walls of the niche should be 
filed as flat as possible, care being taken that all of the 
surfaces being filed are well lubricated with the grind- 
ing liquid. When the cell proper has been completed 
the inner surface should be painted black. The cell 
is now ready for the attachment of the vertical cover 
glass, which is cut from a thin microscope slide and 
should be 5 mm. in width and 1 cm. in length. The 
slide is cemented over the vertical opening of the cell 
with Canada balsam or a similar waterproof cement. 
The remaining opening is closed by an ordinary cover 
glass after the cell has been filled. 

A less fragile and more easily constructed cell can be 
fashioned from hard rubber or bakelite. These ma- 
terials are easily shaped; as they do not reflect light 
very well the painting of the cell is avoided. The same 
general instructions that are given for the glass cell 
should be followed except that the block of material 








FIGURE 3.—DIAGRAM OF ADJUSTABLE 
FocusING OBJECTIVE 


A—Slit; B—Body-tube reversed in 


track 


1 HODGMAN AND LANGE, “Handbook of chemistry and 
physics,” 13th ed. Cleveland Rubber Publishing Co., Cleve- 
land, Ohio, 1928, Laboratory Arts and Recipes, p. 1044. 
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FIGURE 4.—DETAILS OF ULTRAMICROSCOPE CELLS 


D—Surface for clamping 
E—Colloidal solution 
F—Removable cover glass 
H—Wax for sealing 


A—Vertical cover glass 
B—Hole for bolting to rod 
C—Cell proper 


need be only 2 or 3 cm. long, 2 cm. wide, and 1 cm. 
thick. The niche is made in the manner described 
above except that the grinding fluid is unnecessary; 
a coping-saw should be used instead of a file for cut- 
ting away the wall. The glass block is made long in 
order to provide a surface for clamping. The hard 
rubber or bakelite block, however, is bolted to a rod 
which is then clamped in position. See Figure 4 for 
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tin formed into a cylinder and soldered around the free 
edges. The tube entering the microscope should have 
a diameter of about 7/3”; the diameter of the eye- 
piece tube is approximately 1”. The tubes are fas- 
tened to the inside of the box as shown in the diagram. 
A plane mirror is bolted at an angle of 45° to the side 
of the box. This simple piece of apparatus permits 
the observer to sit down while watching the colloidal 
particles; it is almost a necessity if one desires to ob- 
serve for any length of time. 

Difficulty may be experienced in holding the head 
steady and observing the particles at the same time. 
To correct this the observer may arrange some type 
of horizontal rod upon which he may fold his arms in 
order to support his head. The latter arrangement 
must be independent of the ultramicroscope itself as 
the vibrations set up will prevent observation if trans- 
mitted .» the liquid in the cell. 


PREPARATION OF COLLOIDAL SOLUTIONS 


Today it is recognized that the terms colloid and 
crystalloid distinguish between different states of mat- 
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FIGURE 5.—APPARATUS FOR OBSERVING BROWNIAN MOVEMENT IN SMOKE 


A-—-Mouthpiece 

B—Mohr pinchcock 

C—Rubber stopper for clamping 
D—Cell 


further information concerning the construction of 
these cells. 

In order to observe the Brownian movement in smoke 
a special cell must be made. With the exception of the 
side tubes it is similar to the hard rubber cell described 
above (Figure 4). The holes are !/;” in diameter and 
are bored from each end of the cell block to the center 
of each cell wall. The lead-in tubes are made by 
drawing apart a piece of glass tubing in the flame. 
The capillary is broken off each tube until an end hav- 
ing a bore of about '/1,” is obtained. These tubes are 
secured in the holes with a cement of asbestos fibers 
and water-glass. The tubes are first coated with the 
cement and inserted in the holes; cement is then packed 
about the tubes. The cell is kept in a warm place un- 
til the cement has hardened. The cover glasses should 
be permanently attached to the cell block. The de- 
tails of the remainder of the apparatus for the obser- 
vation of smoke are shown in Figure 5. 

The vertical microscope needs no detailed discussion 
here. In order to facilitate observation a right-angle 


extension tube may be built according to the directions 
given in Figure 6. The tubes may be made from sheet 


E—Bottle for catching tarry substances 
F—Holder for cigaret 
G—Cigaret 


ter and not between separate classes of matter. So 
many substances have been obtained in the colloidal 
form that this state is regarded as one in which almost 
every form of matter may exist. All of the different 
methods for the preparation of colloidal solutions may 
be divided into two classes. 
These are: (a) the ‘“‘con- 
densation” methods in Le: ! 
which we pass from a true | ov 
solution to a colloidal sys- Np 
tem, and (b) the ‘‘disper- 
sion’’ methods by which we 
pass from matter in mass 
to colloidal particles. We 
will deal here with only 
three of the six general 
methods of the condensa- 
tion class.” 












































FIGURE 6.—RIGAT-ANGLE 
EXTENSION TUBE 


A—Hole for bolting mirror at 
angle of 45° 

B—Tube entering microscope 

C—Eyepiece tube 

D—Open top, covered with 
cardboard lid 


2 GorTNER, ‘Outlines of bio- 
chemistry,” John Wiley & Sons, 
Inc., New York City, 1929, pp. 
21-42. 
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Hyprotysis Metuops. Certain substances soluble 
in water can be hydrolyzed to produce colloidal dis- 
persions of insoluble substances. An example is the 
hydrolysis of ferric chloride: 


2FeCl; + nH,O0 —> Fe:03-2H:O 4. 6HC1 


A ferric hydroxide sol may be prepared by ebullition of 
100 cc. of distilled water in a beaker with slow addition 
of 1 cc. of a 30% solution of ferric chloride to the boil- 
ing water. Hydrolysis of the salt occurs and a brown 
colloidal solution of ferric hydroxide is formed. If 
allowed to remain the hydrochloric acid formed during 
the reaction will cause a gradual flocculation of the 
colloid. The sol must be purified of most of the acid 
by dialysis. Make a dialyzer cup by folding an 8” 
square of wet parchment paper over a 150-cc. beaker; 
the paper is held in place by a piece of string tied about 
the beaker. When dry the cup is removed and fitted 
with a loop of string to form a support. Suspend the 
cup in a large beaker of distilled water after filling it 
with the colloidal solution. After three hours change 
the water, and leave overnight. This solution will 
be fairly stable. 

DovuBLE DeEcomposiITION MetuHops. Colloidal ar- 
senious sulfide. Prepare a 1% solution of arsenic tri- 
oxide by boiling 1 g. in 100 cc. of water and filtering 
the solution. Bubble hydrogen sulfide through this 
solution until it assumes a light yellow color. Filter 
if necessary. 

Colloidal Prussian blue. Mix 10 cc. of N/50 ferric 
chloride solution with an equal volume of N/50 po- 
tassium ferrocyanide. Filter and dilute to 40 cc. with 
distilled water. 

REDUCTION MeEtTHOopDs. Reduction may be carried 
out in a number of ways; the preparations described 
below use tannic acid as the reducing agent.’ 

Collo‘dal gold. Dilute 2 cc. of a 1% gold chloride 
solution with 98 cc. of water. Prepare a solution of 
0.5 g. tannic acid in 100 cc. of water. Heat both solu- 
tions and, using equal parts, slowly add one to the other. 
A colloidal suspension of gold results; the color of this 
may vary from a clear ruby to blue depending upon 
the size of the particles formed. 

Colloidal silver. Add very dilute (1:30) ammonium 
hydroxide, drop by drop, to 5 cc. of a 1% solution of 
silver nitrate until the precipitate which forms just dis- 
appears. After diluting with 100 cc. of water mix 
equal volumes of the resultant solution and a tannic 
acid solution as prepared above. In this case, tannic 
acid reduces silver oxide to colloidal silver. As with 
gold, the color varies with the size of the particles; it 
may be red, brown, or greenish brown. 

The colloidal solutions whose preparations have been 
described above represent only a few of the number 
which may be examined with this instrument. For 
more information concerning the methods and the 
preparation of colloidal solutions as well as colloids in 
general the reader should consult a text on the subject. 

‘ 


3 Hotmes, ‘‘General chemistry,” The Macmillan Co., New 
York City, 1922, p. 351. 
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OPERATION 


The apparatus is assembled as shown in the diagram, 
the light source, slit, and horizontal objective being 
placed as close together as possible. When these three 
parts are aligned the cell should be filled and the cover 
glass sealed with wax. It is then clamped in position 
and the beam of light is focused within the cell. The 
microscope is placed over the cell and the beam of light 
is centered. In order to do this the observer should 
remove the eyepiece and bring the beam into view by 
looking down the tube and raising or lowering the ob- 
jective; once the beam is brought into view it can be 
centered easily by shifting the base of the microscope. 
The eyepiece is then replaced and the objective is 
lowered almost to the point of contact with the cover 
glass. The observer, while viewing the unfocused 
field, should then slowly raise the objective until a 
clear image of the beam isformed. All centering should 
be done with a low-powered objective. 

In the use of the higher powers of the microscope, it 
will be troublesome to bring the objective of the ob- 
serving microscope and the beam of light close enough 
to permit the particles to be resolved. This difficulty 
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FiGcurE 7.—CELLS FOR USING HIGH POWER 


A—Thin cover glass 
B—Slanting hole 

C—Cell well for objective 
D—Hole for bolting to rod 
E—Ordinary cover glass 


may be overcome by one of the following methods. 
The cell may be placed at an angle to the beam of light 
and the observing microscope tilted to the same angle; 
this arrangement permits the beam to pass immedi- 
ately below the objective. The same end may be 
gained by the use of the cell described in Figure 7A. 
This cell is made from bakelite*or hard rubber and the 
same precautions should be observed as in the con- 
struction of the ordinary cell. The upper opening 
should be permanently closed with a very thin cover 
glass. The vertical opening is sealed with an ordinary 
cover glass after the cell has been filled. 

Still another method dispenses with the cell entirely. 
A small block of some non-reflecting material is clamped 
in such a position that one surface is parallel to and just 
below the beam of light. A drop of the colloidal solu- 
tion is placed near the edge of the block directly in the 
path of the beam. The microscope is placed over the 
drop of solution and the high-power objective lowered 
into the solution and focused upon the beam. The 
end of the hard rubber or bakelite cell can be used in 
place of the block for supporting the drop of colloidal 
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solution. The main disadvantage of the latter method 
lies in the fact that the changing curvature of the drop 
due to focusing and evaporation displaces the horizon- 
tal beam of light. This may be avoided by use of the 
cell described in Figure 7B. The details of its con- 
struction are given in the diagram. 

It will take some time to become proficient in plac- 
ing the cell and bringing the beam into view; but if 
one is deliberate and unhurried in his actions he will 
soon learn to operate his instrument quickly and effi- 
ciently. 

The room in which the apparatus is used should be 
as dark as possible. Both eyes should be kept open 
at all times while the instrument is being used. A 
piece of black cardboard should be placed before the 
eye not employed in viewing the beam; this arrange- 
ment is easy to become accustomed to and prevents 
the observer from unconsciously injuring his eyes. 

The cells described above are easily emptied and 
cleaned. If the cell has been sealed the wax is broken 
off and the liquid is absorbed by a thin roll of filter 
paper. The cell is then flushed with distilled water, and 
dried with another roll of filter paper. 

A micro-pipet, made by drawing a piece of glass tub- 
ing in a flame, is used in filling the cell. When the 
cover glass is lowered over the filled cell it should be so 
manipulated that no air bubbles are formed beneath 
it. The cell is then sealed about the edges with drip- 
pings from a wax candle. 


GENERAL OBSERVATION 


The most obvious characteristic of colloidal solu- 
tions when viewed under the ultramicroscope is that 
the apparently homogeneous solution now appears to 
be heterogeneous. Colloidal solutions, unless specially 
prepared, generally contain particles of varying size. 
The diameters of the particles vary from above 1 X 
10-4 mm., which is the limit of microscopic visibility, 
to 1 X 10~’ mm., which borders upon molecular di- 
mensions.‘ The following table shows the nomen- 
clature used for particles of varying degrees of dis- 
persity: 

Diameter 


1 X 10-2 mm. tol X 1074 mm. 

(visible under microscope) 

1 X 10-4 mm. to 5 X 10-6 mm. 

(visible under ultramicroscope) 

about 1 X 10-* mm. 

(existence can be demonstrated 
indirectly by ultramicroscope) 


Term 
Microns 


Submicrons 


Amicrons 


The ultramicroscope described above is capable of 
resolving the larger submicrons; however, many sols 
when viewed with this instrument will show only a 
faint light cone. This cone is due to the presence of 


4 GetMan, “Outlines of theoretical chemistry,” John Wiley 
& Son, 22>. New York City, 1918, p. 239. 
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the smaller submicrons and amicrons. Even the best 
ultramicroscopes cannot resolve an amicroscopic light 
cone, as it is termed. 

The Brownian movement, which is the effect pro- 
duced by the molecules of the medium upon the col- 
loidal particles, is easily discernible with this apparatus. 
As a result of this motion the particles describe com- 
plicated zig-zag paths. Other things being equal, the 
magnitudes of these paths depend upon the sizes of the 
particles and the density of the medium. In visible 
smoke, for instance, the motion is evident even when 
low powers are used. However, when the medium is a 
liquid the average free path is not as great, and high 
powers must be used to show the movement clearly. 

Certain precautions must be observed in the view- 
ing of the Brownian movement in tobacco smoke. The 
entire system should, of course, be air-tight. The smoke 
is imprisoned, after being drawn through the appara- 
tus, by release of the two pinchcocks in the order of 
their positions from the mouthpiece. The number of 
particles and the magnitude of their movements will 
probably astonish the observer when he first sees the 
smoke under the ultramicroscope. The smoke will 
gradually disappear. It is worth while to wait until 
only a few particles are visible; their motions may then 
be easily followed. 

There is a marked difference between the ultra- 
microscopic character of suspensoid and emulsoid col- 
loids. The suspensoids are in general well defined, 
the metallic sols especially so; but while the emulsoids 
show the Tyndall phenomenon, they are very poorly 
defined. This lack of distinctness is probably due to 
the small difference between the refractive indices of the 
particles and the medium. Conversely, if the differ- 
ence between the refractive indices is considerable the 
definition will be good. The ultramicroscopic char- 
acter of visible smoke is generally rather well defined. 

In addition to the above there are many other ex- 
periments relating to colloids that could be carried out 
with the aid of this apparatus. For instance, the ultra- 
microscopic nature of many common substances could 
be investigated. Or the instrument described could be 
refined by having the moving parts made more easily 
adjustable and by being changed in any other respect 
that would make it more efficient. An adjustable slit 
permitting thin slices of the colloidal solution to be 
taken is but one example of this. More difficult ex- 
periments such as the photographing of colloidal par- 
ticles, the determination of particle size, or the demon- 
stration of cataphoresis might be attempted. 

There is no reason why the average high-school 
student of chemistry cannot make a similar instrument 
and go much beyond the scope of this article if he is 
willing to undertake the necessary study and experi- 
mentation. 








OXIDATION of AMMONIA 
to NITRIC ACID— 
A DEMONSTRATION 


ARTHUR HAUT 


Grover Cleveland High School, New York City 


A method of transforming ammonia to nitrogen per- 
oxide and nitric acid with copper oxide as the catalyst is 
described below. 

+++ oo + 
N THE October, 1933, issue of the JOURNAL OF 
CHEMICAL EpucaATION Hazlehurst described an 
apparatus to demonstrate the catalytic oxidation 
of ammonia, using platinum as the catalyst. Hazle- 
hurst’s apparatus has the advantage of very nearly 
duplicating the actual commercial process. In teach- 
ing ammonia oxidation to a class of secondary-school 
pupils, especially where these happen to be as low as 
the second year, the author of the present paper set 
about to find a means of demonstrating the oxidation 
of ammonia to nitric acid, satisfying the following 
points: 
1. The formation of visible brown nitrogen peroxide. 


This does not seem to show when platinum is the 
catalyst because the oxidation in the presence of 
platinum proceeds largely to the direct formation of 


nitric acid. In teaching commercial processes for 
manufacturing nitric acid the arc process involving the 
oxides of nitrogen has usually already been shown. 
The pupils are therefore familiar with nitrogen peroxide 
as the forerunner of nitric acid. They see the equa- 
tions: 


4NH; + 50. —> 4NO + 6H20 
2NO + 0. —> 2NO; 


in their textbooks and hence the logical thing from 
their viewpoint is to expect to see nitrogen peroxide at 
some point in the demonstration. 

2. Elimination of electrical heating. The author 
believes that the introduction of electrical heating 
unnecessarily complicates the apparatus. The pupil’s 
attention is withdrawn from the important chemical 
fact and centered on something he usually does not 
understand at this time anyway. 

3. A good test for a nitrate. The product must give 
a test for a nitrate which the pupil knows. The brown 
ring test is the one with which such pupils are familiar, 
and any other advanced tests such as the diphenyl- 
amine or nitron test would not be good pedagogy. 

With these points in mind it was found that a highly 
satisfactory oxidation of ammonia to nitrogen peroxide 
could be made using copper oxide as the catalyst in the 
apparatus shown in Figure 1. A mixture of ammonia and 


oxygen is passed through a length of brass or copper pipe 
or tubing heated strongly to a red heat near the outlet 
end, the catalyst being supplied by surface oxidation 
of the pipe. The length of the brass pipe is not im- 
portant. Pipes 1’ to 21/2’ in length and 1/2” to 3/,” in 
diameter were used. The thickness of the walls should 
be about 1 mm. 


NH 
, 
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FIGURE 1 


The important thing is to heat the pipe very 
strongly. This can be done with a good burner shielded 
from drafts. The reaction was found to proceed best 
when both the inside and outside of the pipe glowed 
from the heat. The oxygen was produced by merely 
heating a mixture of potassium chlorate and man- 
ganese dioxide, while the ammonia was generated by 
dropping concentrated ammonium hydroxide very 
slowly on a few sticks of caustic soda. In this manner 
a steady stream of ammonia gas is formed, demanding 
no attention on the part of the demonstrator once it has 
started. In a very short time the flask which should 
be of at least 500-cc. capacity will show the brown 
color of nitrogen peroxide. Add about 25 cc. of water 
and shake to dissolve the gas. ‘A piece of blue litmus 
paper will show the presence of an acid. To obtain a 
good test for a nitrate, the nitrite ion should first be 
eliminated. This may be done by oxidizing it with a 
dilute solution of potassium permanganate or some 
hydrogen peroxide. The brown ring test is then ob- 
tained very easily. 

Should the instructor object to oxidizing the nitrite 
ion, an alternate method is to destroy ‘this ion by 








boiling the solution of nitrogen peroxide with dilute 


sulfuric acid, cooling, and then applying the brown ring 
test. 

Similar results may be obtained by substituting a 
glass tube for the metal tube and inserting a six-inch 
strip of copper gauze into the tube. The copper gauze 
should be folded so that as much surface as possible is 
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exposed to the mixed gases. The glass tube is heated 
at the point where the gauze is placed, until the gauze 
starts glowing. When this is done the copper is, of 
course, oxidized to copper oxide which is really the 
catalyst. Better results seemed to be obtained with 
the metal tube, probably because a higher temperature 
is more easily reached. 

Explosions in the tube are rare though not unknown. 
They are harmless because the tube is open. 
When a platinum wire spiral is substituted for the 
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copper gauze it glows when the gases pass over it even 
after the flame is removed. Explosions with the 
platinum are much more frequent than with the copper 
oxide but they are also harmless. A good nitrate test 
may be obtained but again nitrites must be eliminated. 

A new piece of platinum wire does not give good re- 
sults immediately. It will do so only after having been 
exposed to the mixed gases for several minutes. In this 
manner it becomes activated and changes in appear- 
ance to a dull gray with what looks like a pitted surface. 





EVERAL types of apparatus which will demon- 
strate the disintegration of radioactive substances 
are on the market. Most of these, however, are 
so costly that many students are never given the op- 
portunity of examining one of them first hand. The con- 
struction of a simple fog-track apparatus is well within 
the capabilities of a freshman student of chemistry 
or physics, and the results ; 

obtained are well worth the we sense 
time involved. A_ similar 
apparatus is sold by the 
Central Scientific Co. under 
the name of “‘Knipp’s Alpha- 
Ray Track Apparatus’’ [U. S. 
Pat. No. 1,617,397]. 

The materials needed are 
as follows: one 200-cc. 
Erlenmeyer flask with a 
bottom as flat and free from 
irregularities as possible; one 
rubber bulb about two inches 
in diameter (similar to the 
type with which small hy- 
drometers are equipped); a 
very small pinch of finely 
pulverized pitchblende (a salt of uranium or thorium 
may be substituted here, but is not quite so efficient) ; 


Sealing 
f wax 







Erlenmeyer 
flask 


Rubber 
bulb 


a short piece of 4- or 5-mm. soft-glass tubing; a small . 


piece of red sealing wax. 

The most difficult procedure in preparing this ap- 
paratus is the blowing of a small bulb, on the piece of 
glass tubing, that is thin enough to permit the pas- 
sage of alpha particles and yet strong enough to with- 
stand the pressure to which it is to be suvjected. This 


An ALPHA-RAY TRACK APPARATUS 


University of Idaho, Southern Branch, Pocatello, Idaho 











can be effected by heating the glass tubing and draw- 
ing it out to a diameter of about 1 millimeter. The 
capillary should then be broken at the center and the 
piece selected should be sealed over. While hot it 
should then be blown out to make a bulb about 4 or 
5 mm. in diameter. The finely pulverized pitch- 
blende should then be placed in the bulb before cutting 
off the excess'glass tubing. After this is done the capil- 
lary should be sealed off at a distance from the bulb 
equal to one-half the inside diameter of the bottom of 
the Erlenmeyer flask (about 3 cm.). The sealed end 
of the capillary is then fastened to the side of the flask 
by means of the sealing wax in such a way that the 
small bulb reaches the center of the flask at a point 
about 2 millimeters from the bottom. The flask 
should then be filled to the neck with water colored with 
a small amount of methylene blue or other suitable 
dye to furnish the necessary dark background. The 
rubber bulb is then slipped over the neck of the flask. 
The apparatus is best supported on a ring stand by 
means of a buret clamp. Alternately compressing 
and releasing the bulb produces the fog tracks. 

An apparatus made according to the above direc- 
tions has been used for two years and seems to operate 
as well as ever. The visibility of the fog tracks may 
be improved by the use of illumination from the side 
by means of an enclosed light bulb. With the above 
apparatus the number of tracks is about ten or twelve 
during the first half minute that it is used. This 
gradually decreases, probably because of the accumu- 
lation of ionized gas in the air chamber. If, however, 
the apparatus is inverted for a few minutes so that the 
water in the flask covers the glass bulb containing the 
pitchblende, the activity again reaches its previous value. 
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GEISSLER TUBE of 


SIMPLE CONSTRUCTION 


LOUIS AUERBACH anp HERMAN KAMMIN 
Grover Cleveland High School, New York City 


LTHOUGH the Geissler tube is a valuable tool 
for use in demonstration on physics and chemis- 
try lecture tables, its construction is usually 
thought to necessitate the use of high-vacuum pumps. 

A simple Geissler tube, which may be constructed 
by anyone with a slight knowledge of glass blowing, 
is the subject of this paper. It is the more interesting 
in that it is of rather wide application, as it can be used 
to demonstrate the principle of the barometer, the 
simple gas discharge tube in physics, and the method 
of producing a glow discharge in gases in general science 
and chemistry. 

The method herein described is the oldest method 
ever used to produce evacuated chambers and was 
used by Torricelli and his associates in the seventeenth 
century in their researches upon the properties of evacu- 
ated bodies.' They did not, however, seal electrodes 
through glass but produced gas discharges by producing 
electrostatic charges on the walls of the vessel either by 
rubbing it or by splashing mercury in the evacuated 
vessel. 

CONSTRUCTION 

The method of construction is evident from Figure 1. 
The apparatus, A B C, is inverted so that the elec- 
trode chamber is at the bottom and then filled with 
mercury. A funnel drawn out to a capil- 
lary tip works very well. The thumb of 
the operator is then firmly placed over 
the open end of the vertical fall tube, 
the apparatus is re-inverted, and the end 
C is plunged under the surface of the 
mercury pool before the thumb is re- 
leased. The apparatus then should pre- 
sent the appearance represented in 
Figure 1. The mercury should sink far 
enough in the tube so that the bulb 
can be sealed off with a hand torch. 

An alternative method is to fill the 
bottom of a side-arm test-tube with mol- 
ten beeswax and while it is still soft to 
place it over the end of the inverted (and filled) 
apparatus so that the end of the tube C is covered 
with the beeswax, while at the same time a one-hole 
rubber stopper previously slipped over the tube C 
closes the mouth of the test-tube. Now invert the 
entire device; the mercury column will be capped 
by the beeswax until the apparatus is upright when 
the weight of mercury will cause it to break loose from 
the beeswax and drop to a barometric column. 





FIGURE 1 


A &B—Elec- 
trodes 
E— Mercury 


1 Kaye, G. W. C., “High vacua,” 1st ed., Longmans, Green & 
Co., New York City, 1927, p. 10. 
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This arrangement has the advantage that suction can be 
applied to the side-arm and the vacuum in the discharge 
tube thus varied at will before it is finally sealed off. 

Two major disadvantages of this Geissler tube are 
that only an air-mercury discharge tube can be pro- 
duced while, secondly, a barometric vacuum (0.001 mm. 
Hg) is never attained because of the minute bubbles 
of air which are trapped in the apparatus and reduce 
the vacuum attained. In most cases, however, a pres- 
sure of less than 10 mm. Hg can be reached, this last 
pressure representing the highest one with which a 
satisfactory Geissler discharge can be obtained. 

The fall-tube can be 
easily sealed into the Geis- 
sler tube by drawing down 
the wide tube, to be used as 
a Geissler tube, at one end 
and sealing the fall-tube to 
the narrowed glass tube. 
This operation is best per- 
formed by heating the glass ends to be joined in a 
brush-flame on the blast lamp, touching the ends of the 
tubes together, and then going over the joint thor- 
oughly with a hot needle flame. A fully detailed de- 
scription of this operation and those to be described 
immediately following will be found in any text on 
glass blowing.” 

Briefly, the process of sealing in the electrodes* is as 
follows. The tube is drawn down to a small aperture 
where the electrode is to be sealed. In the event that 
the point is at the side of a tube, the spot is heated hot 
with a small flame, a glass rod is touched to it, and a 
thin capillary is pulled out, using the rod as a handle. 
The capillary is then broken off close to the main tube. 
The electrode (platinum or dumet) is slipped into a 
short section of thin capillary tube (previously drawn 
down from ordinary tubes) heated until the glass melts 
and adheres perfectly to the electrode. The glass- 
sheathed wire is then inserted into the aperture already 
prepared in the discharge tube, and the tube is melted 
down upon it. If a temporary installation is desired, 
the electrodes can be sealed in with De Khotinsky ce- 
ment, which will keep the degree of vacuum desired 
for several days under favorable conditions. 


D A 
FIGURE 2 
D—Vacuous space 


2 FRARY, TAYLOR, AND EpwArps, ‘‘Laboratory glass blowing,” 
2nd ed., McGraw-Hill Book Co., Inc., New York City, 1928, 
p. 94, et seq. 

3 Levitt, ‘‘Pyrex bends bulbs and seals,” 
Works, Corning, N. Y. 

* An acceptable electrode can be salvaged from the press of a 
burnt-out electric light bulb or radio tube. Only the iron or 
nickel end must be sealed in, however, as a copper wire will 
amalgamate with the mercury. 


Corning Glass 





SCIENCE un SOUTH CAROLINA 


HIGH SCHOOLS’ 


EMMA WHITTON 
Coker College, Hartsville, South Carolina 


HE OBJECT of this study was to determine the 

status of science teaching in South Carolina 

high schools. All available sources of informa- 
tion were liberally used. These consisted of the 
publications of the State Department of Education, 
the reports of the county superintendents of education, 
and of superintendents and teachers of individual 
schools. 

In this investigation a questionnaire was mailed 
to the superintendents of all South Carolina schools 
that are members of the Southern Association of 
Colleges and Secondary Schools, and to the super- 
intendents of other South Carolina schools known to 
have science courses. Although few, if any, high 
schools offering science work have been omitted in 
this investigation, the most intensive study was made 
of those schools which are members of the Southern 
Association. 


The following table is a condensed summary of 
some results of the investigation: 


Schools 
in which 
required 


Schools 
in which 
elective 


Schools No. enrolled 
offering in 
subject course 
(in state) 
5024 
3894 


Subject 


General Science 
Biology 

Physics 1152 
Chemistry ; 1452 
Commercial Geography : 202 
Physical Geography y 217 
Geography ; 91 
General Business Science ; 52 
Social Science : 25 


From these statistics it appears that the four sciences 
most generally taught are general science, biology, 
chemistry, and physics. These are taught in the 
first, second, third, and fourth years, respectively. 
The other sciences may be selected in any year, ac- 
cording to the arrangement of the respective curricula. 

The science equipment in the accredited high schools 
of the state is exceedingly poor. In individual schools 
the values range from $75 in general science to $3000 in 
physics. The Greenville High School has the most 
valuable science equipment in the state, the total value 
of the equipment in physics, chemistry, and biology 
being $9000. This is probably due to the fact that 
Greenville is a city with many technical industries. 

In all cases but one the science teachers are college 
graduates. The question, ‘““‘Has there been special 
training in the sciences?”’, brought varied answers. 


* An undergraduate research study. 


By “special training’? was meant any work beyond 
that required for the college degree. Only 12% 
answered ‘“‘no”; 8% have M.A. degrees; one a Ph.D.; 
and the rest A.B. or B.S. degrees. 

In only 25% of the accredited schools in the state 
is the science teacher restricted to his own field. Else- 
where he also teaches some subject other than science. 
In many instances there may be three science teachers, 
and only one, or possibly two, who teach other subjects. 
Mathematics seems to be the additional subject most 
frequently taught, with history, English, and French 
coming next in the orders given. 

There are approximately 48,470 high-school students 
in the state. From those attending schools offering 
courses in science, only 26% take advantage of the 
opportunity for scientific training. This is a low 
percentage and should be raised. 

The mathematics requirement in the accredited 
high schools is not adequate for science work. Often 
only three courses are offered—two years of algebra, 
and one of plane geometry. Neither solid geometry 
nor trigonometry is included in most high schools of 
the state. There are some schools which do not re- 
quire mathematics for graduation. In fact, one may 
get a state diploma without mathematics. Only 
sixteen units are required, and these may comprise 
four in English, one in American history, three in a 
major subject, two in a minor subject, and five in 
electives. Doubtless some mathematics would be 
included in the electives. Since mathematics is the 
foundation of all science, a lack of training in this 
subject prevents successful work in the sciences. 
This is perhaps the reason why few students avail 
themselves of science courses in college. 

A study was made of certain counties of the state; 
a typical county, Marlboro, gave the following data. 
All high schools in the county include general science 
in their curricula; 80% include biology; 20% include 
chemistry; and 20% physics. In the entire county 
there are 419 students enrolled in these sciences, 
82% of which are elective. The laboratory equipment 
for the county is valued at approximately $3650. 
All the teachers are college graduates and 77% of 
them teach other subjects in addition to science. 

The writer draws the following conclusions: 

(1) The high schools in South Carolina, even the 
accredited ones, do not have, on the average, science 
departments adequate for the training of high-school 
students. 

(2) Inschools where sciences are taught, the courses 
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are too often elective and classes are consequently 
small. 

(3) Only 25% of the science teachers in the ac- 
credited schools teach science alone. This condition 
does not offer an incentive for teachers to prepare for 
the teaching of sciences only. 

(4) Only 26% of the students where sciences are 
taught take advantage of scientific instruction. In 
the state as a whole, perhaps not more than five to 
ten per cent. of the high-school students are being 
trained in the sciences. 

(5) In the typical county mentioned, the total 
laboratory equipment for all the high schools is only 
$3650. The writer contends that this amount of 
equipment is entirely too meager. 

(6) Perhaps one of the most serious of all criticisms 
applies to the teacher. Only 8% of the teachers have 
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undertaken training beyond that required for a bache- 
lor’s degree, which demands only introductory courses 
in science. 

(7) This study includes in the main only the best 
schools of the state (the accredited ones). Thousands 
of high-school students in the state have no oppor- 
tunity for scientific training other than elementary 
agriculture. Of the 48,000 high-school students our 
figures indicate that only 8 to 10 thousand, or 20%, 
avail themselves of the opportunity of science study. 

(8) The writer is forced to draw the conclusion 
that South Carolina (and possibly many other southern 
states) is far behind in the teaching of science in her 
high schools, and that one of the most crying needs 
of the educational system of the state is a greater 
emphasis upon science, scientific equipment, and 
specially prepared teachers. 





TREATMENT of STUDENTS 
EARNING LOW GRADES’ 


F. E. BROWN anp R. R. COONS 


Iowa State College, Ames, Iowa 


HE CAUSES for the quality of work done by col- 
Pees students in freshman chemistry may be un- 

known, but every teacher of the subject knows 
that the close of each term will bring the problem of 
dealing with students whose work has been unsatis- 
factory. The welfare of the student should finally de- 
termine the treatment to be accorded. The student’s 
welfare is an ill-defined conception but it is concerned 
with, at least: his interest in the subject, his mastery of 
the subject, a realization that hard, honest work is re- 
quired and is effective, and the conservation of his 
time, effort, and money. 

For many years the passing grade at Iowa State Col- 
lege was 75%. Grades below passing were W, with- 
held, C, condition, and N. P., failure. A failure re- 
quired the repetition of the entire work of the course. 
A condition or a withheld grade required that a part, but 
not all, of the work be repeated. A withheld grade dif- 
fered from a condition only in the fact that the former 
was employed when the causes for failing to do satisfac- 
tory work were beyond the control of the student. 

Nearly all grades of 75% and many grades of 76% 
are given to students whose work is really unsatisfac- 
tory. The student always receives the benefit of any 
doubt about the justice of rating him below passing, 
and many receive grades of 75% or 76% in the hope 


* Abstract of a paper delivered at the Twelfth Midwest 
Regional Meeting of the A. C. S., Kansas City, Mo., May 4, 1934. 


that a low passing grade will be sufficient warning to 
secure better work in subsequent courses. For this 
reason, students receiving grades of 75% and 76% 
are included in this study. 

The methods prescribed for the completion of the 
work of a course serve as the basis for division into 
groups. The groups are: I, those who received 75% 
or 76%; II, those who received a condition remov- 
able by passing an examination; III, those who received 
conditions removable by repeating lectures and recita- 
tions without laboratory; and IV, those who received 
failures removable only by repeating the entire course. 
A study of the students whose: grades were withheld 
shows that they belong, in large part at least, to a dif- 
ferent class of students and a study of that group is not 
included in this report. The group to which a stu- 
dent is assigned is determined by the group into which 
he fell on his first appearance in any of these groups. 
During a period of about ten years, these groups 
included 5765 students distributed as follows: I, 2450; 
II, 753; III, 1381; IV, 1181. 

The following tables show the enrolments and grades 
received in subsequent courses in chemistry by members 
of each of these four groups. The numbers in the dif- 
ferent groups are quite different. Therefore, in order 
to make comparisons easy the data in the tables have 
been computed on the basis of 1000 students in each 
group, or 1000 enrolments in a specified group of 
courses in chemistry. 
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Table I shows the number of students per thousand 
students in each group who continued work in subse- 
quent courses. The school year consists of three 
quarters. 


TABLE 1 


Group Group Group Group 
I Il Ill IV 


Did not reénrol 121 271 325 491 
Dropped after second quarter 301 301 316 279 
Took chemistry only one year 255 226 154 140 
Registered in courses after the first year 323 202 205 90 


This table shows that the proportion of students 
dropping from chemistry is roughly proportional to 
the severity of the requirements necessary for com- 
pleting the work of the courses in which they are de- 
linquent. Of course, if the judgment of the teachers is 
good, the severity of the requirements for removal of 
the conditions is inversely proportional to the proba- 
bility that good work will be done by the student. 
This probability involves character, persistence, and 
previous training as well as ability. It is reasonably 
predictable that those with less expectancy of success 
and greater immediate tasks would give up the struggle 
in relatively larger numbers. 

Table 2 shows the total number of grades made per 
thousand students in each group. The grades re- 
ceived in each group are separated on the basis of qual- 
ity of work done. 


TABLE 2 
SUBSEQUENT GRADES IN CHEMISTRY PER THOUSAND STUDENTS 


Group Group Group Group 

4 17 Ill lV 

Failures 147 279 181 157 
Conditions 281 214 253 184 
75% or 76% 358 428 391 247 
77-90% 746 890 867 431 


91-100% 17 7 21 11 
Total number of passing grades 1121 1325 1279 689 


The larger number of failures in Group II is due in 
part, at least, to the failures which occur when the ex- 
amination is written at the opening of the next term. 
The larger numbers of passing grades in Groups II and 
III, when compared to Group I, are due, in part at least, 
to the passing grades received in the work of the term 
for which those receiving 75% or 76% have already re- 
ceived a passing grade. 

Table 3 shows the distribution of grades per thou- 
sand grades in each group. This shows the quality of 
work done regardless of the number of subsequent en- 
rolments. 

TABLE 3 
SUBSEQUENT GRADES IN CHEMISTRY PER THOUSAND GRADES 


Group Group 
Il IV 
Failures 95 153 106 151 
Conditions 181 118 147 176 
75% or 76% 232 235 189 238 
77-90% 481 489 506 415 
91-100% 11 4 12 20 
Passing grades per 1000 grades 724 728 707 673 


Group Group 
I Il 


Tables IV and V show the distribution of grades re- 
ceived in chemistry courses taken after the completion 
of the first year’s work in chemistry. Table 4 is cal- 
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culated on the basis of 1000 students of each group. 
Table 5 is based on 1000 enrolments in chemistry 
courses beyond the freshman year’s work, in each 
group. 

TABLE 4 


DISTRIBUTION OF GRADES IN CHEMISTRY AFTER THE FIRST YEAR 
PER 1000 STUDENTS IN Eacu Group 


Group Group Group Group 
I I Ill IV 
Failures 42 25 38 11 
Conditions 98 50 75 27 


75% or 76% 82 52 67 23 
77-90% 263 161 150 68 


91-100% 6 0 2 3 
Passing grades per 1000 students 351 213 219 94 


TABLE 5 


DISTRIBUTION OF GRADES IN CHEMISTRY PER 1000 ENROLMENTS 
AFTER THE FIRST YEAR 


Group Group 
III IV 


Failures 86 87 114 83 
Conditions 200 174 226 205 


75% or 76% 167 180 202 
77-90% 534 559 452 


91-100% 13 0 6 
Passing grades per 1000 enrolments 714 739 670 

Tables 2 and 3 show that if students receive con- 
ditions in freshman chemistry removable by examina- 
tions and remove the conditions by that method, they 
receive as high grades in subsequent courses in chem- 
istry as students who were given 75% or 76%. This 
seems to show that students ill-prepared for a succeed- 
ing course in chemistry may materially improve their 
chances of success in future work by preparing for and 
passing an examination to remove a condition. If this 
is true some students now compelled to become irregu- 
lar by the repetition of lectures and recitations might 
be permitted to take an examination without jeopard- 
izing their future work. It is possible that, if some of 
the students who are now given low passing grades 
were compelled to spend a vacation period studying 
the work they slighted during the regular term, their 
work in subsequent terms would be improved. 

When large numbers of examinations are assigned 
without some system, large numbers of failures result. 
When the routine procedure was to request all or nearly 
all students whose work was unsatisfactory to write 
an examination, and notices were mailed after vacation 
had begun, about three-fourths of those who reported 
for the examinations failed and those who passed were 
ill-prepared. To avoid these disappointments to the 
students and the burden of giving and grading useless 
examinations, a regular procedure is followed. Before 
the close of each term each student is told that he should 
see his instructor after his final examination is graded, 
and that no student whose work is unsatisfactory will 
be permitted to remove a condition by passing an ex- 
amination unless he does call on his instructor and ask 
for that privilege. Unless the student can show that 
he has some plan for systematic study he is told that 
he must repeat the lectures and recitations before tak- 
ing the next course. The number of conditional 
examinations is decreased but the percentage of the ex- 
aminations above passing is greatly increased. About 
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I il 
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four-fifths of those given permission to take conditional 
examinations are successful. Weather is apparently 
a factor in student success in passing examinations. 
Thirty-three of the thirty-four candidates who appeared 
at the close of one stormy, disagreeable Christmas 
vacation were successful. 

In some cases, especially in qualitative analysis, a 
large fraction of the conditions is due to a failure to 
complete the analyses required. Our data do not in- 
dicate that conditions given because of slow work in 
laboratory are associated with a tendency to do poor 
work in subsequent courses. About 96% of the stu- 
dents who receive such conditions complete the work 
of the first year, 44% enrol in courses in advance of 
the first year, and 82% of all subsequent enrolments 
result in passing grades. 

Students who have taken any course in chemistry 
and are yet unqualified to attempt the work of some 
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subsequent course should be required to make up their 
deficiencies before undertaking the advanced course. 
The method for removal of deficiencies should not un- 
necessarily hamper the student. Failure to complete 
laboratory work on time, and failure due to illness or 
other unavoidable cause, has little or no influence on 
the grades in subsequent courses. The surprising re- 
sult of the survey was the comparatively good subse- 
quent record of those who prepared for and took exami- 
nations, sometimes within a week of the close of the 
term during which they received a condition. This 
good record is achieved by making the taking of the 
examination a privilege to be secured only upon re- 
quest by the student and by permission of the in- 
structor. Each delinquency remains a separate prob- 
lem involving a personality and a deficiency, both of 
which must be considered. 





NEW BORAX BEAD TECHNIC 
EUGENE W. BLANK 


Colgate-Palmolive-Peet Co., Jersey City, New Jersey 


THE PRELIMINARY examination of solids before 
their analysis by the usual wet procedure frequently 
includes treatment of the substance with borax or 
microcosmic salt. The operation of forming a borax 
bead requires no explanation here. 

Formation of a borax bead on the end of a platinum 
wire presents certain disadvantages, among which 
may be mentioned the inability to secure the proper 
color of the bead when more than one metal is present 
in the sample, and difficulty when but one metal is 
present in minute quantities or in excessive amounts. 

The writer prefers to use small porcelain crucibles 
for exact borax bead work. Size 1 to 00 Coor’s porce- 
lain crucibles are convenient. One to 2 g. of borax 
is melted to a clear glass on the bottom of the crucible 
after which several minute particles of the solid material 
are added to the molten borax by means of a spatula. 
The borax is heated to dissolve the particles and yield 
the color reaction. 

This method possesses two distinct advantages; very 
slight color changes are readily seen against the white 


1 For a concise table of borax and microcosmic bead colors see 
MCALPINE AND SOULE, “Qualitative chemical analysis,’’ based 
on the text by PRESCOTT AND JOHNSON, D. Van Nostrand Co., 
Inc., New York City, 1933, p. 590. A more detailed table is 
given in ‘‘The chemist’s handbook,”’ compiled and edited by the 
International Correspondence Schools, Scranton, Pa., 1921, p. 

2. 


background and, what is more important, if the mate- 
rial has been well distributed over the melt with con- 
siderable space between the individual particles, two or 
more metals may be recognized by their characteristic 
borax bead colors and the material under test accord- 
ingly shown to be a mixture. 

The color of the bead after reduction is observed by 
heating the crucible and melt while a stream of illu- 
minating gas or hydrogen is led into the crucible 
through a slender glass tube. A lid is used to partially 
close the crucible and thus maintain a reducing atmos- 
phere over the melt. Reduction usually occurs in 5 to 
10 minutes. 

Small quantities of borax should be used, as larger 
amounts scale or crack the crucible upon cooling. The 
method is not advocated for class instruction but rather 
as an aid in precise, analytical work. 

For transferring particles to the borax melt, a 
platinum wire is useful. The writer prefers a rather 
heavy wire attached to a glass rod by means of a '/2-inch 
section of rubber tubing. Such arrangement allows for 
the wire being removed and thoroughly cleaned by 
immersion in a pyrex test-tube full of molten sodium 
bisulfate. Scholes? has called attention to the fact 
that bisulfate fusions can be satisfactorily carried out 
in glass. 


2 ScHoes, Glass Ind., 11, 237 (1930): 





CORRESPONDENCE 


PROBLEM FORM FOR INDEPENDENT STUDY 


To the Editor 
DEAR SIR: 


Several years ago I began an 
intensive study of physical chem- 
istry. Realizing that reading alone 
was not sufficient, I started to 
work a number of problems. These 
I did on scrap paper, throwing 
them away when completed. Then, 
realizing that this work was lost 
for future reference, I designed a 
form (letter size, punched for stand- 
ard looseleaf cover) on which to 
work problems. This I had printed. 
A worked problem on this form is 
enclosed, the problem being of my 
own construction. 

This printed form was designed 
to meet the following requirements: 

One problem to a form. 

Title and author of book from 
which problem is taken, page on 
which found, and problem number. 

A complete and identical copy of 
problem as given. 

The author’s answer to problem, 
if any. 

Laws used to solve problem, with 
formulas. 

Necessary data not given in prob- 
lem. 

The calculations made in proper 
order. 

The errors which are natural to 
the laws used and to the method 
of solution. 

My answer, the number of math- 
ematical operations, and the num- 
ber of mistakes made. 

Yours truly, 
CLAIR C. RAUSCH 


2947 Bewick AVENUE 
DETROIT, MICHIGAN 


PROBLEMS IN PHYSICAL CHEMISTRY 
CLAIR C. RAUSCH 
Date Feb. 13,1934 TYPE Osmotic Pressure PROBLEM No. 5 


Problem. Source By Clair C. Rausoh Page Nu 
Letter parts, a, b, ¢, etc. 

A physiological salt solution is made by dissolving 8.5 grams 
of NaCl in one liter of distilled water. This solution is isotonic to 
the blood, that is, it has the same osmotic pressure. Calculate the 
osmotic pressure of the blood, assuming that the NaCl is 85% ionized. 
Body temperature is 98.6°F. Express your answer in atmospheres and in 
pounds per square inch, 








Mine 6.84; 100.6 


Answer. Source 6e84; 100.6 Difference: 


Laws used i—give formulas. 

The Iaw of Charles: Volume being constant, the pressure of an 
ideal gas is directly proportional to its absolute temperature. 
P:Po::TP:To- Van't Hoff's Hypothesis: Dissolved substances act as 
though they were gases occupying the seme space. The osmotic pressure 
exerted by a substance in solution is equal to the gas pressure which 
it would exert if it were a gas occupying the same volume as that of 


the solvent. 








Necessary data and assumptions: 
One mol of a non-electrolyte when dissolved in 22.4 liters of 


water at O°C, will have an osmotic pressure of one atmosphere, or when 
dissolved in one liter at 0°C., will have an osmotic pressure of 22.4 
atmospheres. One atmosphere of pressure equals 14.7 pounds per square 
inch. The atomic weight of sodium is Na 22.997, of chlorine Cl 35.457. 
0°c, is 273°A. °C,= (°F, - 32)/1.8. One mol of an ionogen gives one 
plus fraction ionized mols of discrete particles. 





Calculations :—fotlow lettered order of problem parts. 
Na 22.997 1.00 0.85 1.70 98.6°R, 
Cl 35.457 0.85 2 0.15 32.0°F, logl.8-0.25527 _ 37°C. 


58.454 0.15 1.70 1.85 66.6 10g37-1.56820 310°A. 


273:310::22.4:x x = 25.436 atmospheres, the pressure of a gas of 
constant volume at body temperature. 


Osmotic pressure equals the pressure of a gas of 
constant volume at body temperature times one plus 
the fraction of NaCl ionized times the grams of 
NaCl dissolved divided by the molecular weight of 


sodium chloride. 
Osmotic pressure = -22:436 x 1-85 x 8-5 2 6 g4e9 
58.454 atms. 


10g66.6-1.82347 273°A. 





1og22.4-1.35025 
10g310-2.49136 


3.84161 
10g273-2.43616 
logx-1.40545 
x = 25.436 
log25 2436-1.40545 


log1.85-0.26718 
log8.5-0.92942 


2.60205 
10g58.454-1.76681 


10g6.8429-0.83524 





1og6.8429-0,83524 
10g14.7-1.16732 


10g100.59-2.00256 
100.6 lbs. /sq.in. 


Answer 6.8429; 100.59 Operations 71 Mistakes 1 


Errors: Solution is in error insofer as actual gases or solutions 
deviate from the ideal gas laws upon which the solution of this 


Any addenda on other side. Problem is based. 








CERIC SULFATE 


Apropos of the recent contribution entitled ‘““A New Volumetric Oxidizing Agent,” by Philena Young 
[J. CHem. Epuc., 11, 466 (Aug., 1934)], our attention has been called to a sixty-page booklet entitled 
“Ceric Sulphate,” by G. Frederick Smith. This monograph is distributed gratis by the G. Frederick Smith 
Chemical Company of Columbus, Ohio, and is now in its second edition. 
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SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


Fabric cleaners and spot removers. C. S. KimBabtL. Chem. 
Industries, 35, 25-6 (July, 1934).—Stains are classified, as are 
cleansing agents, and the type of cleaner for each type of stain 


is indicated. The general properties (e. g., inflammability, 
volatility, and odor) of various solvents are summarized. No 
detailed directions for cleaning are given. O.R. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


Praise as an educational instrument. J. Apams. J. Educ., 
66, 505-7 (Aug., 1934).—Sir John Adams points out that the 
universal human love of praise, though often condemned, has 
not always been looked upon with disfavor. With frequent 
classical and literary allusions he draws a distinction between 
mere love of applause, per se, irrespective of its source and justice, 
and a proper feeling of satisfaction in having deserved praise. 
He suggests that, in the hands of the teacher, praise is a useful 
but dangerous drug—salutary when astutely applied to meet the 
needs of the individual case, but worthless or harmful when mis- 
handled. In his opinion praise should be employed with a dual 
end in view: first, to further the pupil’s day-to-day educational 
progress; second, and more important, to bring the pupil 


ADMINISTRATIVE PROBLEMS 


Science in the new secondary school. H.E. Brown. Teachers’ 
Coll. Record, 35, 694-707 (May, 1934).—After describing the 
critical state of secondary-school physical science and discussing 
probable causes for this, the author advances some pertinent 
arguments for the teaching of science as a separate body of 


gradually to the state where he works almost exclusively for self- 
approval rather than for external praise. 

‘Praise gives an excellent illustration of the working out of the 
educational process. At the beginning the educator is praiser-in- 
chief. As time goes on, the educand takes a hand, first by 
evaluating more or less deliberately the praise that his teacher 
gives or withholds, then proceeding to fall back more and more 
on his own inner court. But till he leaves school altogether he is 
never quite independent of his external expert in praise. All of 
which tends to emphasize the responsibility of that expert to be 
worthy of his name, and turn out an educand capable of manag- 
ing for himself i jin the not sufficiently realized difficulties of praise 
manipulation.” OoR: 


AND DEVICES; CURRICULA 


knowledge. The author sets up certain desirable and valid 
criteria for determining the content of a physical science course 
that shall be required of all students. The course, as outlined, 
would be organized around broad science themes. 

C. MP. 


EDUCATIONAL MEASUREMENTS AND DATA 


The chronological age of highly intelligent freshmen. H. 
Patterson. Peabody J. Educ., 12, 19-20 (July, 1934).—The 
Otis Self-Administering Tests of Mental Ability were given to 
1280 freshmen entering the School of Education, Oklahoma Agri- 
cultural and Mechanical College, during the years 1923 to 1933 


inclusive. The high-intelligence group, I. Q., 110-131, had 
an average I. Q. of 115.31 and an average chronological age of 
18.58 years; the average group, I. Q. ,100.06, age 18.98 years; 
the low group, I. Q. 85.04, age 19.57 years. The correlations 
(Pearson formula) between I. Q. and chronological age were not 
significant. O. R. 


THE PHILOSOPHY OF SCIENCE 


The supteme intellectual obligation. J. Dewey. Sci. 
Educ., 18, 1-4 (Feb., 1934) .—Science is more than_subject 
matter, more than nethod. It is a way of thinking. It is the 
supreme intellectual obligation of every scientist to work to 
attempt to get this way of thinking over into the everyday 


thinking of the masses. This obligation of instilling desirable 
attitudes and ways of thinking into the lives of others is more 
important than the imparting of information, however essential 
the latter may be. Our science teaching in the schools has been 
too largely focused on imparting information, almost to the utter 
neglect of this more important phase. C. M. P. 


PROFESSIONAL 


Types of useful organizations of science teachers. W. L. 
EIKENBERRY. Sct. Educ., 18, 5-9 (Feb., 1934)—The author 
describes new types of science organizations that would seem to 
be desirable, and enunciates the guiding principles under which 
they should be organized. . M. P. 

What about my job? asks John Jones, B.S. in Ch.E., 134, 
R.S. McBripe. Chem. & Met. Eng., 41, 344-5 (July, 1934).— 
Industry is no greater than the personnel ‘which runs it. <A pro- 
fession is no more valuable than the service of its members. 
This is true of chernical engineering as a profession and of the 
chemical engineering industry. The chemical engineer is an 
artisan who deals with raw materials, money, and men. Without 
success in personal relationships of all sorts he may be a failure 
despite great ability. The methods and thinking of modern 
industry should be brought into the classroom. This can best 


be done by professors who do active consulting work. It can 
also be accomplished by getting practicing engineers acquainted 
with undergraduates, who will cultivate their friendship, stimu- 
late and guide their thinking. 

There should be more emphasis on bringing desirable young 
men into every industrial organization that wants to grow. Far 
too few firms each year take on a substantial number of cadets. 
There are enough trained men now to fill the wider variety of 
plant positions. These young men will be an investment in en- 
larged opportunity for the enterprise. 

The stimulation of personnel development after employment 
should be definitely planned. In no other way does a man 
grow so rapidly as by professional association with contemporaries 
of his own type. Chemical engineers in all walks of life will do 
well to read the first annual report of the Engineers Council for 
Professional Development. J. W.H 


GENERAL 


The use of permanent paper in ery publishing. S. T. 
FARQUHAR. Science, 79, 522-3 (June 8, 1934).—Records printed 
on paper ordinarily used in periodicals will have disappeared or 
become unusable within fifty years. To avoid ‘this the Uni- 
versity of California Press prints twenty-five copies of its scien- 
tific works on a special permanent rag paper and dis- 
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tributes them to a selected list of institutions as depositories. 

After much study of the problem of securing a durable paper, 
the specifications adopted were those of paper used by the United 
States Government Printing Office in the purchase of paper for 


the Federal Government’s permanent printed records. 
G. H. W. 





RECENT BOOKS 


THE REACTION BETWEEN HyDROGEN AND OxyGEN. C. N. 
Hinshelwood, M.A., F.R.S., Fellow of Trinity College, Oxford, 
and Messel Research Fellow of the Royal Society, and A. T. 
Williams, M.A., Ph.D., International Research Fellow. The 
Oxford Press, 1934. viii + 108 pp. 7 Figs. 15 X 23 cm. 
$3.25. 

The study of scientific problems seems to progress through a 
series of alternatively simple and complex stages. As regards the 
mechanism of the combination of hydrogen and oxygen to form 
water, we are at present very much in the complex stage, al- 
though the elegant treatment given in the eight chapters of this 
book should go far to simplify the problem. It is exactly one 
hundred years since Faraday published his classical work on the 
combination of hydrogen and oxygen at a platinum surface, and 
very appropriately the detailed discussion of the various ways in 
which hydrogen and oxygen can combine opens with an account 
of the surface reaction. The kinetics are determined by the ex- 
tent of the adsorption of one or both of the reacting gases, and the 
reaction rate can therefore be related to the concentration of the 
reactants in many different ways, depending on their concentra- 
tion and on the temperature. 

The photochemical reaction is next discussed in considerable 
detail in connection with the various chain mechanisms that can 
be invented to explain the experimental results. It seems fairly 
well established now that the molecule HO; is an important inter- 
mediary in the oxidation of hydrogen, just as the molecule RO, 
(where R is an alkyl radical) is probably an intermediary in the 
photo-oxidation of many organic compounds. The formation of 
HO, is followed by the reaction HO, + H, > H,0O2 + H. The 
photochemical oxidation of hydrogen can therefore be repre- 
sented by reactions involving the formation of a hydrogen atom 
in the primary process or one immediately following it, which then 


combines with oxygen to give HO, and this molecule, in turn, 
reacts with hydrogen to produce hydrogen peroxide and regener- 
ate a hydrogen atom. This theory agrees with the experimental 
fact that hydrogen peroxide is substantially the only product of 
the photochemical oxidation of hydrogen. 

In the classical experiment of Alyea and Haber heated streams 
of hydrogen and oxygen are mixed and it is found that they ignite 


only in the presence of certain solid surfaces. This fact suggests 
the non-existence of a completely homogeneous thermal combina- 
tion of these two gases. The possible origins of the atom or frag- 
ment which initiates a chain are considered and the authors con- 
clude that the evidence favors the hypothesis that the chains 
originate at a wall surface. The final destruction of the frag- 
ments, which have been regenerated during each chain cycle, may 
be accomplished either by diffusion to the wall or by the collision 
of two fragments in the gas phase. 

The last chapter in the book, on the nature of the chain-propa- 
gating particles, will be of most interest to chemists. It is curious 
that, although the kinetics of the reaction have been worked out 
in great detail, there is still considerable doubt as to the nature of 
the chain process and the nature of the fragments that carry 
the chain; undoubtedly the study of the chemistry of these frag- 
ments should prove a fruitful field of investigation which should 
help in the work of unraveling the complex series of reactions 
that occur in many oxidation processes and probably also in 
many other types of reaction. The assumption of the primary for- 
mation of a hydrogen atom followed by the reactions H + O.: —> 
HO,; HO. + H, —» H.0 + OH is satisfactory for explaining 
many of the phenomena of the thermal reaction. To explain the 
branching of chains under certain conditions a further reaction 
must be superimposed on this scheme, such as HO. + H,. —~> 
20H + H, or the interaction of the chain particles which some- 
times may lead to two new particles instead of stopping the 
chains: HO, + H —»> H.0.—~> 20H; and there is also the pos- 
sibility that energy chains may play a part in bringing about 
branching (p. 98). 

A complete, unified, up-to-date treatment of all the phenomena 
occurring in the combination of hydrogen and oxygen is pre- 
sented in this book. After reading it one has the impression that 


the classical methods of kinetic investigation have almost but not 
quite completely solved the problem; it would seem that attack 
from some new angle, possibly through a study of the chemistry 
of the atoms and fragments generated in the chains, is necessary 
for a complete solution of the problem. This book should be 


studied by every student of the mechanism of chemical reactions. 
TuHE Jouns Hopkins UNIVERSITY F. O. Rice 
BALTIMORE, MARYLAND AD nee 


Das DISPENSATORIUM DES VALERIUS CorDUS. Verlag Arthur 
Nemayer, Mittenwald (Bayern), Germany, 1934. Published 
for the Gesellschaft fiir Geschichte der Pharmazie. Facsimile 
of the 1546 Nuremberg edition, with a foreword by Dr. Ludwig 
Winkler. 273pp. 7illustrations. 18.5 X 25cm. RM. 10 net. 
There are three works in pharmaceutical history which have at 

various times laid claim to being the ‘‘first pharmacopoeia,’’ using 

that term to describe a book which provides descriptions of drugs 
and formulas for medicines issued by some authoritative source. 

One of these is the Ricettario Fiorentino, which was issued in 
Florence in 1498; another is the Encheiridion Augustana, which 
was published in Augsburg in 1564, and the Dispensatorium of 
Valerius Cordus, which was authorized by the Senate of Nurem- 
berg and published in that city in 1546. 

Strangely enough none of these works was originally called a 
pharmacopeeia, although all received that apellation in later cen- 
turies. 

Of these three works by far the most important is the one which 
is here reproduced in facsimile for the benefit of those who are in- 
terested in medical, chemical, and pharmaceutical history, for it 
touches the history of all of these professions in an intimate 
manner. Its greater importance is due to the fact that it had a 
wider circulation than the two other works and therefore had a 
more far-reaching influence upon the history of medicine and 
pharmacy. It was also reprinted in Paris in 1548; in Lyons in 
1552; in Tiibigen in 1548; in Antwerp in 1561; in Venice in 
1556; and in Leiden in 1551; and was republished in numerous 
editions in many of these cities as well as in its home city of 
Nuremberg. 

Valerius Cordus will be remembered by chemists as the reputed 
discoverer of ether, a description of which, however, is not in- 
cluded in the first edition of his work. 

He was not so much an originator of formulas as a clever com- 
piler, and the history of how the Senate of Nuremberg came to 
adopt his collection of recipes is interestingly described in the 
preface to this work. He was not averse to giving credit to the 
originator of a given formula, and so we find a collection of emi- 
nent pharmaceutical and medical authorities from Andromachus, 
Democritos, and Galen of the Greek and Roman periods down 
through Avicenna, Mesue, Alkindus, and Nicholas of the Arabian 
period. It is interesting to find classed as Olea such dissimilar 
(from our present classification standpoint) substances as the 
following: Oleum ex Juniperit Baccis—Volatile Oil of Juniper 
Berries; Oleum Mandragorae—Mandragora and other narcotic 
drugs infused in olive oil; Oleum Tartari—a deliquesced salt of 
tartar or crude potassium carbonate; Oleum Amygdalarum Dul- 
cium—Expressed Oil of Almond; Petroleum Flavum—Light- 
colored petroleum oil. 

The work is, of course, in Latin, as were all of the early phar- 
macopoeias. 

The text consists mainly of formulas, the ingredients of which 
are vegetable drugs for the most part, and many of these are 
obsolete or no longer esteemed of value. 

There are few substances of inorganic origin mentioned. 
Litharge, pearls, coral, and borax are those of most importance 
which are named. 

One of the interesting features of this ancient pharmacopceia is 
an authoritative list of substitutes permitted in compounding the 
formulas, under the informative heading ‘‘Quid Pro Quo.” 

The work is one which should be in every medical, chemical, 
and pharmaceutical reference library. C. H. LAWALL 
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PIERRE EUGENE MARCELLIN BERTHELOT : 
(1827-1907) 


Founder of thermochemistry and the science of explosives, he synthesized 
acetylene and benzene from their elements, and alcohol from ethylene, studied 
the polyatomic alcohols and acids, the fixation of nitrogen, and the chemistry 
of agriculture. By the publication of translations of Arabic, Syriac, and 
Greek manuscripts on chemistry and alchemy, and by his discussion of them, 
he greatly increased our knowledge of early chemistry. He was a Senator 
of France, Minister of Public Instruction, and Minister of Foreign Affairs, 
and ts buried in the Pantheon at Paris. 

(Contributed by Tenney L. Davis) 
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EDITOR’S OUTLOOK 








TIAL TO LIFE THAN FOOD.” Few of us any 

longer entertain the ancient hypothesis that there 
is a fundamental antagonism between the flesh and the 
spirit and that mortification of the one necessarily 
glorifies the other. The analogous question of the 
respective merits of the theorist and the practical man 
is seldom discussed seriously today. Most of us, if 
cornered and forced to make so meaningless a choice, 
would paraphrase the catch-line of a certain Rabelai- 
sian story by casting our votes for a sound theo- 
retical man with just as much practical experience as 
possible. 

Yet this venerable philosophical ghost refuses to be 
laid permanently. It continually reappears in some 
slightly altered guise. One of the discussion sessions 
during the Cleveland program of the Division of Chemi- 
cal Education seemed in danger of developing into a 
debate on the relative importance to be attached to 
facts and principles in the training of chemists. 

It is, of course, conceivable that a considerable quan- 
tity of factual material may be drilled into students 
without much reference to principles. Even the 
staunchest advocate of adequate factual equipment 
for students, however, would probably admit that this 
is the hardest and least efficient way to go about im- 


R tartot THAT WATER IS MORE ESSEN- 





parting it. On the other hand, it is difficult to see how 
principles can be taught without reference to facts. 

If we interpret the term chemical principles in any- 
thing like its proper significance, principles must have 
their beginning and their ending in facts. To quote 
Ex-president Hoover, fact is the raw material of truth. 
What may be said of truth applies equally to principle 
in this connection. It is quite possible to train a stu- 
dent in the principles of a science without stuffing him 
with an encyclopedic assortment of detailed informa- 
tion, but it would be difficult or impossible to do so 
without giving him a fair acquaintance with funda- 
mental facts. The student who enters an advanced 
course in chemistry in ignorance of ‘‘the formula for 
copper sulfate’ may have been ‘‘taught’”’ the elemen- 
tary principles of chemistry, but one of yours will win 
a hundred of ours if he ever learned them. 

Let us cease to regard principles as having any in- 
dependent existence apart from facts. Our science 
must have its origin in facts, and when we seek to put 
it into application it must furnish facts, or at least 
probabilities of high degree, upon demand. Principles 
can no more dispense with facts than architecture can 
dispense with building materials. On the other hand, 
building materials achieve little utility until organized 
by the architect. 





CHEMICAL PROBLEMS 


in the FINE ARTS 


RUTHERFORD J. GETTENS 


Fogg Art Museum, Harvard University, Cambridge, Massachusetts 


T MAY seem strange to some that the field of the 

fine arts should offer chemical problems. Others, 

however, may have read Professor Fink’s recent 
address (6) on ‘‘Chemistry in Art” at the time he re- 
ceived the Perkin Medal for 1934. We shall try to 
avoid touching upon those particular problems which 
he has already so adequately discussed. That there 
should be a relationship between chemistry and fine 
arts can easily be realized when one stops and considers 
that the pictorial and plastic artist expresses himself in 
substances and materials which are made from chemi- 
cal elements. The artist selects his materials prima- 
rily for their physical properties, among which are color, 
texture, hardness, toughness, and working qualities. 
The more careful artist takes into account the chemical 
properties of his materials; that is, he considers their 
compatibility with other materials and their chemical 
stability to the agencies of time. Unfortunately, many 
artists have given little or no attention to the chemical 
properties of their working materials. In many cases, 


however, objects of art have suffered vicissitudes of 
time and environment which could not have been fore- 
seen by the artist. 

Applied chemistry should be as useful in attacking 
the technical problems of the fine arts as it has been in 
attacking the problems of the paper maker, the metal- 


lurgist, and the textile manufacturer. The point of 
view of applied chemistry is as important as the or- 
ganized knowledge it makes available. 

Chemistry has already made notable contributions 
to the materials of the pictorial artist. Contrary to 
popular impression, the artist today has at his command 
a much better palette than did his predecessor in the 
fourteenth and fifteenth centuries. The discovery of 
several new elements (cobalt, zinc, chromium, cad- 
mium, etc.) in the eighteenth and early nineteenth cen- 
turies led to the manufacture of stable and brilliant 
colors which have partially revolutionized the artist’s 
palette. New and better pigments can still be antici- 
pated. Dr. Herbert E. Ives (15) has described the 
specifications for a simplified palette requiring better 
pigments than any yet produced. As yet, chemistry 
has offered little in the way of improved media or ve- 
hicles, but in these days of synthetic protective coat- 
ings it can be predicted that something will turn up 
which will change fundamentally the painter’s technic. 

With but an elementary knowledge of chemistry, the 
modern artist would be much more critical in his se- 
lection of grounds, priming, vehicles, and pigments 
than he is today. Mr. Noél Heaton (13) has recently 


described artists’ materials from the point of view of 
permanence; he laments the passing of the old guild 
system for the training of artists in the proper use of 
materials. 

Turning now to the preservation of works of remote 
and near antiquity—and it is with these that this paper 
is chiefly concerned—we may point out first that chem- 
istry can be of service to the archeologist. The 
archzologist of the past (there are notable exceptions, 
however) has contented himself in the discovery of 
hidden and buried works of art and in their transpor- 
tation to museums for safe-keeping. In the majority 
of cases, he is saving these objects from complete de- 
struction. In other cases, he is only hastening the end. 
Many of the objects he finds, such as bronze, pottery, 
glass, frescoes, etc., have been preserved by the par- 
ticular environment in which they are found. Many 
objects have come to an equilibrium with that environ- 
ment. When they are removed to a new and unfavor- 
able environment in a foreign country they are often 
subjected to conditions which bring about their swift 
and sure destruction. The archeologist of today 
should equip himself with the knowledge and the ma- 
terials necessary to recognize and avoid such difficulties. 
It is nothing short of vandalism to take an expedition 
into the field without the proper equipment for the 
preservation and the safe transportation of the objects 
that are found. Several works (1) (18) (21) have been 
published recently on the preservation of archzological 
objects in museums, but little enough has been said 
about field methods. 

Of more immediate and general interest are those 
problems which face the curator and the restorer of 
works of art in museums and private collections. These 
problems have chiefly to do with all kinds of two-di- 
mensional works of art. Chemistry can be of service 
in these problems through the following lines of ap- 
proach: (a) in studying the destructive agencies which 
have brought about the deterioration of such works; 
(b) in studying the exact present condition to see what 
progress the destructive agencies have made; (c) in 
determining the particular materials that have been 
used in constructing a picture or other work of art with 
a view to selection of the materials most suitable for 
use in the process of restoration; (d) in deciding upon 
the particular environment in which a work of art 
should be kept to prevent further deterioration. 

The literature on the chemistry of art as applied to 
paintings is not very extensive, yet it may interest the 
layman to learn how much has been written about 
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particular phases of this study. We have considerable 
contemporary technical literature from classical times 
down to modern times, but a disct'ssion of these early 
sources of information is beyond the scope of the pres- 
ent paper. Sir Arthur Church (2) in the late nineteenth 
century gave us a now classic work on the chemistry 
of paints and painting. Professor A. P. Laurie of 
London has been studying the technical aspects of 
painting for over forty years and he has written several 
books (16) (17) and many papers dealing with paint- 
ers’ methods and materials and with the microchemi- 
cal examination of pictures. Considerable interest 
along these lines has centered in Munich where Dr. A. 
Eibner and Dr. H. Hetterich have been investigating 
the pigments and media of old pictures. Dr. A. M. 
de Wild has published his work (3) on the application 
of microchemistry to the scientific examination of 
paintings. Periodicals devoted to the technical phases 
of art are not numerous. Technical Studies in the Field 
of the Fine Arts, a quarterly journal published for the 
Fogg Art Museum, attempts to cover recent develop- 
ments in the field by means of articles, notes, book re- 
views, and abstracts. Mouseion, published by the 
International Museums Office in Paris, has scientific 
articles on museology in general. 

Our primary interest at present is in the study of 
paintings and in the problems that face the picture 
restorer. One of the phases of this study is the devel- 
opment of a technic for examining pictures to ascer- 
tain their present condition. If the preliminary exami- 
nation shows that the condition is bad, further obser- 
vations and study are made so that the proper remedy 
may be found. We believe each work of art that 
comes into the hands of the restorer should be treated 
as a clinical case—as a patient in a hospital. Detailed 
observations should be made, accurate and permanent 
records kept, and subsequent restoration should be 
based on the peculiar conditions at hand rather than 
upon a general routine. 


MICROCHEMICAL ANALYSIS 


Microchemical analysis has its place, along with 
radiography, ultra-violet examination, and detailed 
optical study, in the scientific study of works of art. 
It is often a necessary supplement to those other types 
of examination in getting information concerning the 
state of preservation, technical construction, origin, 
and authenticity of such works. Microchemical analy- 
sis can frequently answer specific questions as to 
pigments, mediums, primings, grounds, and under- 
layers of paint film. Visual and ultra-violet examination 
stop short at the surface. The Réntgen rays are so 
penetrating that they reveal gross structure rather 
than minute detail. With the microscope and micro- 
chemical analyses one is able to peer beneath the sur- 
face and examine the interior. Since the microchemi- 
cal examination of works of art is a comparatively new 
science, we may stop to consider some of the details 
of this interesting approach as applied to the study of 
pictures. 
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Getting a fair sample for analysis is one of the most 
difficult parts of the work. Of course, the analyst is 
limited to the taking of a very small—that is, a micro- 
scopic—sample. He must be sure that he does not mar 
the picture in any way. If one is only interested in the 
media or varnishes used, one can usually get a fair 
sample from the edge of a picture, which part is gen- 
erally covered by the frame. However, if the analyst 
is interested in the pigments, he has very often to take 
his sample from the middle of the picture. If this is 
the case, he tries to take the sample from along some 
crack or blemish or other inconspicuous place where it 
will not be noticed. Sampling can be done with a 
small needle or harpoon. This operation can be 
carried out under a binocular microscope so that the 
operator can see at all times just what he is doing. 
Prof. Laurie (16) mentions the use of a small hypoder- 
mic needle which is cut off and sharpened and used 
like a miniature cork borer. We have been working 
on the development of a special instrument for this 
purpose (7). This instrument carries a cut-off hypo- 
dermic needle rigidly mounted in a manipulator in 
front of a binocular microscope in such a way that the 
point of the needle can be turned and thrust into the 
paint film directly in the field of view. The sample is 
ejected by a plunger and is caught by a glass slide, 
which can be brought by means of a small gear device 
directly under the point of the needle. The sampling 
is usually done in a special examining room in the 
museum and the sample is then carried to the chemical 
laboratory in a smaall cupped slide. 

In the laboratory, the sample is examined with the 
aid of the chemical microscope. An equipment for 
the microchemical examination of pictures has already 
been described (11). If it is felt that there is no particu- 
lar interest in the structure of the paint film the speci- 
men may be examined on a glass slide directly, without 
mounting it. This is done with low-power magnifica- 
tion. First, behavior of the specimen to organic sol- 
vents is noted. To free the pigment from the medium, 
the sample is next dissolved in a 5 per cent. caustic soda 
solution. This reagent is particularly effective in dis- 
integrating old linseed oil. When freed from the me- 
dium, the pigment particles may be examined for their 
optical properties, such as refractive index, color, bire- 
fringence, etc. Particle size and shape are carefully 
noted. Very often pigments may be identified by 
their optical properties alone. This is done whenever 
possible since the sample is not destroyed and hence 
only very small samples are required. If the optical 
properties alone do not permit identification, recourse 
to chemical tests is necessary. The pigment particles 
may be dissolved and the constituents tested by various 
chemical reagents. All these tests can be carried out 
under a microscope. The identification of some pig- 
ments is comparatively simple. When there are com- 
plex mixtures it is sometimes very difficult and requires 
considerable time and patience. 

When the medium is soluble in organic solvents, it 
is sometimes possible to effect the separation of pigment 
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from the medium by means of a micro-extraction appara- 
tus designed for the purpose (10). In this apparatus 
the tiny sample is held in a small platinum filter cone 
and subjected to the percolating action of hot organic 
vapors arising from a reservoir below and condensed in 
a cooling chamber above. 

Even more difficult than the identification of pig- 
ments is the identification of media and varnishes. 
This is just as important as, if not more important than, 
the identification of pigments, for these reasons. In 
the first place, the various technics employed down 
through the centuries differed in respect to the media 
used and not in respect to the pigments. It is really 
the medium that determines the technic of painting. 
A limited number of media have been used in the past. 
Beeswax was used in classical times; it can still be 
identified on certain ancient paintings found in Egypt. 
Egg yolk and egg white were the media used by the 
early Italian masters. Linseed oil did not come into 
general use for panel painting until the fifteenth cen- 
tury. Mixed technic employing underpainting in egg 
tempera and overpainting in oil were known. Some 
emulsions were used. Casein, glue, gums, and resins 
have all had their use in the construction of pictures. 

Secondly, the restorer is a great deal more con- 
cerned with the medium used than he is with the pig- 
ments, because it is much more liable to be the failure 
of the medium and the varnish than the failure of the 
pigment that has led to the deterioration of a picture. 

It is more difficult, as we have said, to identify the 
medium used. The media are not so diverse as the 
pigments, but they are much more complex in them- 
selves.. They are all organic substances. There are 
no outstanding color reactions for any of them. There 
are, to be sure, some color tests for the proteins as a 
class, and for the resins, but these are of limited service 
on a microscopic scale since they lack intensity. Ni- 
trogen, common to all proteins, can be identified in 
very small amounts. The microchemical identifica- 
tion of phosphorus, in a similar way, helps to estab- 
lish the presence of egg yolk and casein. Tannic acid 
is fairly specific for animal glue, and precipitation with 
alcohol for gum arabic in aqueous solution. Preferen- 
tial staining with organic dyes promises to be of as- 
sistance in differentiating proteins and drying oils. 
It is only recently that attention has been directed to 
the importance of the identification of media in old 
paintings. Dr. Eibner (4) and Dr. Hetterich (14) 
have recently outlined the present status of this par- 
ticular phase of picture study. 

Occasionally, it is desirable to study the structure of 
the paint film itself. The paint film, from the ground 
up to and including the varnish, usually consists of 
different layers. We often desire to know just what 
these layers are, and the relationships between them. 
A technic for finding out has been developed. A very 
small chip of the paint film, barely visible to the naked 
eye, is embedded between two small blocks of paraffin. 
The block of paraffin is mounted in a microtome and a 
section is cut with a razor through the paint films at 


FicurE 1.—A PHOTOMICROGRAPH (100) 
OF A CROSS-SECTION OF A CHIP OF PAINT 
FILM FROM AN OLD ITALIAN PAINTING 
SHows How THE DIFFERENT LAYERS ARE 
Burtt Up 


(a) Is a semi-transparent red (madder 
lake) layer; (6) isa white (lead white) pig- 
mented layer; (c) is a thick priming layer; 
and (d) is the gesso ground. 


right angles to their flat sides. This gives a plane 
surface which may be viewed by reflected light. By 
this means very interesting facts concerning the method 
and materials used in painting the picture are dis- 
closed. One has also an excellent opportunity to get 
permanent records in the form of photomicrographs. 

The question naturally follows here: Of what value 
is the information that is obtained in microchemical 
examination? In the first place, as has been stressed 
above, the facts obtained are of immediate concern 
to the restorer. A knowledge of the media enables 
him to clean the picture more intelligently and a knowl- 
edge of the pigments enables him to use, in retouching, 
pigments that were used by the artist and thus avoid 
changes in values which frequently develop with fur- 
ther aging of the restored areas. In time, the micro- 
chemical examination of many pictures should con- 
tribute much to the history of the technic of painting. 
Little enough is known at present as to just how the 
artists of different periods painted certain types of pic- 
tures. Microchemical examination promises to be 
one of the most searching tools for prying into methods 
of technic. Furthermore, microghemical examination 
very often throws light upon the authenticity of pic- 
tures. We believe, however, that attempts to deter- 
mine the authenticity of objects of art by microchemi- 
cal examination alone is a very hazardous undertaking. 
Such examination, in certain instances, has contributed 
important facts and furnished certain evidence which 
has been of aid to the art critic. Occasionally, fakes 
can be detected through the presence of a pigment be- 
cause it is definitely known that such pigment was not 
used in the period that the fake is supposed to repre- 
sent. Modern copies—unless the copyist is very clever 
—can sometimes be spotted by this means. 


PRESERVATION AND RESTORATION OF PAINTINGS 


The preservation and restoration of paintings con- 
stitute a field which offers many problems for attack 
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from the chemical point of view. Only a few of these 
problems are purely chemical, but the equipment and 
methods of a chemical laboratory are very useful in 
prosecuting their study. 

We have, first, the varnish and protective coating 
problem. For centuries it has been the custom of 
painters and restorers to cover paintings with some 
clear varnish. This is done to give them a finish and 
to protect the painted surfaces from moisture, corrosive 
gases of the atmosphere, and dust. There is little 
doubt that in many cases certain varnishes that have 
been used on pictures have done more harm than good. 
The dark-brown, muddy tone of many old pictures is 
usually nothing more than dirty and discolored varnish 
on the surface. Many varnishes become yellow with 
age. Many have a different coefficient of thermal ex- 
pansion and a different shrinkage rate from that of the 
paint film below. This is the most probable cause of 
much of the disfiguring crackle on pictures. 

There is no question, however, that there is a need 
for some protective coating which can be applied to the 
surfaces of pictures to protect the paint film from dust, 
the actinic rays of the sun, water vapor, and such corro- 
sive gases of the atmosphere as hydrogen sulfide and sul- 
fur dioxide. At the International Conference for the 
Study of Scientific Methods for the Examination and 
Preservation of Works of Art, held in Rome in October, 
1930, it was commonly agreed that the greatest prob- 
lem in restoration today is that dealing with protec- 
tive coatings. A Committee on the Restoration of 
Paintings and the Use of Varnish was appointed. This 
committee drew up a set of specifications for the ideal 
varnish. These specifications are: (1) it should pro- 
tect the picture from atmospheric impurities; (2) its 
cohesion and elasticity should be such as to allow for 
all ordinary changes in atmospheric conditions and 
temperature; (3) the elasticity of the paint film and 
tissues under the varnish should be preserved; (4) it 
should be transparent and colorless; (5) it should be 
capable of being applied thinly; (6) it should not 
bloom; (7) it should be easily removable; and (8) it 
should not be glossy. It is further added: ‘‘Concern- 
ing the question of the best protective coating for a 
picture the Committee cannot recommend, at present, 
one that fulfils all the qualities specified.” 

To find a varnish that will come up to all these speci- 
fications is a pretty large order. To our knowledge, 
the industrial laboratories have not been called upon 
to make a film-forming material that will meet such 
specifications. There are possibly many film-forming 
materials, both natural and artificial, which have never 
been seriously studied by the industrial laboratories 
interested in protective coatings for the reasons that 
they are available only in small quantities and have a 
restricted use or because they cannot be developed 
economically for commercial purposes. Such materials 
will have to be developed or investigated in academic 
laboratories. The cost of restorative materials is of 
small importance as compared with the value of some 
works of art—or even the labor spent in preserving 
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them. We are attempting to make some contribu- 
tions to this problem. Quite a large number of ma- 
terials have been used for protective coatings. Spirit 
varnishes, made by dissolving natural resins, such as 
mastic, dammar, sandarac, and some copals, in tur- 
pentine or other organic solvents have been used from 
the time of the old masters to the present. Linseed 
oil, balsams, and waxes have enjoyed a minor use. 
More recently, the colorless synthetic resins have been 
suggested and they show some possibilities. 

A question is frequently asked when a particular 
protective coating is considered: How permeable is 
such a film to the moisture of the atmosphere? We 
have conducted a series of experiments which have 
thrown some light on this particular question. To 
study this problem, it was necessary to prepare thin 
films of equal thickness from a large variety of spirit 
varnishes, oil varnishes, and lacquers. This was done 
by dipping a thin, transparent paper made from hy- 
drated spruce pulp into a solution of the varnish or 
lacquer. After draining and drying, a small disc of 
the film was cut, having a thickness of about 0.002 
inch, measured by a dial gage. This film was clamped 
over the mouth of a bottle between two flat metal discs 
having an orifice 30 mm. in diameter. The bottle, 
holding about 10 cc. of water, was placed in a dry 
chamber held at about 5 per cent. relative humidity and 
at a constant temperature of 32°C. The bottles were 
weighed each day and the loss in weight of water for 
each 24 hours was taken as indicating the permeability 
of the film. These measurements show that the natu- 
ral resins as a class are about 10 times as permeable to 
moisture as the waxes, like beeswax, and that the dry- 
ing oils and synthetic resins are about 100 times as 
permeable as beeswax (9). 

At the present time, a test chamber with which we 
hope to get some information on the durability of pro- 
tective coatings and the relationship between protec- 
tive coatings and paint films isin use. In this insulated 
test chamber is a metal drum which holds a number 
of test panels; these panels can be subjected to a cycle 
of periods of high and low humidity and high and low 
temperature. The procedure is much like that used 
in the accelerated testing of commercial paints, ex- 
cept that the factors are not quite so intense, but they 
cover a longer period of time. 

One serious difficulty encountered in connection with 
old pictures painted on canvas is that the canvas be- 
comes brittle and unsafe for supporting the paint film. 
A picture in such condition must be lined. This op- 
eration consists in simply joining a new canvas to the 
back of the old one by means of a lining adhesive. Here 
the question of the choice of adhesive arises. Different 
restorers use different adhesives. Some are of doubt- 
ful value. Some restorers use glue, others waxes, and 
still others mixtures of various kinds. 

In order to settle in our own minds the proper choice 
of lining adhesive we set under way some time ago a 
series of experiments (25), the purpose of which was to 
test these adhesives. We took pieces of old canvas and 
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FIGURE 2.—THE ILLUSTRATION (a) IS A CHINESE PAINTING DoNE ON A MupD WALL 


Before transfer it was very fragile and would not support its own weight; (b) shows the painting after the paint film and 
priming were transferred to an asbestos-cement board and cleaned. 


joined them with new canvas at the back, using a va- 
riety of the commonly employed lining adhesives. These 
lined canvases were placed in a closed chamber where 
the atmosphere was saturated with water vapor at 
room temperature. After some weeks they were taken 
out. Some had mildewed badly. Some showed cleav- 
age planes in the lining adhesive. The tests showed 
quite convincingly that adhesives of the wax and wax- 
resin type are better than others. Of course these 
specimens were subjected to exaggerated conditions. 
However, the test does furnish us with some definite 
information on the question. More work must be 
done to settle this problem. These tests may not tell 
us what lining adhesive is best for all conditions. They 
may tell us only where the best compromise lies. 
Directly connected with the question of lining ad- 
hesives is the brittle and hardened nature of old paint 
films. Before lining a painting having a cupped, 
cracked, and brittle surface, it is frequently necessary 
to soften the paint film so that it will not crack further 
under the pressure required in joining the old and the 
new canvases. At the present time, linseed oil and 
various mixtures containing such softeners as glycerin, 
sugar sirups, and essential oils are used. All of these 
have their shortcomings. It is going to be a real prob- 
lem, one requiring a study into the fundamental na- 
ture of old paint film, to find a softener which is satis- 
factory from all points of view. Although the choice 


of a softener rests chiefly upon its physical properties 
and its mechanical practicability, considerations as to 
chemical stability and compatibility with the sub- 
stances of the old paint film cannot be ignored. 

Still another problem facing the restorer is the choice 
of solvents for the removal of old and discolored var- 
nish films from the surfaces of pictures without harm- 
ing the details of the painted surface and with no harm 
to delicate glazings that may be present. In other 
words, the “‘skinning”’ of the picture must be avoided. 
Some old varnish films are very refractory, while others 
can be removed without difficulty by the selective ac- 
tion of organic solvents. A study of the use of solvents 
as related to problems in cleaning and restoration is 
planned. 

Frequently, it becomes necessary to transfer an old 
paint film from the ground upon which it has been 
painted to a new ground because of the complete dis- 
integration and decay of the old ground. The prob- 
lems in such work are largely mechanical. There is, 
however, one type of transfer which has drawn our 
particular attention and that is the transfer of Oriental 
wall paintings (24). These wall paintings, many of 
which are several centuries old, are usually painted on 
a dried clay ground. As this ground offers such a weak 
support, it is often necessary to transfer the paint film, 
and that alone, to canvas or other ground. Here it 
was necessary to find a satisfactory fixative which 
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would bind the particles of the friable surface together 
and in reality make a new paint film of it. After some 
experimental work, we chose for this purpose one of 
the new synthetic resins, a polymerized vinyl ester. 
This resin is a satisfactory fixative, it does not discolor, 
and, best of all, if used in moderate amounts, it does 
not greatly change the character of the surface. After 
the surface is sprayed with the vinyl ester dissolved in 
a suitable solvent mixture, a cloth and paper facing is 
fixed to the surface with glue or other water-soluble 
adhesive. With 
the surface now 
protected at the 
front, the piece 
is turned over 
and the clay is 
removed from 
the back, great 
care being taken 
when the paint 
film is reached. 
When the back 
has been made 
properly smooth, 
it is joined with 
the aid of a press 
to the canvas or 
other ground 
with more of the 
vinyl ester. Af- 
ter drying, the 
facing is removed 
with water, the 
surface cleaned, 
and holes and 
fissures filled 
with a clay lut- 
ing. The can- 
vas-supported 
pieces are now 
joined and fas- 
tened to a large 
reénforced wood- 
fiber backing. 
The problem 
of the relationship of the relative humidity of the at- 
mosphere to the preservation of works of art is of 
growing importance. Objects of art or of archzo- 
logical interest, if they have long been buried in 
the ground, frequently contain hygroscopic salts 
which are innocuous as long as the objects are dry, but 
highly destructive when they become exposed to a 
humid atmosphere. Objects of iron corroded by sa- 
line soils disintegrate rapidly because of the hygro- 
scopicity of ferric chloride. Objects of stone behave 
similarly because of hygroscopic sodium, calcium, and 
magnesium salts. Bronzes suffer because of the in- 
stability of cuprous chloride. On the other hand, or- 
ganic materials are subject to too great desiccation 
in steam-heated buildings. Pictures brought from 
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FIGURE 3.—PHOTOMICROGRAPHS (37!/,X) OF A THIN SECTION OF THE SPIKE OF 
AN ANCIENT COPPER NAIL FROM NUZI IN [RAK 


(a) By transmitted illumination, and (b) by oblique illumination showing different 
(1) the metallic copper core, (2) cuprous chloride, (2a) silver 
chloride, (2b) impure cuprous chloride, (2c) silver chloride, (2d) limonite, (2e) pure 
cuprous chloride, (3) cuprous oxide, and (4) basic cupric chloride. 
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Europe start to blister after they reach this country 
because of the greater extremes of humidity prevalent 
here. In many museums a lively interest is being taken 
in this important question. The artificial regulation 
of the humidity in museums appears to be the only 
answer. Eventually museums will adapt the humidity 
of various rooms or even exhibition cases to the specific 
objects they house. Mr. G. A. Rosenberg (23) and 
Mr. J. Macintyre (19) have both written recently con- 
cerning the importance of control of humidity in the 
preservation of 
antiquities. 
Directly re- 
lated tothis same 
problem is that 
of mildew and 
fungus action. 
Several instances 
of the destruc- 
tive action of 
mildew on paint- 
ings have re- 
cently come to 
our attention. 
Mildew will at- 
tack pastels, 
paintings on silk, 
water colors, and 
even oil paint- 
ings, if they are 
stored in damp 
places during the 
summer. Anin- 
teresting prob- 
lem of this kind 
arose in connec- 
tion with the 
Panama Canal 
murals at Balboa 
Heights, Canal 
Zone (26). Ac- 
cording to the 
latest informa- 
tion a completely 
satisfactory solu- 
tion has not yet been found. The difficulty lies in find- 
ing an inert, non-volatile substance which will not affect 
the pigments nor the media of the painting and yet will 
last as long as the painting itself. The volatile organic 
fungicides will not serve here since they are lost in a com- 
paratively short time after they are spread out on fully 
exposed surfaces. Mercuric chloride has been used with 
some success in permanently preventing mildew. The 
organic mercurials and thallium salts appear to be even 
more promising. The problem is to get artists and 
color makers interested in these compounds. Rarely 
does the artist anticipate the danger from mildew. 
Another and a very difficult problem is the restoration 
of works of art already affected by mildew. This 
problem is engaging our interest at the present time. 





NoveEMBER, 1934 


FicurE 4.—A Po.isHEeD SecTION(10X) oF A FRAGMENT OF A COPPER NAIL FROM 
Nuzi SHOWS THE FORMATION OF EFFLORESCENT SALTS AFTER Six Montus’ Ex- 


POSURE TO THE AIR 


The inserted detail (50 X) indicates how the efflorescence follows a band of cuprous 
chloride bordered on each side by basic cupric chloride. 


BRONZE AND OTHER METAL OBJECTS 


It is well known that bronze and other metal objects 
offer numerous problems. Many of these objects have 
suffered burial for centuries. During this long inter- 
ment the metal constituents of the alloys have reacted 
with the dissolved gases and salts in earth waters to 
form surface incrustations of mixed mineral products. 
Bronze objects frequently acquire a thin, smooth, blue 
surface layer or “patina’’ which is much admired by 
collectors. This patina is composed of the basic car- 
bonates (malachite and azurite). Far Eastern and 
Roman bronzes are noted for their fine patina. It 
happens frequently, however, that the carbonate de- 
posits are not thin and smooth, but occur in thick, 
rounded masses or “boils” scattered irregularly over 
the surface. Underlying these boils are usually found 
deposits of red cuprous oxide (cuprite). The boils are 
perhaps formed through local electrolytic action about 
impurities in the metal. Such deposits cover the de- 
tails and disfigure a bronze, often distorting the ob- 
ject beyond recognition. Bronzes disfigured in this 
way are difficult to restore. 

Another type of patina which presents trouble is that 
caused by the formation of the basic chloride (ataca- 
mite) and the basic sulfate (brochantite) of copper, 
chiefly the former. Bronzes bearing such patina have 
usually been found in the saline soils of desert regions. 
Those from Egypt and Mesopotamia are particularly 
likely to have this type of patina. It is rarely thin 
and smooth but usually rough, scaly, and fissured. 
Many times it has a sugary appearance. Microscopic 
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examination shows many small, tri- 
angular-faced crystals. Bronzes 
that have acquired this kind of pa- 
tina may become infected with the 
so-called ‘‘bronze disease.”’ As long 
as they remain in an arid climate, 
no change in the character of the 
patina is observed. However, when 
brought to museums in this country 
and in Europe they may from time 
to time break out with bright green 
patches. After some time granules 
of the bright green material collect 
about the base of the object. The 
object may eventually disintegrate 
completely. Mr. Rosenberg (22) 
has shown that this phenomenon is 
caused by the presence of cuprous 
chloride beneath the outer layers of 
cuprous oxide and basic chloride. 
Cuprous chloride is unstable in hu- 
mid atmospheres and oxidizes to 
the basic cupric chloride. In the 
soil a fairly compact layer of the 
basic cupric chloride is formed. In 
the open, however, it changes to a 
loose, powdery material which falls 
away from the object. Mr. Rosen- 
berg, in a recent article (23), has 
established the fact that cuprous chloride is stable un- 
til a relative humidity of 71 per cent. at room tempera- 
ture is reached. When this critical humidity is ex- 
ceeded, and this often happens in the summer months, 
even in museum galleries, the aqueous tension of the 
atmosphere exceeds that of cuprous chloride and the 
salt begins to absorb water and deliquesce. Oxidation 
of the basic cupric salt can occur at this point. After 











FIGURE 5.—Two GoLp AND SILVER INLAID BRONZE ANI- 


MAL FIGURES OF EARLY CHINESE ORIGIN PRESENTED AN 
INTERESTING PROBLEM IN RESTORATION 


The object on the right shows the inlay partially covered 





with an incrustation of copper salts. The one on the left 
shows the incrustation removed by electrolytic and mechani- 
cal methods. 

(Reproduced through the courtesy of the William Rockhill 
Nelson Gallery of Art, Kansas City, Missouri.) 
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Ficure 6.—HEAD OF AN ANCIENT CHINESE BRONZE Horse, 
PERHAPS OF THE HAN PERIOD (206 B.c.-220 A.D.) 


Shows how the surface of the metal becomes roughened and 
pitted through corrosion. 


the steam heat is turned on in the building in the early 
fall the salt hydrate begins to lose its water, recrystal- 
lize, and effloresce, and the resulting increase in volume 
causes the detachment of particles at the surface. 
Bronzes infected with the corrosive type of patina may 
escape recurrence of the disease for years and then sud- 
denly break out withit. This may result from a particu- 
larly protracted spell of humid weather or it may re- 
sult from a change in the storage place of the object as, 
for instance, to the basement of the building. Storage 
in a perfectly dry environment is essential to the pres- 
ervation of such objects. 

Some time ago it was our good fortune to come into 
the possession of some small bronze and copper objects 
dating about 1500 B.c. brought from Nuzi in Irak by 
the Harvard-Bagdad School Expedition. These ob- 
jects were covered with a thick, fissured incrustation 
of basic cupric chloride and they presented an excellent 
opportunity for the study of this particular type of 
corrosion. Fortunately, a considerable number of 
these objects, particularly copper stud nails, were 
found, and since they were of archzological interest 
only, they could be sacrificed for study. Cross-sec- 
tions were cut from the nails, some of which were 
mounted in bakelite blocks and given a very high 
polish. A thin mineral section was also prepared. 
These sections showed that there are four distinct zones 
including the copper core itself. Just outside the cop- 
per is a zone consisting largely of cuprous chloride (nan- 
tokite). The cuprous chloride zone when freshly cut 
is white, translucent, and somewhat waxy in appear- 
ance. Mr. Rosenberg appropriately describes it as 
matiere stéarineuse. The cuprous chloride zone is 
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banded with thin layers of silver chloride (cerargyrite) 
and hydrated ferric oxide (limonite). Beyond this is 
a zone of cuprous oxide (cuprite) and on the exterior 
is a thick banded zone of the basic cupric chloride (ataca- 
mite). In the course of the microscopic study of 
these sections, they were allowed to lie undisturbed in 
the laboratory during the humid summer months. In 
the fall, when the problem was taken up once more, it 
was observed that a green efflorescence had appeared 
on certain areas of the polished surface. Closer exami- 
nation showed that bright green was confined to the 
cuprous chloride zone. Figure 4 shows how the bright 
green follows a channel of this zone in the cuprite layer. 
This investigation has been reported in much greater 
detail elsewhere (8). Further detailed study of this 
kind is needed to clear up many still unanswered ques- 
tions concerning ancient bronzes. 

Ancient Eastern bronze mirrors are particularly in- 
teresting. It has been observed recently (12) that some 
early mirrors still have a fairly thin, lustrous, metallic 
surface layer, but that underneath this layer is a con- 
tinuous layer of corrosion product. The question is: 
Why does the surface appear to be so passive to corro- 
sion whereas the interior is not so resistant? It is an 
interesting problem from the point of view of the cor- 
rosion of metals. An investigation of this peculiar 
phenomenon is being made. 

Ancient bronzes which have become disfigured and 
covered with thick incrustations of mineral products 
offer interesting problems in restoration. The electro- 
lytic process, as improved and described by Fink and 
Eldridge (5), needs no further elaboration here. H. 
Nichols (20), of the Field Museum in Chicago, has de- 
scribed its application to the restoration of many 
archeological bronzes. This method is probably the 
best means of getting rid of the deep-seated cuprous 
chloride. Others favor the displacement of the copper 
salts with zinc, aluminum, or some such active metal. 
Still others favor treatment with Rochelle salts or so- 
dium sesqui-carbonate to dissolve away the copper 
incrustations without affecting the cuprous oxide 
layers. Treatment with acids is generally denounced 
since they are non-selective in their action upon the 
various layers at the surface and are likely to efface 
delicate details in the design. All of these methods 
have a disadvantage in that they usually destroy the 
green patina and leave in its place a muddy, red-brown 
color. This makes little difference with objects which 
are mainly of archzological interest and where form 
rather than artistic merit is valued. However, the 
problem frequently arises of restoring a bronze when a 
large part of the surface is covered with an artistic or 
“noble” patina, but where small areas are covered with 
massive concretions of malachite, etc. In these cases 
one does not care to sacrifice the smooth patina in any 
reduction process to get rid of the blemishes. We have 
had considerable success in treating a few such bronzes 
mechanically by removing the bosses with a rotating 
abrasive tool on a flexible arm such as is used by den- 
tists. In other cases where the incrustations are thin 
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and the metallic surface is not deeply pitted, the de- 
posits can be removed by heating small, local areas 
with a pencil blow-pipe flame which loosens the coating 
so that it may be flaked off with a dentist’s chisel. 
There is no general formula that can be given for the 
restoration of bronzes. Each bronze presents its own 
individual problem and must be treated accordingly. 
These are only a few of the interesting phases of the 
work that might be considered. Problems concerning 
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the preservation of prints, stoneware, glass, textiles, 
marbles, stucco, and many other materials are con- 
stantly presenting themselves. The investigation of 
these problems may take many years. In the mean- 
time, it is the responsibility of museum curators and 
owners of works of art to provide ways and means for 
attack upon all these problems. And it is the re- 
sponsibility of the investigator to give his best, in energy 
and time, to the work with which he is charged. 


BIBLIOGRAPHY 


(1) ANonymMous, “The cleaning and restoration of museum 
— Third Report, H. M. Stationery Office, London, 

(2) Cuurcu, A. H., ‘The chemistry of paints and painting,” 
Seeley & Co., London, 1890. 

(8) De Wixp, A. M., “The scientific examination of pictures,”’ 
G. Bell & Sons, London, 1929. 

(4) Erpner, A., “L’examen microchimique des agglutinants,”’ 
Mouseion, 20, 5-22 (1932). ; 

(5) Fink, C. G. anp Extpripce, C. H., “The restoration of 
ancient bronzes and other alloys,’’ First Report, Metro- 
politan Museum, New York City, 1925. 

(6) Fring, C. G., “Chemistry and art,” Ind. Eng. Chem., 26, 
234-8 (Feb., 1934). 

(7) Getrens, R. J., “A microsectioner for paint films,” Tech- 


nical Studies in the Field of the Fine Arts, 1, 20-8 (July, | 


1932). b 
(8) GETTENS, R. J., “Mineralization, electrolytic treatment, and 
radiographic examination of copper and bronze objects 
from Nuzi,’”’ zbid., 1, 118-42 (Jan., 1933). 
(9) GeTTens, R. J. AND BIGELow, E., ‘“The moisture permea- 
bility of protective coatings,’’ zbzd., 2, 15-25 (July, 1933). 
(10) GetTens, R. J., “‘A microéxtraction apparatus for use with 
small particles of paint film,” zbid., 2, 107-10 (Oct., 


1933). 

(11) Getrens, R. J., ‘An equipment for the microchemical 
examination of pictures and other works of art.” ¢4id., 2, 
185-202 (Apr., 1934). 

(12) Gerrens, R. J., “Some observations concerning the lus- 
trous surface on certain ancient Eastern bronze mirrors,” 
ibid., 3, 29-37 (July, 1934). 

(18) Hgaton, Noii, ‘The permanence of artists’ materials,” 
J. Roy. Soc. Aris, 53, 411-35 (Mar. 11, 1932). 


(14) Hetrericu, H., “Uber mikrochemische Bilderuntersuch- 
ung,’ Mtkrochemie, 10, 27-44 (1932). 

(15) Ives, H. E., ‘““‘Thomas Young and the simplification of the 
artist’s palette,” Proc. Phys. Soc., 46, Part I, 16-34 
(1934). 

(16) Laurtr, A. P., “The pigments and mediums of the old 
masters,’’ Macmillan Co., New York City, 1914. 

(17) Laurie, A. P., “The painter’s methods and materials,” 
J. B. Lippincott Co., Philadelphia, 1926. 

(18) Lucas, A., “Antiques, their restoration and preservation,” 
Ed. Arnold & Co., London, 1932. 

(19) Macintyre, J., ‘Air-conditioning for Mantegna’s cartoons 
at Hampton Court Palace,’ Technical Studies in the 
Fine Arts, 2, 171-84 (Apr., 1934). 

(20) Nicuots, H. W., “Restoration of ancient bronzes and cure 
of malignant patina,’ Museum Technique Series, 3 (1930), 
Field Museum of Natural History, Chicago. 

(21) RaTHGEN, F., ‘“‘Die Konservierung von Altertumsfunden,” 
Walter de Gruyter & Co., Berlin, 1926. 

(22) RosENBERG, G. A., “Antiquités en fer et en bronze,” 
Glydendalske Boghandels Sortiment, Copenhagen, 1917. 

(23) RosenBEeRG, G. A., “Antiquities and humidity,” The 
Museums Journal (London), 33, 307-14 (Dec., 1933). 

(24) Srout, G. L. anp GETTENs, R. J., ““Transport des fresques 
orientales sur de noveaux supports,” Mouseion, 17-18, 
107-12 (Jan.-Apr., 1932). 

(25) Strout, G. L. AND GETTENS, R. J., ‘“‘The problem of lining 
adhesives,” Technical Studies in the Fine Arts, 2, 81-104 
(Oct., 1933). 

(26) Van INGEN, W. B., ‘‘Notes on the fungicidal treatment of 
paintings in the Canal Zone,” zbid., 1, 143-54 (Jan., 1933). 





The deeds of a man of science are his scientific investigations. 


Truth once discovered does not remain shut up 


in the study or the laboratory. When the moment comes, it bursts its narrow bonds and soins’ the quick pulse of life. 
That which has been discovered in solitude, in the unselfish struggle for knowledge, in pure love of science, is often 
Jated to be the mighty lever to advance the culture of our race. When, nearly a hundred years ago, Galvani saw 
the frog’s legs twitch under the influence of two metals touching, who could have suspected that the force of Nature 
which caused those twitchings would transfer the thoughts of man to far distant lands, with lightning’s speed, under 
the waters of the ocean—weuld even render audible at a distance the sound of the spoken word? That this force of 
Nature—after man by ceaseless investigation had learned vastly to increase tts strength—would illuminate our nights 
like the sun! This enormous development of electro-technology could only be accomplished upon the firm foundation 
of Ohm's law. For only he can govern a force of Nature who has mastered its law. Ohm, by wresting from Nature 
her long-concealed secret, has placed the sceptre of this dominion in the hands of the present.—PrRor. E. von LOMMEL 





The STORY of the FORMULA for 
PYRIDINE 


LEONARD DOBBIN* 


Gavelton, Faladam, Blackshiels, Scotland 


the statements in the chemical literature regard- 
ing the introduction of the generally accepted 
“ring” formula for pyridine. It is the purpose of the 
following sketch to present a number of the accounts 
dealing with the matter, together with statements made 
by, and certain hitherto unpublished letters written 
by, the principals concerned, vz.: Dewar and K6rner. 
Ladenburg,! in referring to the “so-called K6rner 
formula” (7. e., the ring formula derived from the usual 
formula for benzene), explains in a footnote that ‘‘as 
no publication by K6rner relating to this can be found, 
it must really be attributed to Dewar”; while in the 
third edition (1887) of his ‘History of Chemistry” (p. 
283 in the English translation) he states with regard 
to the usual pyridine formula and the corresponding 
quinoline formula: 


r YHERE is a distinct lack of agreement amongst 


This view was made known by means of private communica- 
tions by Kérner, and is usually known as Kérner’s hypothesis. 
It was first published by Dewar. 


As will appear later, Ladenburg was not fully in- 
formed when he made these statements. 

E. von Meyer, in his ‘History of Chemistry”’ (1889), 
p. 283, states: 


Korner first announced the important conception that pyridine 
might be regarded as benzene in which one methine group 
(CH)’”’ is replaced by triad nitrogen. 


In a footnote, von Meyer states: 
The first publication of this conception originated from Dewar. 


To this von Meyer’s translator added in the English 
edition (1898), p. 350: 


Ké6rner having however already given utterance to it in his 
lectures. 


Hijelt, in his “‘History of Organic Chemistry” (1916), 
p. 326, writes with reference to the pyridine bases: 


These bases and their derivatives were little investigated in 
the sixties, but, no doubt on account of their stability and their 
formation during dry distillation, the impression was formed 
that they might be placed side by side with the benzene deriva- 
tives and that they were related to the mother-substance pyri- 
dine as the aromatic compounds were to benzene. 

As early as 1869, Korner had expressed the bold idea that pyri- 
dine might be constituted similarly to benzene. He communi- 
cated this view (‘‘une idée, qui ne me parait pas sans interét’’) 
by letter to Cannizzaro who laid the letter before the Academy 
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at Palermo. According to Kérner, pyridine would differ from 
benzene only by having in the closed-chain linking a nitrogen 
atom instead of one of the triad CH groups. 


CH 

\ ss HC/ CH 

) es ca 
Az N 


(K6rner’s formulation) 


K6rner’s communication was not published in any journal and 
his idea first became known in the following year through a refer- 
ence by Baeyer. 

Independently of Kérner, Dewar advanced the same hypothe- 
sis in 1871. By the oxidation of lutidine he had obtained a pyri- 
dine dicarbonic acid. The analogy of this reaction with the 
passing of the xylols into the phthalic acids occurred to him, as 
also that the relationships between pyridine and quinoline re- 
sembled those between benzene and naphthalene. On this ac- 
count he regarded the bases homologous with pyridine as methyl- 
pyridines, and quinoline as a pyridine derivative corresponding to 
naphthalene: 


CeHe CsH;-CHs CeHa(CyHy) 
Benzene Toluene Naphthalene 
C;H;N CsH,sN(CHs) CsHsN(C,H,) 
Pyridine Picoline Quinoline 


The stability of pyridine towards reagents led him to suppose, 
further, that this substance might be constituted in a manner 
analogous to benzene; that is, that the atoms here also form a 
closed chain and are symmetrically arranged. He proposed 
exactly the same formula as Korner for pyridine, although he 
pointed out that it was quite hypothetical and, besides this, 
that it would be very daring to come to conclusions regarding 
such matters from analogies only. Further investigations of this 
subject showed that Dewar had speculated accurately. The 
formula given above is generally described as that of Ké6rner. 
It might equally bear Dewar’s name since Kérner’s hypothesis 
was not generally known at that time. 


Graebe, in his ‘History of Organic Chemistry” 
(1920), pp. 367-8, writes: 


Starting from Kekulé’s benzene formula, Kérner and Dewar, 
independently of each other, developed the view that pyridine 
might be regarded as benzene in which one CH is replaced by a 
nitrogen atom. Ké6rner sent this to the Comptes rendus, in 
1869, in a footnote to a communication on toluidine. As this 
footnote was not printed along with the paper, it only appeared 
at the time in the Journal of Natural and Economic Science of 
Palermo, 1869, and according to the Festival Volume “Scientific 
Publications of Prof. G. Kérner” (Milan, 1910) it runs as follows: 

“The isomerism existing between aniline and picoline is wholly 
unexplained up to the present.t I may be permitted to represent 
here by means of a formula an idea that I have conceived regard- 





} Anderson had already given in noteworthy manner an ex- 
planation of this isomerism in accordance with the views held at 
that time. 
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ing the constitution of pyridine and that seems to me to be not 
without interest. Here is the formula: 


i 
e 
RAP 
i 1 
Ee ¢ 
n/\O\u 


Not only does this mode of regarding it account for the transforma- 
tion of naphthalene into pyridine, observed by Perkin, and for 
the preparation of this base by the dehydration of amyl nitrate, 
effected by Chapman and Smith, but it also explains why this 
series begins with a term having five atoms of carbon.” 

The above formula is not mentioned in abstracts or year-book, 
but became known by oral communication. Thus Baeyer re- 
ferred to it in 1870? as proceeding from Ké6rner in a paper in 
which he communicated the synthesis of picoline from acrolein- 
ammonia. 

In the same year, in a paper on work begun in Kekulé’s 
laboratory on the oxidation products of picoline, Dewar stated 
regarding the constitution of pyridine: ‘‘Pyridine may be writ- 
ten graphically as benzol in which nitrogen functions in place of 
the triatomic residue CH”’, and thus may be represented as a 
closed chain.’’® 


Calm and von Buchka in their “Chemistry of Pyri- 
dine and Its Derivatives’ (1889-91) write at p. 23: 


Since pyridine and its derivatives, similarly to benzene, exhibit 
great stability towards the most various reagents, a pyridine 
formula was first set up by Kérner in an open letter to Canniz- 
zaro, of date 20th April, 1869, which formula corresponds ex- 
actly with the Kekulé benzene formula and according to which a 
closed chain of five carbon atoms and one nitrogen atom are to 
be assumed. This open letter of Kérner, which was sent by him 
at the time to a number of fellow-chemists, is printed in the 
Journal of the Academy of Palermo, Year 1869 (Vol. 5) and states: 


[Text here, same as already quoted from Graebe’s 
“History of Organic Chemistry.”’ ] 


This open letter of Kérner was not printed at the time in any 
German journal and this explains how this formula only became 
generally known later and why doubt concerning priority has 
quite recently arisen. It is quoted as Kérner’s formula by 
Baeyer in 1870. A year later, the same hypothesis was ad- 
vanced, wholly independently of Kérner as it seems, by Dewar 
and became generally known. 


Bruni and Vanzetti, in No. 174 of Ostwald’s ‘‘Klassi- 
ker der exakten Wissenschaften” (1910), p. 131, state: 


The first idea concerning the constitution of pyridine emanates 
from Ké6rner himself, inasmuch as, in a communication (1869) 
to the Society of Natural and Economic Science of Palermo, he 
proposed, without hesitation, the formula accepted at the present 
day: 

H 
A 
Hé }H 
dd 
H \Z H 
N 


the occasion being a report upon the “Synthesis of a Base Iso- 
meric with Toluidine,’’ when his theoretical conceptions relating 





2? BaByeErR, Ann., 155, 282 (1870). 
3 Dewar, Trans. Roy. Soc. Edinburgh, 26, 289 (1870). 

















This picture of Dewar was kindly lent by Professor James 
Kendall of The University, Edinburgh. Reproduced by per- 
mission of the Cambridge University Press. 


to this were rejected by the Council of the Academy of Sciences 
of Paris, probably on account of their apparent boldness. 


In the obituary notice of Kérner contributed to the 
Chemical Society of London by Cohen,‘ the following 
passage occurs: 


Whilst at Palermo, Kérner sent a paper to the Académie des 
Sciences on the ‘‘Synthesis of a Base Isomeric with Toluidine,”’ 
which he obtained by nitrating and reducing p-bromotoluene. 
The paper is interesting from the fact that in it he proposes the 
formula for pyridine, which is now adopted. His reference to 
this formula was, however, suppressed in the paper sent to the 
Académie, probably from its purely theoretical nature, but was 
afterwards published (1869) as a note in the Giornale di Scienze 
Naturalt ed Economiche. 


A portrait of Kérner accompanies the obituary notice. 
Dewar’s name is not mentioned in the notice. 

With a view to obtaining authoritative information 
concerning the question of priority in the conception 
of the ring formula for pyridine, during the life-time 
of Kérner and Dewar, the present writer, as long ago as 
1922, addressed an enquiry to Sir James Dewar asking 
if he could, from his own knowledge, clear up the doubt 


* Conen, J. Chem. Soc., 127, 2977 (1925). 
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as to the genesis of the accepted formula that existed 
in consequence of the discrepancy of statement with 
respect to it. To this enquiry, Sir James replied 
immediately : 

Royal Institution of Great Britain 

21, Albemarle Street, W. 1. 

3rd August, 1922 

Dear Dr. Dobbin, 

I have your letter of the 2nd August, and will endeavour to 
see if I can meet your request by finding some specific information 
about the Pyridine question. In the meantime it may interest 
you to refer at once to the June number of the Journal of the 
Chemical Society of London where you will find a paper by Dr. 
Ingold, pages 1134-1148, which gives information as to dates and 
references which I gave him with regard to the Benzene formula 
and my relations thereto. 

I have soon to leave Town, but I hope to send you some infor- 


mation before leaving London. 
Yours faithfully 
[Signed] James Dewar. 


A few days later, Sir James sent a further note and 
along with it he enclosed a copy of a letter to himself 
from Korner. The text of this letter will be given 
later in this story. Unfortunately Sir James never sent 
the “whole story’ referred to in the latter part of his 


note. The note runs: 
Royal Institution of Great Britain 
21, Albemarle Street 
London, W. 
14th Augt. 1922. 
Dear Dobbin, 


The Asst. Secy. is back. The enclosed is a copy of a letter of 
Korner’s made for the R. I. Archives, and as I can’t lay my hands 
on the original: you can let me have it back when I return in 


October. 
If I find time I will tell you the whole story of my visit to 
Belgium and Kekulé’s Laby. and all the Pyridine Bases I took 


with me. 
Yours very truly, 


[Signed } James Dewar. 


For convenience of reference, it has been considered 
advisable to reproduce here (not quite in the chrono- 
logical order of their publication) four short extracts 
from the literature, that are more or less intimately con- 
nected with Dewar’s relationship to the question of the 
pyridine formula. 


1. From Proc. Chem. Soc., 13, 239 (1897) 
(Meeting of Chemical Society, London 15th Dec. 1897) 
Professor F. R. Japp, LL.D., F.R.S., delivered the 
Kekulé Memorial Lecture. Prof. Dewar, F.R.S. 
President in the Chair. 
After the lecture: 


The President said that there was little to add to Professor 
Japp’s exhaustive eulogy of the life and work of Kekulé. His 
own early relations, however, with the great chemist whose life 
work the Society was commemoratixig might have some interest 
to the members and ought to be told. 

While a student with Lord Playfair at Edinburgh, in the ses- 
sion 1866-67, he made his first contribution to Science in the 
shape of a little paper entitled, ‘‘On the Oxidation of Phenyl 
Alcohol and a Mechanical Arrangement adapted to illustrate 
the Structure in the Non-saturated Hydrocarbons.”’* This 





* This paper was read on 4th Feb., 1867, and appeared in Proc. 
Roy. Soc. Edinburgh, 6, 82-6 (1869). 
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note appeared in the Proceedings of the Royal Society of Edin- 
burgh, and he was so desirous of becoming known to Kekulé 
as a student of his theory of the aromatic bodies that a specimen 
model was sent to Ghent. Lord Playfair addressed a letter to 
Kekulé stating that he (Professor Dewar) was very anxious to 
work in his laboratory. The reply was ‘“‘Come,” and the recep- 
tion and kindness he received from Kekulé have always had his 
profound gratitude. 

The summer of 1867 was thus spent in the private laboratory of 
Kekulé. Before leaving Edinburgh, he had been working on the 
coal tar bases, and a supply was taken with him to Ghent. 
There, he began the study of the oxidation products of picoline, 
and at the British Association Meeting at Norwich, in 1868 an 
account of the separation of dicarboxypyridinic acid, the analogue 
of phthalic acid in the benzene series, was given. At the same 
meeting he gave a paper on ‘‘Kekulé’s Model to Illustrate 
Graphic Formule.’’ This is the succinct history of the beginning 
of the pyridine-benzene analogy. His old friend Koerner had 
speculated in the same direction, and he (Prof. Dewar) might con- 
fess that in his opinion they both had received too much credit 
for an extension of the benzene theory to pyridine....... 


2. From THE Report of the British Association, Nor- 
WICH, 1868 


(Transactions of Sections, p. 35. In a paper entitled 
“On the Coal-Tar Bases,” by J. Dewar) 


Picoline can be easily attacked by permanganate of potash at 
100°C. The oyidation products are ammonia, nitric and car- 
bonic acid, a small quantity of volatile acids, oxalic acid, and a 
beautiful crystalline bibasic acid which the author calls Dicarbo- 
pyridinic. The empirical formula of the acid is pyridine plus 2 
carbonic anhydrides or typically (CoN) GOUT: 
carbon acid obtained by the destructive oxidation of a six-carbon 
compound. The formation of this acid is a true synthesis by 
oxidation, comparable to the elegant synthesis of phthalic acid 
from benzol by M. L. Carius. The oxidation of an organic sub- 
stance may therefore give rise to higher compounds during its 
passages te NH; COz and H,0O. 

Ammonia Carbonic acid Water 

The author will examine the isomeric lutidine; one or other 
should give the acid with great ease. He believes these bases 
to be produced by the simultaneous action of hydrocyanic acid 
or ammonia on acetylene at high temperatures, and intends in- 
vestigating their action. 


3. From Proc. Roy. Soc. Edinburgh, 7, 192 (1872) 
(Proceedings of 1869-70: Paper read on 6th June, 1870) 


“On the Oxidation Products of Picoline,” by 
James Dewar, F.R.S.E., Lecturer on Chemistry, 
Veterinary College, Edinburgh. 


It is a seven- 


....Dicarbopyridinic acid, CHING OP is bibasic and bears 
2. 
the same relation to the nucleus pyridine that phthalic acid and 
its isomers bear to benzol....... 


* * * 


The author observes that the two well-defined series of nitrile 
bases found in coal tar, viz., the pyridine and chinoline series, 
bear the same relation to each other that the benzol series of 
hydrocarbons does to the naphthaline. Thus pyridine is sup- 
posed to be the nucleus in these bodies that benzol is in the aro- 
matic series. The following are some of the analogies pointed 
out in the paper: ° 


Benzol Naphthaline Anthracine Pyridine Chinoline 
C:H: CoH, CeHs C:He CsH3sN 
C:He: C:He C2He NCH C2H: 
C:H: C:He CeHy C:He CsHs 
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4. From Trans. Roy. Soc. Edinburgh, 26, 195 (1872) 
Dewar writes: 
Pyridine may be written graphically as benzol in which the 


nitrogen functions in place of the triatomic residue CH’’’, 
and thus may be represented as a closed chain: 


H z H 
F sce. ahi” 
ate, pu a. i pul 
H H H H 


The pyridine formula printed in the foregoing extract 
No. 4 was included in an abstract of Dewar’s paper that 
appeared in The Chemical News of date 27th January, 
1871, and must therefore have been published in a part 
of the Edinburgh Transactions issued toward the end 
of 1870 or very early in 1871. The paper was read on 
6th June, 1870. 

By the friendly assistance of Dr. Max Speter of 
Berlin, who obtained from Breslau the volume of the 
Giornale di Scienze Naturali ed Economiche di Palermo 
containing K6rner’s previously quoted note, and whose 
courtesy in the matter is hereby gratefully acknowl- 
edged, it has been possible to obtain an accurate copy 
of the formula for pyridine as there printed: 
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The following is a copy of the letter from K6rner to 
Dewar referred to in Dewar’s letter of 14th August, 
1922: 


Rome 
38rd December, 1900 
Very illustrious Professor and Dear Friend, 


I have been waiting to write to you for a long time, especially 
to thank you for what you have wished to do for me again. 
Please accept my heartiest thanks and do not be angry with me for 
the unintentional delay in replying. But I should like to com- 
ment on a sentence in your first kind letter. 

As I reckoned on leaving here for London on Wednesday last, 
having made my arrangements accordingly, I thought it would 
be better to make this comment to you viva voce. But at the 
last moment things turned out differently and I was summoned 
by the Minister of Agriculture to appear in Rome on the 30th 
inst. to attend a Meeting of the Higher Board of Instruction in 
Agriculture, and I had to go to Rome instead of coming to 
London. 

Then I thought I should be able to send a telegram to the Presi- 
dent of the Royal Society, excusing my absence, from Rome on 
the 30th inst. and also to let you know by telegram. 

However, owing to recent floods, there was a block on the line 
and I was held up at Orvieto for 11 hours, with no chance of going 
forward or returning until the rocks, washed down by the floods, 
had been removed from the line. Consequently I only got to 
Rome in the middle of the night 30th November and lst Decem- 
ber, and it was impossible then to send an excuse to the President 
of the Royal Society. Will you kindly be my intermediary and 
express my gratitude to them (Members of the Royal Society) 
and explain my silence? 

What I wanted to say to you was something about a phrase 
relating to the [?] pyridine. Well, I never laid claim to priority 
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and I do not even know when you published it. The only time 
I ever made note of it was in a Palermo Newspaper in 1869 which 
is not in existence now. 

Doubtless it is quite unnecessary for me to declare most posi- 
tively that I know nothing about Mr. Ladenburg’s publication 
and that I regret it exceedingly, and I assure you in the most em- 
phatic manner that I have never doubted for a moment that you 
acted independently, that you must have done so, you who were 
working at it long before I took up the question. 

I cannot find words to thank you for all that you have done 
for me and have been willing to dd. Once more please accept 
my best and most sincere thanks. 

Please remember me very kindly to Mrs. Dewar, and with best 
regards to you, my dear friend 

Believe me 
Yours devotedly and gratefully 
W. Korner 


Mr. Cannizzaro [?] tells me that Mr. Mond will be returning in a 
few days from Canada. If you see him please remember me to 
him. : 
The following letter from Dewar to Crum Brown 
was found amongst the correspondence of the latter 
that has been preserved: 
Royal Society of Edinburgh 
10th Jany., 1905 
Dear Brown, 


Reference in the award last night was made to the Pyridine 
Question. Now asa matter of fact Koerner got the idea from me. 
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In fact I took the notion to Kekulé’s laboratory along with the 
Bases and the old Model of Benzol. As Koerner was an old friend 
I never raised any priority question. The facts can easily be 
substantiated. The reference in German literature is always 
made to the Royal Socy. of Edinburgh paper, communicated on 
6th June, 1870 but only published in 1872. 

Now as a matter of fact in the B. A. Report for 1868, p. 35 
of Transactions of Sections, you will find a paper on the Coal 
Tar Bases which makes the Benzol Pyridine analogy perfectly 
clear. Now this is before the date of any Koerner publication. 
I am under the impression that in 1897 you can find a reference 
in the Proceedings of the Chemical Society to some explanatory 


observations I made on the subject. 
Yours faithfully 


[Signed] James Dewar 


The occasion that gave rise to the reference in the 
foregoing letter to the matter of the Pyridine Question 
was the Presentation to Dewar, on 9th January, 1905, 
of the Gunning Victoria Jubilee Prize of the Royal So- 
ciety of Edinburgh. On presenting the Prize, the 
Chairman, Professor James Geikie, Vice-President, 
said: 

In 1867 Mr. James Dewar read a paper to this Society on the 
oxidation of Phenol to Oxalic Acid. This, his first contribution 
to the Chemistry of the Aromatic Compounds, was followed by 
a more important one on the oxidation of Picoline, first given 
by him to the British Association in 1868, and in a fuller form to 
this Society in 1870. In this he proposed a graphic formula for 
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Pyridine which expresses the relation now universally recognized 
between the constitution of Benzene and that of Pyridine.’ 

It is to be noted that in the foregoing, Kérner’s name is 
not mentioned. Presumably remarks were made after 
the presentation of the Prize, which called forth Dewar’s 
letter to Crum Brown, but if so, these have not been 
recorded. 


In the light of the statements in the respective letters © 


of Koérner and of Dewar now published, it seems that 
finality has probably been as nearly reached on the mat- 
ter of priority of conception with regard to the analogy 
in the formulation of pyridine and benzene, as it is 
ever likely to be. Priority in printed publication 
clearly rests with Korner, if the dates of issue of the 
parts of the scientific journals concerned are to be relied 
upon as accurate. 

Friends as fellow-workers in Kekulé’s laboratory in 
Ghent, in the sixties of last century, it would appear 
that no petty question of priority arose to disturb the 
intimate friendly relations of Kérner and Dewar in 
later life. In these circumstances may the accepted 
pyridine formula not be equally accurately and hap- 
pily described either as the K6rner-Dewar or the 
Dewar-K6rner formula? 


5 Proc. Roy. Soc. Edinburgh, 25, 1182 (1905). 








A RECENT publication by Smith! describes a pro- 
cedure for determining the inner areas of dishes or other 
objects difficult to measure accurately. Essentially, 
the method consists in coating the area with a film of 
collodion, removing, weighing, and comparing with 
the weight of a like film from a known area. 

Ostwald states that the coérdination of hand and eye 
in drawing a curve through points is sensitive to the 
second, or even third, differential coefficient.2 The 
ability of the eye to judge of the intensity or evenness 
of a color wash is likewise quite marked. The latter 
correlation is the basis of this method, which is par- 
ticularly applicable for determining areas of glass and 
porcelain objects. 

Warm the object, for example, an evaporating dish, on 
the steam bath or in an oven. An atomizer with a 
fine nozzle is filled with a solution of Alkali-Blue* in 

i Smitu, Chemist-Analyst, 19, 15 (1930). 

2 Discussed by Bay.iss, “Principles of general physiology,” 


Longmans, Green & Co., New York City, 1927, p. 40. 
* For sale by Eimer and Amend, New York City. 


AREA DETERMINATION OF NON-PLANAR SURFACES 
EUGENE W. BLANK 
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acetone or alcohol. Using the atomizer, coat the sur- 
face whose area is to be determined with a light and 
even coating of the dye. At the same time coat a 
glazed porcelain plate of known area to the same in- 
tensity or depth of color. Ailow to dry, wash the dye 
from plate and object into separate volumetric flasks 
with water, bring to volume, and compare the colors 
with a colorimeter. Repeat, and average the re- 
sults. 

The plate of known area should not be too small in 
comparison with the area to be measured. A 4” X 4” 
plate is satisfactory in most cases. 

This procedure is rapid, inexpensive, and fairly 
accurate. The essential point is to have a very fine 
spray with which to coat the areas under estimation. 
If one solution is appreciably more concentrated than 
the other, take an aliquot and bring to a definite volume 
with distilled water; repeat, if necessary, until both 
solutions are of nearly the same concentration, after 
which they may be compared colorimetrically. 
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The EVOLUTION of NUTRITION’ 


J. G. ARCHIBALD 


Massachusetts Agricultural Experiment Station, Amherst, Massachusetts 


HIS subject, dealing as it does with the food 

supply of living organisms, has its origin in re- 

motest antiquity. Long before the first amceba 
engulfed its first food particle, living cells must have 
carried on their biochemical processes, and therefore 
must have had a food supply of some sort to furnish the 
requisite energy. 

The science of nutrition as we understand it today is, 
by comparison, a mere infant in arms. Practically all 
the important discoveries bearing on the subject have 
been made within the past one hundred fifty years, 
many of them since the turn of the century. Is it any 
wonder, then, that our knowledge of nutrition is in 
many respects in a state of flux, and that often what 
was accepted yesterday as truth is today being swept 
aside? Rather the wonder is that in such a compara- 


tively short space of time the human mind has been 
able to bring as much order as it has out of the wilder- 
ness of apparently conflicting facts and discoveries. 


EVOLUTION OF FOOD SUPPLY 


Let us consider first the aspects of the subject which 
bear most directly on organic evolution. It must be 
admitted that the evidence is fragmentary, to say the 
least. The nature of the food supply of the primordial 
single cells which constituted the earliest manifesta- 
tions of life can only be speculated upon, and rather 
hazily at that. Protozoa and other simple forms of 
animal life as we know them today are in general either 
parasitic or saprophytic; 7. e., they depend for their 
food on other forms of life or on substances synthesized 
by organic processes. The primordial cell did not 
have such ready-made material to hand. It must have 
obtained its energy by oxidation of the elements or 
very simple compounds. Bacteria possess, to a greater 
or less degree, this property of oxidizing simple sub- 
stances, and among present-day organic forms prob- 
ably they are the nearest approach to the original form 
of life. 

Evidence of the differentiation of a part of the 
structure of animal organisms into something re- 
sembling a digestive or alimentary tract is to be 
found very far down in the scale of life. Certain of the 
protozoa, such as Paramcecium and Vorticella, show a 
well-defined gullet; the interior of such a typical Ccelen- 
terate as the fresh water Hydra is the so-called ‘‘gastric 
cavity”; and even the simplest of worms (the Planaria) 
have a specialized alimentary canal. 


* An address delivered as one of a series on the general subject 
of ‘Evolution,’ to a group of graduate students and faculty 
members of Massachusetts State College, January 15, 1934. 

} Assistant Research Professor of Chemistry. 


In general, the food of the simpler forms of animal 
life up to and including most of the mollusks is water- 
borne and consists largely of microscopic plants, such 
as the blue-green alge, and of numerous groups and 
species of Protozoa, of which the Infusoria (diatoms) 
are important. Among those which have adapted 
themselves to a terrestrial habit of life, and this in- 
cludes many of the worms and snails, we find, however, 
a great diversity in food habits. Witness the tapeworm 
with its unique method of gaining a living, the earth- 
worm with its omnivorous habits, or the slug, which is 
particularly partial to windfall apples. 

Ascending the scale to the Arthropods, even greater 
diversification is seen. The lobster has his diet of fish; 
the millipede lives almost entirely on subterranean 
vegetable matter; the spider on any luckless hexapod 
that happens to blunder into his net; while the food of 
the countless species of insects runs the whole gamut of 
biological activity from microérganism to man. 

The fishes as a class have been and are somewhat 
more limited in their choice of food. Many of the 
smaller species, the young of probably all species, and 
even the adult members of some of the larger species, 
subsist on. plankton, the floating or weakly swimming 
plant and animal life, both microscopic and macro- 
scopic, with which the upper layers of the sea are teem- 
ing. Most of the larger species, however, are carnivo- 
rous during adult life, any other species small enough to 
swallow being grist to their voracious mills. 

Amphibians and present-day reptiles are for the 
most part carnivorous, while the diet of birds is almost 
as diverse as that of insects. It should be noted here 
that some of the prehistoric reptiles popularly classed as 
dinosaurs were vegetarians, and the peak of their 
development coincides with the dense vegetation of the 
Mesozoic age. The reason for,this is obvious—abun- 
dant food supply easily obtained. 

The earliest mammals probably were herbivorous, 
and the period of their greatest development is coin- 
cident with the appearance of the grasses and the 
great grazing areas all over the world. This great 
development of the herbivora resulted in turn in a 
greatly increased food supply for the carnivorous 
mammals which in their turn increased greatly in 
numbers and species. Halperin has made the state- 
ment that ‘‘the grasses were the controlling influence in 
the Age of Mammals.’’! 

FOOD HABITS OF MAN 

Coming at last to man we have evidence of a gradual 

but continuous change in food habits, keeping pace 


1 HALPERIN, M., “Grasses and man,” Sct. Mo., 36, 258-62 
(Mar., 1933). 
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with environmental changes and his increasing knowl- 
edge of his surroundings. Prehistoric man probably 
was largely carnivorous in his habits, depending for 
his existence on his prowess in the chase, although in 
season doubtless he varied his diet with wild fruits, 
nuts, berries, and edible roots. Comparatively late in 
his development he discovered fire and the art of cook- 
ing, and gradually he learned to domesticate certain 
animals such as the cow, sheep, goat, and pig, and to 
depend on them for meat and milk. Even then his diet 
was largely of animal origin, and his existence of a 
nomadic sort, for he had to shift from place to place to 
find food for his flocks and herds. 

Not until he had learned to till the soil and to grow 
crops so that food surpluses for himself and his cattle 
could be stored for times of shortage, did his existence 
pass from the precarious stage to a form much more 
stable and secure. In the development of this more 
substantial form of existence the discovery of the 
cereal grains and their suitability for both human and 
animal food was probably the most important factor. 
How far back this discovery was made it is difficult to 
say. It antedates all historical records, and the prob- 
ability is that the dates vary for different parts of the 
world. Suffice it to say that all civilizations, ancient 
and modern, have been built around some cereal grain 
as the principal source of food. Typical of this are 
wheat and rye in Europe, rice in Asia, millet and 
sorghum in Africa, and Indian corn in America. 

Following this important step in man’s nutritional 
welfare there have been no radical changes in the 
diet of the human race until recent times. Such 
changes as have taken place have been confined prin- 
cipally to the more highly civilized peoples and have 
consisted in the main of a much greater variety of food 
materials to choose from, made possible by our modern 
transportation system, and in demand because of the 
great increase in our knowledge respecting the specific 
values of many products which formerly were either 
foreign to our diet or else were used only in limited 
quantity and were viewed as luxuries. 

Our ancestors of only a few generations back sub- 
sisted almost entirely on home-grown food, and in the 
winter time, particularly, their diet was often limited 
as to variety—salt pork, coarse bread, and potatoes 
being all too often the principal items of the bill of 
fare. Today we have flour from Minnesota, corn 
meal and bacon from Illinois or Iowa, beef from the 
western plains or from Argentina, potatoes from 
Maine, milk from Vermont, oranges from California 
or Florida, bananas from Honduras, spinach and other 
vegetables from Texas, sugar from Cuba, coffee from 
Brazil, and spices from the islands of the sea. 

The influence of climate on the diet of different races 
of people has been profound. Familiar examples are 
the strictly carnivorous diet of the Eskimo with its 
large supplies of fat, and the almost exclusive diet of 
fruit on which many tropical natives subsist. 
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HISTORY OF THE SCIENCE 


In the foregoing an attempt has been made to picture 
the evolution of nutrition from the standpoint of food 
supply. Let us turn now to the development of the 
science itself, which, involving as it does the interven- 
tion of man, cannot be classed as evolution in the strict 
sense of the term. And yet there need be no apology 
for this. Fay makes the following statement in a 
recent book: “The story of the development of the 
British Parliament, of the 32-page morning newspaper, 
or of the 100-ton locomotive illustrates just as clearly 
the idea of evolution as does the story of the develop- 
ment of vertebrate animal life, the forms of sweet peas, 
or the planetary system.” This is the viewpoint of an 
historian and there may be some who would take issue 
with it, but is is not relevant to argue the point. 

In the introduction, the comparative youth of this 
science was pointed out, but, like many a stripling, it has 
increased mightily in stature, and that largely within 
the past few decades. 

As recently as a century ago the belief of Hippocrates 
that there was a specific universal nutrient substance 
present in all foods, which was abstracted by the process 
of digestion, was widely prevalent. Hippocrates, by 
the way, lived four centuries B.c. This idea was re- 
stated by the French physiologist Richerand in 1813, 
who wrote in part as follows: 


...However various our aliments may be, the action of our 
organs always separates from them the same nutritious principle; 
in fact, whether we live exclusively on animal or vegetable sub- 
stances, the internal composition of our organs does not alter; 
an evident proof that the substance which we obtain from ali- 
ments to incorporate with our own is always the same, 
Attempts have been made to ascertain the nature of this ali- 
mentary principle, common to all nutritive substances, and it is 
conjectured, with some probability, that it must be analogous 
to gummy, mucilaginous, or saccharine substances; ....? 


As late as 1833 Dr. William Beaumont, best known 
for his classic experiments in gastric digestion on the 
soldier, Alexis St. Martin, held much the same idea. 
He wrote that “the ultimate principles of nutriment 
probably are always the same, whether obtained from 
animal or vegetable diet. It was said by Hippocrates 
that ‘there are many kinds of aliments, but that there 
is at the same time but one aliment.’ This opinion has 
been contested by most modern physiologists, but I see 
no reason for skepticism on the subject.” 

The first definite indication that this erroneous idea 
was being dispelled is contained in a treatise by Dr. 
William Prout published in 1834. He considered that 
all organized bodies are constituted of three great 
“staminal principles’ which he designated as ‘‘sac- 
charina, oleosa, and albuminosa.”” He recognized that 
the albuminous substances differed from the others in 
containing not only carbon, hydrogen, and oxygen, but 
in addition a fourth element or principle, viz., azote 





2 Fay, SrpNEy B., In section on ‘‘History”’ in ‘‘Roads to knowl- 
edge,” edited by W. A. Nermtson. Norton, New York City, 
1932. 

3 Quoted from MENDEL, L. B., ‘Nutrition: the chemistry of 
life,’ Yale University Press New Haven, 1923. 
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(nitrogen); but he made no mention of any special differ- 
ence in the nutritive functions of these so-called 
“staminal principles.” 

The question now arises as to how these earlier 
erroneous beliefs or half truths were gradually dispelled, 
and who were the men principally responsible for the 
modern concept of nutrition. In the scope of this 
paper it is neither possible nor desirable to give a com- 
plete and exhaustive review; mention will be made 
only of the most outstanding investigators and their 
principal contributions to our knowledge of the subject. 


GENERAL CONSIDERATIONS 


The first one who comes to mind is the celebrated 
French chemist, Lavoisier, who first gave to the world 
a fundamental concept not only of nutrition but of 
chemistry in general. During the period from about 
1780 to the time of his death by the guillotine in 1794 
he conducted numerous classical experiments which 
demonstrated the importance of oxygen, and the part 
played by it in respiration, as well as in other familiar 
processes. He demonstrated that the utilization of 
food in the body tissues with production of heat is 
fundamentally the same as that which takes place in 
the combustion of any fuel, viz.: an oxidation of com- 
pounds of carbon to their ultimate end-products, car- 
bon dioxide and water. He has been accounted the 
father of the science of nutrition, and it is one of the 
ironies of history that he was put to death at the height 
of his career by the misguided zealots of the French 
revolution. 

Magendie (1783-1855), a French physiologist, first 
demonstrated the unlike nutritive values of the three 
foremost groups of food substances as they are recog- 
nized today. He drew a clear-cut distinction between 
nitrogenous and non-nitrogenous foods, noting the 
failure of nutrition in animals confined to such non- 
nitrogenous diets as sugar, butter, and olive oil. He 
stressed the presence of nitrogenous substances in many 
food products of vegetable origin, and concluded that 
the nitrogen of animal tissues is derived from the food, 
and that non-nitrogenous foods are not converted into 
nitrogenous compounds in the organism. 

The importance of the nitrogenous foodstuffs was 
further emphasized by the Dutch physiologist, Mulder, 
who in 1839 coined the term “‘protein,” now so familiar 
to all. But it was Justus von Liebig, the celebrated 
German chemist, sometimes styled the “father of agri- 
cultural chemistry,’ who laid the greatest stress on the 
proteins in the diet. He shares with Magendie the 
honor of being the first to point out that albuminous 
compounds are utilized by the animal body in tissue 
formation. He probably understood more clearly 
than Magendie did that there are three types of sub- 
stances oxidized in the body; viz., proteins, carbo- 
hydrates, and fat. He also made large contributions 
to our knowledge of the composition of foods, animal 
tissues, and waste products. : 

Although Liebig contributed much to the advance- 
ment of the science he laid such undue emphasis on 
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the place of proteins in the diet that as late as 1899 
someone made the absurd statement in a textbook of 
physiology that “‘life processes consist in the metabolism 
of the proteins.”’ 

He considered that the various bodily functions such 
as muscular contraction and glandular activity were 
carried on at the expense of the nitrogenous tissue, and 
that the function of nutrition was simply the replace- 
ment of this destroyed tissue. He also held the view 
that in addition to their réle as body builders the 
nitrogenous food substances are the producers of force; 
the non-nitrogenous substances he considered as heat 
producers only. 


ENERGY STUDIES 


The erroneous conception promulgated by Liebig in 
1842 was refuted by the work of Carl von Voit and his 
co-worker at Munich, Max Pettenkofer, who in 1862 
constructed the first respiration chamber large enough 
for use with human beings. Some years previously 
(1850) the French physicists, Regnault and Reiset, had 
constructed a respiration chamber for use with small 
animals. Voit and Pettenkofer continued their studies 
over a long period of years, using their respiration 
chamber as their principal tool. Let me quote Voit’s 
own words as to some of his major discoveries. He 
says: 

We found that in starvation, protein and fat alone were burned, 
that during work more fat was burned, and that less fat was 
consumed during rest, especially during sleep; that the car- 
nivorous dog could maintain himself on an exclusive protein diet, 
and if to such a protein diet fat were added, the fat was almost 
entirely deposited in the body; that carbohydrates, on the con- 
trary, were burned no matter how much was given, and that 
they, like the fat of the food, protected the body from fat loss, 
although more carbohydrates than fat had to be given to effect 
this purpose; that the metabolism in the body was not propor- 
tional to the combustibility of the substances outside the body, 
but that protein, which burns with difficulty outside, metabolizes 
with the greatest ease, then carbohydrates, while fat, which 
readily burns outside, is the most difficultly combustible in the 
organism.‘ 

Riibner, a pupil of Voit, continued the work first at 
Munich, and later at Marburg. One of his great con- 
tributions was a determination of the calorific or heat 
values of protein, carbohydrates, and fat, and the 
establishment for these substances of standard calorific 
values. This, coupled with a knowledge of the 
amounts of these substances in various foods, has 
enabled the calculation of the average fuel value of 
mixed diets, which is familiar to almost everyone today 
in the popular pastime of ‘“‘counting one’s calories.’’ 
Riibner also constructed the first respiration calorimeter 
(for dogs), an improvement over thé respiration 
chamber in that it provided for exact measurement of 
the amount of heat given off by the animal body, as 
well as accounting for the gaseous products of respira- 
tion. By means of this apparatus he was able to 
prove that the amount of heat given off by the animal 
organism is exactly the same as the amount calculated 


‘Quoted from Lusk, Granam, “The science of nutrition,” 
8rd ed., Saunders, Philadelphia, 1917. 
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from the respiratory exchange, thus proving the truth 
of the law of conservation of energy first suggested by 
Lavoisier one hundred years earlier. He also observed 
that the ingestion of excessive amounts of food resulted 
in an increase in the heat output of an animal out of 
proportion to the fuel value of the food, and that this 
increase was much more marked in a high protein 
diet than in a diet in which carbohydrates or fat pre- 
dominated. This he termed the “specific dynamic 
action” of food, and the term is still in use. The 
phenomenon is of great significance in nutritional in- 
vestigations and is now considered to be due to the 
specific pharmacological action of certain of the amino 
acids which make up the protein molecule, notably 
glycine, alanine, leucine, phenylalanine, and tyrosine, 
or possibly of their derivatives. 

Atwater, who was a contemporary of Riibner and 
a pupil of Voit, did most of his work after his return 
to America. In collaboration with the physicist, Rosa, 
he constructed at Wesleyan University the first respira- 
tion calorimeter large enough to accommodate human 
subjects. Upon the results of his work in studying the 
heat output of men undergoing various degrees of 
exercise, together with that of Riibner, of Zuntz, and 
more recently of Benedict, DuBois, Lusk, and their 
co-workers, are based our modern standards of calorie 
requirements by individuals according to age, sex, 
height, weight, and occupation. Worthy of mention 
in this connection is the work of Armsby, at Pennsyl- 
vania State College, who constructed the only respira- 
tion calorimeter for cattle and whose contribution to 
our knowledge of the values of various animal feeds 
has been of far-reaching significance. 

Benedict has made use of Riibner’s finding (already 
referred to) regarding the agreement between calculated 
and measured heat production, to develop an ingenious 
and much simpler method of calorimetry known as 
“indirect calorimetry.’”’ In this method only the 
oxygen consumption and carbon dioxide output are 
measured, and since the subject wears a mask by means 
of which the oxygen is conducted to the respiratory 
passages and the CO, carried away, no expensive 
respiration chamber is required. Brody, at the Uni- 
versity of Missouri, has adapted this method for animals 
and finds it necessary to measure only the oxygen con- 
sumption, this being considered a direct index of the 
rate at which metabolism is proceeding. 


DIGESTION EXPERIMENTS 


Contemporaneous with these investigators on the 
problem of energy exchange were a numerous group 
who determined the digestibility of all common foods 
and feeds by means of so-called ‘digestion experi- 
ments.’”’ These involved careful accounting for all 
feed ingested and all solid excreta voided, and analysis 
of these for the various proximate food constituents. 
The difference between the amounts of the various 
substances in the feed and in the feces was considered 
to represent the portion digested, and its percentage 
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relation to the total amount in the feed was termed 
the “digestion coefficient.” 

Pioneers in this type of work with agricultural 
animals were Henneberg and Stohmann, who inaugu- 
rated such studies about 1860 at the Weende Experi- 
ment Station in Germany. Atwater, whose name has 
already been mentioned in another connection, con- 
ducted many such determinations on human foods. 
The work of our own experiment station and those in 
Maine and Maryland, which employed this type of 
investigation for many years, was a distinct contribu- 
tion to the science of animal nutrition. 

The digestion experiment in its day was a valuable 
adjunct to nutritional investigations and contributed 
much useful information. It had rather definite 
limitations, which are now well recognized, and it is 
no longer generally employed. 


RECENT RESEARCHES ON ENERGY EXCHANGE 


Of recent years much research has been conducted 
on the mechanism of oxidation within the tissues. 
The number of investigators has multiplied so that 
time and space do not permit mention of their names. 
It is now definitely known that ultimate oxidation of 
the reserve food material of the body takes place in 
the individual muscle cells after its conversion to glu- 
cose, through the intermediate formation of glycogen 
(animal starch), with the production of carbon dioxide, 
water, and lactic acid, the amount of the last-named 
substance being responsible for the degree of fatigue 
accompanying the process. It is also known, as re- 
cently admirably stated by Sherman, that the process 
is catalyzed by glutathione, and speeded up by the 
hormones thyroxin and adrenalin, and that in some 
way the hormone insulin prepares material for the 
process. All these substances are derivatives of the 
amino acids which make up protein molecules, and thus 
an inter-relation between energy exchange and protein 
metabolism is apparent. 

Hitherto we have confined ourselves almost entirely 
to the energy aspects of nutrition. There are two 
good reasons for this: (1) the earlier investigators con- 
centrated their studies on it to the almost complete 
exclusion of other phases, and (2) after all, the energy 
concept occupies the largest place in the nutritional 
scheme. Let us now consider the other phases of the 
subject. 


PROTEIN 


It has been pointed out already that Liebig and others 
recognized the difference between protein and the non- 
nitrogenous constituents of foods and the fact that 
protein is necessary for tissue building, also that Voit 
gave the proper perspective to protein in its relation 
to the other constituents of the diet. But of the 
chemistry of protein and the relative value of proteins 
from different sources little was known until the 





5 SHERMAN, H. C., “The trend of recent advances in the 
chemistry of food and nutrition,’ J. Am. Dietetic Assoc., 9, 
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present century. The growth of our knowledge on the 
subject is strikingly illustrated by a comparison of a 
textbook of organic chemistry which was a standard 
twenty years ago, with a text currently in use in 
physiological chemistry courses. The former dispenses 
with the proteins in three pages, while the latter 
devotes over one hundred pages to them. 

The earlier work was confined almost entirely to 
investigations on the proper proportion of protein in 
the diet. As already noted, Liebig overstressed its 
importance, while Voit recommended 118 grams daily, 
the average intake of a large number of adults whom he 
studied. Chittenden, who was the apostle of low- 
protein diets, considered that 60 grams daily was 
adequate for the average adult. It has never been 
demonstrated conclusively that high protein diets are 
particularly injurious to the kidneys as is often sup- 
posed, and on the other hand, individuals or even 
whole races of people lead normally healthy lives on 
relatively low protein diets. As with all other bio- 
logical problems, the animal or human organism seems to 
be adjustable to a considerable degree of latitude in this 
respect, and we know now that the quality of protein 
in the diet is of as much importance as the quantity. 

This matter of quality is correlated with the con- 
stitution of the protein molecule, and in this field much 
progress has been made. Here again the number of 
workers has been legion, but the names of Fischer 
and Abderhalden in Germany and of Osborne, Mendel, 
and their pupils in this country come to mind as out- 
standing. It is now definitely known that the protein 
molecule is built up from simpler substances known as 
amino acids, in much the same manner as a mason 
builds a stone wall. In fact, the Germans have some- 
times designated the individual amino acids which 
make up the more complex protein structure as Bau- 
steine (building stones). No less than twenty-one of 
these amino acids are now listed and their chief sig- 
nificance lies in several facts: 

(1) They are all essential to normal nutrition. 

' (2) Proteins from different sources contain greatly 
varying relative amounts of them. 

(3) Certain proteins lack certain of them, vege- 
table proteins being usually less complete than animal 
proteins. 

(4) Some of them can be synthesized by the animal 
body; others must occur preformed in the diet. 

(5) Proteins lacking those which the body cannot 
synthesize will not support growth and hence are said 
to be “biologically inadequate.” 

(6) Certain proteins, while containing varying 
amounts of all of them, may not contain sufficient of 
some for adequate nutrition. 

(7) Of the twenty-one known to exist, four have 
been definitely proved to be indispensable in the diet. 
These are lysine, tryptophane, cystine, and histidine. 
Of the other seventeen, two are considered to be dis- 
pensable (glycine and arginine), which implies that 
the animal body can synthesize them. Six others are 
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apparently dispensable, while the present state of 
knowledge does not permit classification of the remain- 
ing nine. 

While it seems probable that no definite deficiency 
disease of human beings is traceable to inadequacy of 
protein, nevertheless these facts need to be kept in 
mind. They illustrate the value of variety in our 
diet. 


FAT 


The function of fat in the diet was well defined by the 
earlier investigators, and it was thought quite defi- 
nitely established that food fats in general were 
adequate for nutritive purposes. That the animal 
organism is capable of synthesizing fat from carbo- 
hydrates is well known, but that it may be necessary at 
times to insure the presence in the diet of certain 
fatty acids was only recently suggested. That such is 
the case seems now to be rather definitely established 
by the researches of Burr and Burr at the University of 
Minnesota. Within the past four years they have 
described a deficiency disease in rats characterized by 
scaly skin, hair shedding, and hemorrhagic spots and 
sores on the skin. The disease can be prevented or 
cured by addition to the diet of small amounts of 
certain fatty acids. More recently they have reported 
that the acids which are of specific curative power are 
linoleic and linolenic. Their work has been corrobo- 
rated by Evans and Lepkovsky at the University of 
California, who further point out that fatty acids with 
more than one double bond are particularly efficient in 
this respect. Linoleic acid has two double bonds, 
linolenic three, while the more common oleic acid has 
only one. 


MINERALS 


The mineral elements have come in for their share 
of attention from nutritional workers, largely within 
the past two decades. As recently as 1917 Armsby 
referred to “the somewhat prevalent idea that rations 
(for cattle) adequate in other respects may be assumed 
to contain a sufficiency of ash ingredients.” He con- 
tinued—“‘this is doubtless true of animals living in a 
state of nature but it is a questionable assumption 
under the artificial conditions to which many farm 
animals are subjected... .’’® 

Observations are recorded, extending back to the 
time of Aristotle, on the relative superiority of certain 
regions for stock raising. The classic example is that 
of areas where the soil is derived from the weathering of 
limestone. Research has demonstrated the reason 
underlying these observations by showing that crops 
grown on soils relatively rich in lime, phosphorus, and 
other minerals contain larger amounts of these minerals 
than do the same kinds of crops grown on relatively 
poor soil. 

Pioneers in mineral research were Babcock and his 
colleagues at the University of Wisconsin. In a series 
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of experiments which were begun about 1910 and which 
continued for several years they demonstrated the 
failure, particularly for reproductive purposes, of 
rations restricted to the wheat plant or the oat plant 
and their by-products, and noted that this failure could 
be corrected by supplementing the ration with salts of 
calcium. 

Somewhat later Forbes and his co-workers at the 
Ohio Agricultural Experiment Station showed that 
heavily milking cows, particularly in the early stages of 
lactation, almost invariably excrete more calcium than 
they take in in their feed and quite often more phos- 
phorus, and that these overdrafts are not made good 
until such time as the animal gets down to 10 pounds 
daily of milk production and during the dry period. 
The necessity for liberal feeding during a dry period of 
at least two months, if milk production in the subse- 
quent lactation is not to be seriously curtailed, was thus 
made evident. 

Turning to human nutrition, we find that in 1920 or 
soon thereafter Sherman conducted a series of studies on 
dietary calcium and phosphorus. He concluded that 
normal diets are adequate as respects phosphorus but 
may not supply sufficient calcium. He suggested that 
children require an intake of a gram of calcium daily 
to insure proper skeletal development. A quart of 
milk a day, together with that supplied from other 
normal sources, will furnish this amount. 

Numerous investigators have drawn attention to the 
importance of a proper balance between calcium and 
phosphorus in the diet. The theoretical ideal ratio is 
around 2:1, the ratio in which these substances occur in 
bone. Considerable latitude is permissible here but 
there is evidence that nutritional disaster will occur if 
the ratio be too wide. 


IRON, COPPER, ETC. 


Much stress has been placed in the last few years on 
the réle, first of iron, and more recently of copper, in 
nutritional anemia. Iron has long been recognized as 
essential for the formation of hemoglobin, and it is now 
known that many of our foods are poor in that element. 
Milk, the ideal food in almost all other respects, has a 
very low iron content. The popularity of spinach in 
recent years is due, in part at least, to the discovery that 
it is relatively rich in iron. A very satisfactory dietary 
source of iron is liver and that food is now widely used 
in the treatment of anemia. 

The need for traces of copper in the diet has been 
pointed out by Hart and his colleagues at the University 
of Wisconsin. They have shown that it is essential to 
hemoglobin formation and that, be it ever so rich in 
iron, an experimental diet will produce anemia if 
copper is not present in minute amounts. 

It is an interesting sidelight to note here that copper 
is the principal metal required for formation of the 
blood pigment, hemocyanin, in some of the lower forms 
of life such as the Crustacea (lobsters, shrimps, and 
crabs). Since the significance of copper was discovered 
speculation has been rife as to the possible réle of other 
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elements which are found in traces in foods, such as 
manganese and zinc. McCollum is authority for the 
statement that manganese is essential to proper func- 
tioning of the mammary gland in lactating females, but 
that zinc is not necessary for growth or health in labora- 
tory rats. 


IODINE 


Even such a sketchy review of the subject as this 
would not be complete without mention of the element 
iodine. That the endemic disease known as simple 
goiter is somehow related to a deficiency of iodine in the 
diet was recognized as long ago as 1830, and the ele- 
ment has been used by physicians in treatment of 
that disease for many years. Only very recently, 
however, has the function of iodine come to be clearly 
understood. In 1895 Baumann discovered the pres- 
ence of iodine in the thyroid gland in relatively large 
amounts. Practically all of the iodine present in the 
body is concentrated in the thyroid, and the researches 
of Kendall at the Mayo Foundation and Harington in 
London culminated in 1926 in the definite isolation 
from that gland of the hormone, thyroxin, and the 
determination of its chemical constitution. This 
hormone, a complex amino acid, with both closed and 
open-chain carbon structures in its make-up, contains 
four atoms of iodine in each molecule, and has been 
very definitely proved to be a regulator of the rate of 
body metabolism. Deficiency of iodine in the diet 
results in a deficiency of thyroxin, accompanied by the 
familiar enlarged thyroid gland of the goitrous person, 
and a definite lowering of the basal metabolic rate. In 
regions near the ocean goiter is relatively rare, sup- 
posedly for the reason that sufficient iodine from the sea 
water finds its way a considerable distance inland in one 
way or another. But in many inland sections the 
disease is so prevalent that a definite program involv- 
ing the regular feeding of small amounts of iodine to 
humans and animals alike has been adopted. In this 
country the principal goiter belts are in the Great Lakes 
region from Ohio to Wisconsin and also in Iowa, Mon- 
tana, and the Rocky Mountain region generally. 


THE VITAMINS 


Lastly, we come to the vitamins, the latest discovered 
members of the nutrition family. Despite their recent 
discovery probably more research is being carried on in 
this particular phase of nutrition than in any other. In 
1932 alone upward of a thousand papers appeared in 
the literature reporting results of vitamin studies. 

Such deficiency diseases as beri-beri, scurvy, and 
pellagra have been familiar to medical men throughout 
the world for centuries, and in a vague sort of way it 
was realized long since that the nature of the diet had 
something to do with these scourges. It was not 
until 1897, however, that the relation was definitely 
proved experimentally. In that year Dr. C. Eijkman 
of the University of Utrecht in Holland, while working 
at a hospital in the Dutch East Indies, produced experi- 
mental beri-beri (polyneuritis) in fowls by feeding them 
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an exclusive diet of polished rice, and then proceeded 
to cure the disease by adding the rice polishings (the 
germ and pericarp) to the ration. Little attention, 
however, was paid to Eijkman’s results until, about a 
decade or so later, Funk confirmed the earlier work by 
preparing from rice polishings, and also from brewer’s 
yeast, a substance that was very potent in the pre- 
vention and cure of beri-beri. Funk coined the name 
‘‘vitamine”’ for his product and it later became known 
as vitamin B. 

In the meantime (1906) Hopkins of England had 
concluded as a result of his findings that “no animal 
can live upon a mixture of pure protein, fat, and carbo- 
hydrate, and even when the necessary inorganic 
material is carefully supplied, the animal still cannot 
flourish.’ 

Within the past decade vitamin B has been found 
to contain two factors, the anti-neuritic factor now 
referred to as B, or Bi, and a factor variously referred to 
as Bz, or vitamin G, of which more later. Vitamin B is 
water-soluble and fairly stable to heat and oxidation. 
Its most potent source is yeast and it is abundant in 
whole grain cereals, wheat bran, wheat germ, and egg 
yolk. Despite two decades of intensive research its 
chemistry is not yet worked out. It contains both 
nitrogen and sulfur and is thought to have a pyridine or 
quinoline nucleus. 


Vitamin A 

Continuing in historical, although not in alphabetical, 
sequence, we find that vitamin A was discovered inde- 
pendently and almost simultaneously in 1915 by Os- 
borne and Mendel at New Haven and by McCollum 
and Davis at Wisconsin. They found that they could 
not rear rats successfully on diets consisting of such 
purified food substances as casein, starch, lard, and 
salt mixtures, but that if milk, butter, or egg, or ex- 
tracts of these were added to the diet the rats made 
satisfactory growth. This inability to grow normally 
was at first the principal index of vitamin A deficiency, 
but later work has shown that this vitamin protects 
specifically against an eye disease known as xeroph- 
thalmia. There is also evidence that it aids in building 
up resistance to infections of the respiratory tract. 
Vitamin A is soluble in fats and is fairly stable to heat, 
but is readily destroyed by oxidation. Its most potent 
source is cod- and other fish-liver oils. It occurs abun- 
dantly in milk, butter, eggs, and green vegetables. 
Within a year or two it has been quite definitely estab- 
lished by Karrer and others that the immediate pre- 
cursor of vitamin A in foods is carotene, a yellow 
pigment obtained from carrots and other vegetables. 
This compound has the empirical formula CyHss. The 
molecule contains eleven double bonds, and consists of 
two ionone rings linked together by a long carbon chain. 
By the action of the liver this chain is cut in two anda 
molecule of water is added to each half so that the for- 
mula of the vitamin itself is considered to be CoH300. 
It is classed as a polyene alcohol. 
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Vitamin C 

That scurvy is due to the absence from the diet of a 
definite chemical entity was finally established about 
1919 or 1920, and the essential factor was labeled as 
vitamin C, the antiscorbutic factor. No one in- 
vestigator or group of investigators can be credited 
with its discovery; several independent. workers have 
contributed to the final result, notably Holst and 
Frélich in Norway, Chick and Hume in England, Hess 
and his coworkers at Bellevue Hospital, New York, and 
Parsons at The Johns Hopkins University. Guinea pigs 
and monkeys, being particularly susceptible to the dis- 
ease, were and still are used largely for scurvy studies. 
Holst and Frélich were the first to point out the connec- 
tion between experimental scurvy in guinea pigs and 
human scurvy. 

Vitamin C is the least stable of all the vitamins, 
being readily destroyed by heat and oxidation. It is 
most abundant in the juices of citrus fruits, in tomatoes, 
and in cabbage, while many other fresh fruits and vege- 
tables contain considerable quantities of it. Since the 
isolation of vitamin C in crystalline form it has been 
given the name ascorbic acid, formerly believed to be a 
hexuronic acid. This isa relatively simple organic acid, 
having the formula CsHsO,, and is closely related to the 
simple sugars. 


Vitamin D 

Rickets has been a scourge of infancy and childhood 
ever since civilization became at all complex. The 
value of cod-liver oil in its treatment was recognized 
soon after the discovery of vitamin A and it was at first 
thought that this vitamin was the curative agent in- 
volved. The issue was further confused by the knowl- 
edge that in some way sunlight operated to prevent the 
onset of the disease, for it had been observed for a long 
time that the disease was most prevalent in winter and 
among children kept in crowded tenements or elsewhere 
with a minimum of exposure to sunlight. Finally, 
along about 1922 to 1924, the solution of the problem 
was arrived at by the combined efforts of such men as 
McCollum, Steenbovk, Hess, and their associates in 
this country, and of Mellanby and Drummond in 
England. It was found that cod-liver oil contains a 
second vitamin which has been labeled vitamin D, 
which possesses the power to promote proper calcifica- 
tion of the bones in growing children and animals; that 
this vitamin is closely related chemically to the higher 
alcohol ergosterol which is a normal constituent of 
animal fat, especially the fat contained in the skin; that 
ergosterol when acted upon by the sun’s rays is con- 
verted into the vitamin; and that the particular frac- 
tion of the sun’s rays possessing this activating power is 
found in the ultra-violet region. Hence, several 
methods of arriving at the same result, 7. e., the building 
of strong bones and teeth, present themselves. 

(1) The feeding of cod-liver oil or other fish-liver 
oils, such as halibut oil. 

(2) Irradiation with ultra-violet light of the food 
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of human beings to activate the ergosterol contained 
therein. 

(3) Direct irradiation of the human body, either 
by artificial means or by exposure to direct sunlight. 

(4) Irradiation of such animals as dairy cows to 
increase the vitamin D content of their milk, or irradia- 
tion of their food which accomplishes the same purpose 
more effectively. 

Vitamin D is fat-soluble and more stable than vitamin 
A. It is the scarcest of the vitamins, As already 
pointed out, its best sources are the liver oils of certain 
species of fish. Some is also present in butter, egg 
yolk, and salmon oil. Plant sources as a class are very 
low in it. Its precursor, ergosterol, is a monohydroxy 
alcohol having the formula C»;H,OH. 


Vitamin E 

Vitemin E, discovered by Evans and Bishop in 
California in 1923, is known as the antisterility vitamin, 
its absence resulting in reproductive failure. The 
specific result of its absence is the death of the embryo in 
the later stages of gestation, and its resorption by the 
placenta. Like vitamins A and D it is fat-soluble and is 
quite resistant to the action of heat, light, and air. 
Its best source is the oil of wheat germ; it occurs in 
considerable amounts in lettuce, and is reasonably well 
distributed in other foodstuffs. Compared with the 
other vitamins, very little research has been or is being 
done on it. Nothing is known regarding the chemistry 
of it. : 


Vitamin G 

Vitamin G, the most recently discovered of this 
interesting alphabet, has been briefly referred to al- 
ready as vitamin B2. It is considered by some authori- 
ties to be the preventive or curative factor in pellagra 
and was first demonstrated as such by Goldberger of 
South Carolina in 1925 and named in honor of him. He 
referred to it himself as the P-P factor (pellagra- 
preventive). There is now, however, considerable 
doubt as to its function in this respect. Closely associ- 
ated with By, in the old vitamin B complex, it is distin- 
guished from the former principally on the basis of 
its much greater stability to heat. Its most potent 
source is yeast, but it is also found in such glandular 
tissues as liver and kidney, in many green vegetables, 
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and in the muscle of animals and fish. Its chemical 
constitution is unknown. 


SUMMARY 


Our present knowledge of nutrition was recently 
summed up by McCollum’ when he pointed out ‘‘that 
an adequate diet must provide at least thirty-seven 
relatively simple substances,”* omission of any one of 
which will result in nutritional failure. This list in- 
cludes in addition to an adequate supply of energy-pro- 
ducers (1) eighteen amino acids, the body being capable 
of synthesizing the other two listed; (2) eleven mineral 
elements; (3) six vitamins; and (4) one unsaturated 
fatty acid. Happily, a varied diet supplying sufficient 
amounts of energy and supplemented with the so-called 
“protective foods” (milk, eggs, fresh fruits, and green 
vegetables) will supply our dietary needs very satis- 
factorily. 


THE CONTRIBUTION OF NUTRITION TO SOCIETY 


It seems appropriate to mention, in closing, the con- 
tribution to human welfare which has resulted from 
all these discoveries. In the battle against disease and 
the constant effort to alleviate suffering and promote 
human welfare, the part played by research in nutrition 
is beyond reckoning. No longer need children grow to 
maturity with bodies deformed by rickets, or with teeth 
ruined by decay. No longer need people succumb to 
the ravages of pellagra, scurvy, or beri-beri. The 
riddles of goiter, of anemia, of diabetes have been 
solved, and the individual who will use reasonable in- 
telligence in the choice of his diet can thereby add years 
to the span of his life. 

In this very imperfect review an attempt has been 
made to picture the progress of the science of nutrition 
since the time of Lavoisier, a century and a half ago. 
It goes without saying that the horizon of this, as of all 
other sciences, will continue to be pushed back in- 
definitely, but he would be a bold prophet indeed who 
would attempt to predict the state of knowledge on 
the subject one hundred fifty, or even fifty, years 
hence. 

7 McCotiuM, E. V., ‘‘Where we stand now in our knowledge 
of nutrition,” The Med. Searchlight & Sci. Bull., 8 (Jan., 1982). 

* Since McCollum made this statement, the twenty-first 


amino acid, citrulline, has been added to the list, which, if in- 
dispensable, would increase the number of substances required to 


thirty-eight. 








The practice of that which is ethically best—what we call goodness or virtue—involves a course of conduct which, 
in all respects, is opposed to that which leads to success in the cosmic struggle for existence. In place of ruthless 
self-assertion it demands self-restraint; in place of thrusting aside, or treading down, all competitors, it requires 
that the individual shall not merely respect, but shall help his fellows; its influence ts directed, not so much to the 
survival of the fittest, as to the fitting of as many as possible to survive. It repudiates the gladiatorial theory of exis- 


tence. 


It demands that each man who enters into the enjoyment of the advantages of a polity shall be mindful of his 


debt to those who have laboriously constructed it; and shall take heed that no act of his weakens the fabric in which he 
has been permitted to live. Laws and moral precepts are directed to the end of curbing the cosmic process and remind- 
ing the individual of his duty to the community, to the protection and influence of which he owes, if not existence ttself, 
at least the life of something better than a brutal savage-—HuxLrEy 
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A PROPOSED REARRANGE- 


MENT of the SUBJECT MATTER 
of ELEMENTARY CHEMISTRY’ 


G. WAKEHAM 


University of Colorado, Boulder, Colorado 


HEMISTRY enters so intimately into almost all 
C aspects of everyday life that every intelligent 
person should know something about it. Chem- 

istry teachers and textbook writers, however, have 
introduced so much abstruse theoretical and technically 
difficult matter into the first part of the beginning 
course that many prospective students are scared away 
from the subject while a large proportion of those who 
“take” it obtain no clear or permanent ideas concerning 
it. No other branch of scientific instruction has been 
the butt of so many gibes and reproaches from former 
students who, in later life, became critical and articulate 
enough to express themselves effectively on the subject. 

Two types of elementary chemistry instruction are 
clearly called for: first, a general, largely empirical, 
descriptive, or “cultural’’ course for all students; 
second, a more theoretical course for those intending to 
become chemical ‘‘majors’” and those who need a 
sound knowledge of chemical theory as a basis for their 
special work in other fields, such as engineering, medi- 
cine, physics, biology, geology, etc. Many schools 
find it economically impossible to give these two 
courses. It is the purpose of this paper to suggest how 
they may be effectively combined, so that the demands 
of both classes of students will be met. 

The plan recommended involves, approximately, an 
inversion of the present conventional order of present- 
ing the subject matter. Gray, Sandifur, and Hanna 
have made a start in this direction in their high-school 
chemistry text. They begin with a presentation of 
the physical properties of the metals. The present 
writer would extend this idea to include all of the 
common liquid and solid elements, both metallic and 
non-metallic, and point out the differences between 
these two types of substances as the first step in the 
classification of the different kinds of matter. 

The next important point to attack is the nature of 
chemical reaction. A traditional method of approach- 
ing this subject is to contrast chemical with physical 
changes. The common blunder made in this connec- 
tion is the use of vaporization and solution phenomena 
which in most cases involve molecular—. e., chemical— 
changes as well as phase transformations. It is also 
often alleged that chemical changes are more ‘“‘per- 
manent” than physical changes, in spite of the fact 
that many chemical changes are readily, reversible. 





* Presented at the Twelfth Midwest Regional Meeting of the 
A. C. S., Kansas City, Mo., May 4, 1934. 
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The most important characteristic of chemical action 
is the strictly quantitative nature of the relations be- 
tween the substances involved. This feature can 
hardly be over-emphasized. Students cannot be too 
early inducted into the use of the balance—a process 
the meaning of which they readily grasp—and reason- 
ably accurate balances doubtless constitute the most 
important item of laboratory equipment. 

The present writer objects to most of the experiments 
commonly used to lead up to the law of definite propor- 
tions because they involve the manipulation of gases, 
or at least a clear concept of the nature of the gaseous 
phase. This objection applies to the analysis and 
synthesis of water, the heating of limestone, the cal- 
cination of magnesium or some other metal, the use of 
the reversible reaction of mercury with oxygen, etc. 
The writer prefers for this purpose some simple reaction 
between solid (or liquid) elements, such as sulfur and 
iron. A logical, simple, and convincing deduction of 
the law of definite proportions, leading up to the atomic 
theory, can be based upon the gravimetric results of 
such experiments. Beginning students usually find 
the law of multiple proportions unintelligible, and it is 
not necessary to the presentation of atomic theory. 

The heat effects involved constitute the second most 
important characteristic of chemical reaction. A 
touch of the “‘heuristic’’ method may well be used here. 
Throughout the ages, combustion was one of the most 
important and puzzling of philosophical problems. 
Stahl’s approach to this question was probably the 
first rational, clearly stated theory in the history of 
chemistry. Some daring teachers actually lead their 
classes through the whole phlogiston period, giving 
them the theory without any warning of its fallacious 
nature, letting them carry out calcination and reduc- 
tion experiments to ‘‘prove”’ the theory, and then allow- 
ing them to demonstrate its improbability by simple 
modifications of Lavoisier’s crucial work. 

This is a very effective method of allowing the con- 
cept of ‘‘gas’” to develop in the student’s mind. One 
of the commonest mistakes made by teachers and text- 
book writers is the easy assumption that the average 
student already has a clear notion of what a gas is. 
Students can memorize gas laws and learn to work—by 
formulas—gas-law problems without having the slight- 
est idea of what they are doing. It takes some time 
for most students to realize that gases are definite 
substances with definite physical and chemical proper- 
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ties, that they can be measured, both volumetrically 
and gravimetrically, that they can be taxen up by liquid 
and solid elements in chemical reactions and expelled 
again by suitable means, and that they can combine 
to form liquid and solid substances. This is at first all 
very mysterious to the beginner. 

The present writer would devote the first six weeks, 
at least, of his beginning course to empirical, descrip- 
tive chemistry, leading up to the atomic theory. It is 
then time enough to take up the chemical nature of 
water, the gas laws, Avogadro’s hypothesis, kinetic 
theory, etc. When an adequate foundation has been 
laid, the systematic treatment of the elements—usually 
occupying the latter part of the course—can be rapidly 
presented, and no time, in the end, need be lost. A very 
satisfying feature of this plan is that most students, 
after observing and learning a considerable number of 
new and surprising facts, develop an intense curiosity 
and fairly ‘‘eat up” theory as soon as they realize the 
necessity of finding some explanation of what they have 
seen. The common attempt to impose theory upon 
them at the outset, for its alleged “‘philosophical”’ 
value, and the subsequent endeavor to “‘illustrate’”’ the 
theory by means of involved, complicated experiments, 
seems to this writer to be a complete inversion of 
rational pedagogy. 

Many students stumble through a whole year of 
chemistry without ever realizing the essential chemical 
difference between metals and non-metals. This is 
another reason for introducing a classification of ele- 
ments—at once simple and fundamental—at the outset 
of the course. The question of acids, bases, and salts 
can then be taken up at an early stage, without any 
formulas or other theoretical trimmings. Perhaps the 
most striking and effective method of presenting this 
topic is to treat a metal and a non-metal simultaneously 
in the same way. Sodium, burned, gives a basic oxide; 
phosphorus gives an acid oxide. Sodium oxide plus 
water gives a base; phosphorus oxide plus water gives 
an acid. Base plus acid gives salt (plus water). 

The present writer would conclude the first half, or 
two-thirds, of his elementary chemistry course with this 
general survey of chemical fact, including very little 
theory, and that only from an empirical or descriptive 
viewpoint. Students who have no intention of special- 
izing in chemistry, or in any of the other sciences or 
callings which require chemical theory as a basis, might 
well drop the course at this point. They will have 
had enough to enable them to follow with some 
degree of comprehension the practical applications of 
chemistry to everyday life and to understand refer- 
ences to chemical phenomena which may occur in their 
general reading. The loss of students at this juncture 
will be more than compensated, the writer believes, by 
the increased proportion of those in whom will have 
been developed an abiding enthusiasm for chemical 
study, many of whom are now repelled at the outset by 
the unpedagogical, traditional ‘method of presentation. 

The latter part of the course may be organized in an 
entirely different way. If the policy outlined above 
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has been followed, the ‘‘advanced”’ class will be com- 
posed largely of students with some aptitude for 
scientific study, a specific interest in chemistry, and 
some ability for abstract thought. Having become 
familiar with many chemical reactions and relation- 
ships, they will have a reasonable chance of being 
able to understand chemical theory. They will also, 
presumably, be by this time fairly well along in their 
mathematics courses. If they have any flair at all for 
science, their curiosity will have been aroused. There 
is a real chance that the last quarter or semester, for 
such a class, can be profitably devoted to a systematic 
study of elementary physical chemistry. At this stage 
there is no need to be contented with merely verbalistic 
memorizing of definitions and theories. Nearly all 
the principles of physical chemistry can be illustrated 
by means of problems requiring no mathematics beyond 
high-school algebra. But if the student’s real com- 
prehension is to be tested, all problems should be worked 
from first principles rather than from formulas. The 
substitution of figures for letters in formulas, followed 
by “cancellation,” is perhaps the most idiotically 
fruitless academic exercise that has ever been devised. 

The present writer has found that a laboratory course 
in elementary analysis, while not directly related to the 
theoretical course at every point, is very attractive 
and profitable to students at this stage. 

There is a persistent tradition that no elementary 
chemistry course is complete without detailed de- 
scriptions of the “‘lead-chamber” and “Le Blanc’’ proc- 
esses. ‘‘Applied” chemistry looms large in most 
modern texts. Pictures of crashed dirigibles, forest 
fires, railway wrecks, and other spectacular catas- 
trophes are presented as typical examples of chemical 
reactions. While not disparaging the value of appeal 
to practical applications of chemistry, the writer feels 
that every teacher should choose those illustrations 
best adapted to the comprehension and local interests 
of his class, subordinating them to a reasonable knowl- 
edge of chemical fact and theory. 

High-school and college teachers are constantly 
being criticized for their failure to develop in students 
the scientific attitude. It has been urged that only by 
means of presentations of chemical theory at an early 
stage can the philosophical implications of the science 
be implanted. The writer is convinced that by bring- 
ing in these theories prematurely, the mind of the 
average student is merely cluttered up with masses of 
words and phrases which he has very little chance of 
understanding. If, however, a reasonable familiarity 
with the actual phenomena of chemistry is first ob- 
tained, many students will show themselves able to 
grasp the theories. They will, moreover, be intensely 
interested in the subject, and will offer the enthusiastic 
teacher many opportunities to impart the broader 
lessons which can be based upon an adequate treatment 
of any science. No teacher can afford to miss the 


inspiration which comes from contact with eager 
students and the consciousness that ‘‘virtue has gone 
out of him’’ into intensely receptive, inquiring minds. 











TESTING ABILITY ¢o 
APPLY CHEMICAL PRINCIPLES’ 


B. C. HENDRICKS 
The University of Nebraska, Lincoln, Nebraska 


R. W. TYLER anp F.. P. FRUTCHEY 
The Ohio State University, Columbus, Ohio 


ANY teachers of chemistry expect their students 
to be able to apply the facts and principles 
of chemistry which are taught during the 

course. They also expect their students to possess a 
knowledge of chemical facts and principles, to be able 
to interpret data from experimental investigations 
which are new to the students, to be able to formulate 
experiments for testing promising hypotheses, to have a 
knowledge of chemical symbols, formulas, equations, 
and valence, to be able to write and balance equations 
for chemical reactions, to be able to solve mathe- 
matical problems in chemistry, to be interested in 
activities involving chemistry, to be skilful in the use of 
laboratory apparatus. These are among the objectives 
of a course in chemistry; they are results which teachers 
expect their students to attain. 

Investigations have shown that high achievement 
of students in one of these objectives does not neces- 
sarily mean high achievement in any other objective. 
Some students who have a knowledge of chemical 
facts and principles are not able to apply the facts and 
principles to situations which are new tothem. Studies 
have shown that instructors who obtain only a measure 
of the amount of information students have cannot 
tell to what extent the students are attaining other 
objectives of the course. Yet many teachers consider 
the use of chemical knowledge more important than the 
mere possession of that knowledge. If we depend upon 
information examinations only, we cannot find out accu- 
rately how well the members of our classes are progress- 
ing, nor the difficulties individual students are having 
in learning to use the knowledge of chemistry or in 
reaching other important objectives. 

If we are to discover whether students are learning to 
apply chemical principles, we must present students 
with questions which involve the application of prin- 
ciples. One defect of many attempts to devise such 
questions has been the tendency to use situations which 
have been thoroughly discussed in class or in the text- 
books. Such questions require the students merely to 
memorize the explanations previously presented. What 
we really mean by the application of principles of 
chemistry is their use in solving problems or in ex- 
plaining situations which are new to the student, that is, 


‘ 
* Presented at the Twelfth Midwest Regional Meeting of the 


A. C. S., Kansas City, Mo., May 4, 1934 


in which the answers to the questions are ores which the 
student has not memorized during the course. There 
are two ways of defining the phrase, ‘‘application of 
principles of chemistry.” Some instructors mean by 
this that the student is able to explain why a given 
result is obtained in a certain chemical reaction. An 
example of a question which utilizes this idea of the 
application of principles is: 


A steel knife-blade is magnetized and attracts iron objects. 
Explain why, if the blade is dissolved in hydrochloric acid, the 
solution is not magnetic. 


The student is expected to answer this question by using 
appropriate principles of chemistry to explain why the 
solution is not magnetic. 

A second definition of the phrase “application of 
principles of chemistry” is somewhat different. Some 
instructors expect the student first to state the prob- 
able outcome of a chemistry problem, and then to 
explain this prediction by using appropriate chemical 
principles. An example of a question involving this 
behavior is: 


Coal gas which has not been previously mixed with air is burned 
at a gas jet. At another similar gas jet the coal gas is mixed 
with air before it is burned. Will there be any difference in the 
amount of light given off by the flames of the two gas jets? 
Why? 


The student is expected to answer this question by 
predicting the outcome of the problem. He is then to 
explain his prediction by using chemical principles 
which apply in solving the problem. 

The difference between the two definitions of the 
ability to apply chemical principles is that in the first 
illustration the outcome of a problem situation is given 
in the question and the student is asked only to give an 
explanation of the outcome. In accordance with the 
second definition of the ability to apply chemical prin- 
ciples the student is asked both to predict the out- 
come of the problem situation and to explain why the 
prediction is likely to be true. 

Principles of chemistry are used in answering both 
kinds of questions just described. Whichever defini- 
tion is used, before a satisfactory examination can be 
constructed to obtain evidence of the ability of students 
to apply chemical principles, a master list of prin- 
ciples must be collected. An initial list of principles 


611 





612 


was compiled by one of the authors from topics as- 
sembled during a series of staff conferences of a univer- 
sity chemistry department faculty. This list was 
supplemented by an analysis of college chemistry 
texts in current use. After the resulting list was 
carefully edited, it was submitted to members of a 
chemistry faculty for their criticism. Guided by 
these criticisms, the list was written and copies sent to 
teachers of college chemistry in other institutions. 
The helpful criticisms received from these teachers 
were used in improving the list of principles. This 
newly revised list was then sent for a second time to 
teachers of college chemistry for their further criticism. 
The resulting list has been prepared and will be used 
in constructing devices for obtaining evidence of the 
degree to which students can apply chemical principles. 

According to the first definition of the ability to 
apply chemical principles students are asked only to 
explain the outcome given in the question. This they 
are expected to do in their own words. An examina- 
tion in which the students write their answers is time- 
consuming to give and difficult to score accurately. 
However, this is the kind of evidence which indicates 
ability to apply chemical principles according to the 
first definition. Hence, any short-cut test which can be 
administered in less time and is easier to score ought to 
be used only if it has been found to give results similar 
to those obtained when the students write out their 
answers. A promising short-cut device with which we 
have been experimenting is one in which a given ques- 
tion is followed by a list of chemical principles. The 
list consists of true principles only; some of the prin- 
ciples apply in answering the question and others do 
not. After reading each question, students are asked 
to select and to indicate the principles which can be 
used to explain the question. Two examples of this 
kind of exercise follow: 


Directions: On the following page are numbered lists of state- 
ments which are to be used in answering the questions on that 
page. Place on the blank line, after each question, the numbers 
of those statements in the list, on that page, which help to 
answer the question. Some of the questions may require as 
many as five or more statements to answer them fully, while 
others may require only one or two. Use no more statements 
than are needed. 


Questions 


1. Asteel knife-blade is magnetized and attracts iron objects. 
Explain why, if the blade is dissolved in hydrochloric acid, 


Phe eclistinn 16 MOt MARNE. ... <6 oie eas oc bs bis ele ve Ooi an 
2. Why is potassium hydroxide not produced by the ebullition 
of ammonium hydroxide with potassium sulfate?........ 2. 


Numbered List of Statements 


In some cases solution is preceded by a chemical change. 

2. All of the substances entering into some reactions are highly 
ionized. 

3. Ammonium hydroxide solution tends to dissociate into am- 
monia gas and water more than into hydroxyl and am- 
monium ions. 

4. Metals high in the activity series dissolve in non-oxidizing 

acids by displacing hydrogen. 

Alkali bases are very soluble in water. 

A substance undergoing a chemical change may be changed 


— 
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into one or more entirely different substances with new sets 
of properties. 

7. A compound has properties different from those of the ele- 
ments which compose the compound. 

8. Increase in the concentrations of reacting 
creases the rate of their chemical reaction. 

9. Acid solutions contain hydrogen ions which are responsible 
for the acid properties of tne solution. 

10. Some metallic ions unite with hydroxyl ions and form 
sparingly soluble hydroxides. 

11. Heat applied to reacting substances and their products 
drives the most volatile substance away first. 

12. The uses to which a substance may be put are dependent 
upon the properties of that substance. 

13. Ifa solute in water solution reacts with a solid and produces 
a product insoluble in water, the reaction is soon stopped 
by mechanical interference. 

. Most salts ionize to a marked degree in water solution. 

15. The conditions necessary to bring reversible reactions almost 
to completion are: the formation of a slightly soluble gas 
or solid or of slightly ionized molecules. 

16. Acetates, nitrates, and many sulfates and chlorides are 
readily soluble in water. 

17. Hydrogen ions react with some ions such as carbonate, 
sulfide, and hydroxyl ions and form very slightly ionized 
molecules. 


substances in- 


In questions of this type the students select and 
indicate the principles which apply in answering the 
question. The exact nature of the student activity is a 
little different from the writing of original answers. 
However, when students were given questions to which 
they wrote their own answers and then were given the 
same questions to answer by the indication of appli- 
cable statements, the results were quite similar. The 
coefficient of correlation between the two examination 
devices is 0.84, which is a rather high relationship. We 
are still working on the short-cut device and experiment- 
ing with it to improve its value as an index of the direct 
evidence obtained when students write their answers in 
their own words. 

According to the second definition of the ability to 
apply chemical principles students are asked both 
to state the expected outcome of the problem and to 
explain this prediction by stating the principles which 
apply in solving the problem. Here again, short-cut 
devices which can be administered in less time and are 
easier to score should be used only after they have been 
found to give results similar to those obtained when the 
students write out their answers. A promising form 
to meet the requirement for a more practical examina- 
tion consists of a statement of the problem situation 
followed by a list of predicted outcomes of the problem, 
including those likely to happen and wrong predictions, 
and a list of principles which may be used in explaining 
the predicted outcomes. The list of principles consists 
of true principles which help to explain the answer to 
the problem, true principles which do not help to ex- 
plain the answer to the problem, and misconceptions or 
false statements of principles which if true would ex- 
plain the wrong answers to the problem. In solving 
the problem the students who can apply principles of 
chemistry are expected to react by selecting and 
checking the prediction or predictions which are most 
likely to occur and by selecting and checking the 
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principles which explain these predictions. Two ex- 
amples of this form of question follow: 


Directions: In each of the following exercises a problem is 
given. Below each problem are two lists of statements. The 
first list contains statements which can be used to answer the 
problem. Place a plus sign (+) in the parentheses after the 
statement or statements which answer the problem. The second 
list contains statements which can be used to explain the right 
answers. Some of its statements are true but do not exp‘ain 
the right answers; do not check these. In doing these exerc ses 
then, you are to place plus signs (+) in the parentheses after 
the statements which answer the problem and which give the 
reasons for the RIGHT answers. 


1. Coal gas which has not been previously mixed with air is 
burned at a gas jet. At another similar gas jet the coal gas 
is mixed with air before it is burned. Will there be any 
difference in the amounts of light given off by the flames of 
the two gas jets? Why? Ifa cool aluminum pan is placed 
over each flame will there be any difference in the amounts 
of soot deposited on the pans in the two cases? Why? 

The flame at the first gas jet will give off: 

a. More light than the flame at the second gas jet..( )a. 

b. The same amount of light as the flame at the second 
GONE ace Sah Oe pt aad eat Od hos astena aie Seeks €: )b. 

c. Less light than the flame at the second jet... . .( )e. 

The soot deposited by the first gas jet will be: 

d. More than that deposited by the second gas jet..(_ )d. 

e. Less than that deposited by the second gas jet...(  )e. 

Check the following statements which give the reason for the 

answer or answers you checked above. 

f. Incomplete combustion leaves some uncombined 


CQSNGIE HT CHO UNIDOS «cco siec cis colen pip cees esters C 
g. The presence of nitrogen retards combustion..... Aare 
h. Particles of uncombined carbon glow when heated .(  )h. 
i. Combustion is more complete in the first flame...(_ )i. 
j. The amount of air mixed with the gas does not 

affect the amount of light produced by the burning 

GS hi «0 Ment eee ieee Nonisiaindate tte eee: Cyr 
k. Some uncombined carbon in a flame is deposited 

on a cool surface placed in a flame.............. ( )k. 


2. The equation for the reaction by which methanol (methyl 


alcohol) is prepared from carbon monoxide gas and hydrogen 
gas is: 


CO + 2H, + CH;0H + heat 


In one experiment carbon monoxide and hydrogen gases are 
mixed under pressure in the presence of a catalyst and heated 
to 350°C. Ina second experiment the same quantities of 
carbon monoxide and hydrogen gases are mixed under the 
same pressure and in the presence of the same catalyst and 
heated to 1500°C. Will there be any difference in the 
reaction, and why? 
a. The reaction in the second experiment will proceed 

less rapidly than the reaction in the first experi- 


b. A smaller amount of methanol will be obtained in 

the first experiment than in the second experiment .(__)b. 
c. The reaction in the second experiment will proceed 

more rapidly than the reaction in the first experi- 


WOME ie ccc e ed ool Rite a HAWA Ts 6 SOULE SEY CUES )e 
d. The amount of methanol will be the same in both 
GEMAT IMO ES 5 a5 o's. occ eo hiks ore lela) aides) betes ( )d. 


e. A larger amount of methanol will be obtained in 
the first experiment than in the second experiment.(_ )e. 
Check the following statements which give the reasons for 
the answer or answers you checked above. 
i Temperature has no effect upon the rates of the 
reactions in these experiments.............. LG ye 
g. In this chemical reaction, an increase in tempera- 
ture favors the rate of the reaction decomposing 
the product...... jhe Nae OO ETRE PAU EL CE Cae (dg. 
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h. Some catalysts retard the rates of chemical changes(__)h. 
Raising the temperature increases the rate of the 


me 


GHMSCICG EF TUMOTHEN ec sc cece cceacenete ost ( )i. 
j. Some catalysts increase the rates of chemical 
CRMMGRM Ae 05 loon eo ches eke eeu eee me eo 
k. Catalysts do not undergo chemical changes’ in re- 
BGI ot oot cee a va ou Ne uita mci era Seas C.J 
1. The temperature of a reaction which evolves heat 
depends on the rate of the reaction.............. ( dL 


m. If more heat is applied to reacting substances in 
equilibrium, the equilibrium point of the reaction 
is changed so that the reactants or products which 
absorb heat are increased in ariount............. (| )m. 
n. Increasing the speed of the molecules increases the 
number of collisions of molecules in a unit of time..( _)n. 
o. The rate of a chemical reaction is increased by in- 
creasing the speed of the molecules of the reacting 
WERMOMIONEN See alo ts Naty ee eee omens wale en nes ( )o. 
p. Methyl alcohol burns readily in air.............. ( )p. 
q. Increase in the concentration of interacting sub- 
stances increases the speed of their chemical reac- 
3 (11) A A ae Se eR EP ce ee ( )q. 


The exact nature of the behavior involved when 
students respond to questions of this kind is different 
from that involved when students write in their own 
words the expected outcomes of the problems and ex- 
planations of these outcomes. However, when students 
were given questions to which they wrote their answers 
and then were given the same questions but checked 
the statements of the expected outcomes, and the state- 
ments which explained the expected outcomes, the 
results were quite similar. The coefficient of correla- 
tion between the two examination devices is 0.82. 

When the ability to apply chemical principles is 
defined in either of the two ways outlined, we have 
found that it is possible to construct examinations 
which will discover whether or not students are learning 
to use the knowledge of chemistry in solving problem 
situations. These examinations test one of the im- 
portant objectives of chemistry teaching. Evidence 
of achievement in other important objectives can un- 
doubtedly be. obtained in other appropriate ways. 
Since high achievement in one objective does not neces- 
sarily mean high achievement in another objective, 
we need to utilize tests which cover the various im- 
portant objectives of chemistry teaching. Further- 
more, it is often possible to develop short-cut devices 
which will more easily test the various aspects of 
student achievement. This ease of testing is unim- 
portant unless the short-cut device is found to give 
results very similar to those obtained when students 
write the answers to the questions in their own words. 
In the case of the two devices described, the high co- 
efficients of correlation between each short-cut device 
and its direct evidence indicates that each short-cut 
device is a useful means for obtaining evidence of the 
ability of students to apply chemical principles. As the 
project continues, other examination devices will be 
investigated to discover the most satisfactory ways of 
measuring the achievement of students in this objec- 
tive and in other important outcomes of chemistry 
teaching. 














N LEADING us from country to country and from 
I city to city, scientific congresses not only afford us 
opportunities to see new places, to admire famous 
buildings and valuable collections, to visit mining 
projects and factories, and to make the acquaintance of 
local and often very interesting industries; they also 
enable us occasionally to evoke the memories of famous 
inventors and scientists—personalities whose lives 
can be models to us and whose accomplishments an 
encouragement. 

For several of these reasons, and particularly for the 
last, the organizers of the XIIIth Congress of Indus- 
trial Chemistry could have chosen no more favorable 
locale than the capital of northern France, where we are 
now reunited. 

I shall not expatiate upon the program of visits and 
excursions which has been arranged through the 
generous coéperation of the manufacturers of this dis- 
trict. But I feel, in this opening hour of the Congress, 
a solemn obligation to recall the memory of one of our 
most illustrious compatriots—one who is intimately 
linked, through several years of association and through 
an important part of his scientific work, with the 
history of the Faculty of Sciences of Lille. 

The Faculty of Sciences of Lille is comparatively 
young, originating in a decree signed by Napoleon III 
in 1854, but ever since its birth it has shone with a rare 
and vital brilliance. Pasteur, whose discoveries in 
crystallography had already made him famous, was 
called from Strasbourg, where he held a professorate, to 
become the dean of the new Faculty, and, at the same 
time, to teach chemistry. 

Upon arriving there, he had to organize almost every- 
thing. The buildings were still under construction, 
but their ultimate inadequacy could already be fore- 
seen. Lacking a bookkeeper, the dean himself had to 
handle the registration fees of the students. But 
Pasteur was only thirty-two, and he was then, as he al- 
ways remained, an enthusiast and a tremendous 
worker. The difficulties, far from discouraging him, 
merely aroused his determination. He assumed with 
real ardor his dual réle of administrator and professor. 
In conformity with the spirit which had presided over 
the founding of the new Faculty, he combined, in a 
large measure, experimental demonstrations with 
teaching by lectures, He invented practical exercises 
which he made accessible to all his hearers. This was a 
great success, pr ofitable alike to scientific amateurs 
and to future professors and industrialists. They 
crowded the classrooms and the laboratory. 


* Address delivered at the XIIIth Congress of Industrial 
Chemistry at Lille, France, September, 1933. We are in- 


debted to Dr. Atherton Seidell for negotiating permission to 
publish this paper and for providing us with the manuscript. 
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To this combination of theoretical and practical 
teaching, accomplished within the all-too-narrow con- 
fines of the Faculty, Pasteur added visits to industrial 
plants. From this sprang a mutual understanding be- 
tween the professor and the technicians of the district. 
And one day, as a just recompense for so much effort 
and unselfishness, Pasteur received a visit which was 
to lead him to one of his finest and most fertile dis- 
coveries: the vital origin of fermentations. 

At this time the term fermentation was applied to 
numerous natural phenomena quite varied in detail but 
possessing a common characteristic—the apparently 
spontaneous transformation of organic matter. 

The most anciently known fermentation-type was 
vinous or alcoholic fermentation, with release of car- 
bonic gas. Bread fermentation, which converts the 
dough coming from the kneading-trough into a spongy 
mass, was soon included in the class because of the 
evolution of gas which accompanies it. Then, by 
generalization, there were gradually inducted into the 
same group of phenomena the transformation of wine 
into vinegar, the souring of milk and broth, and so 
forth; the point had been reached where putrefactions, 
and even diseases, were entered in the same category. 

Various theories were advanced, as one might im- 
agine, to explain the cause and nature of fermentations. 
In the time of Pasteur at Lille, two in particular were 
considered credible. According to the first, pro- 
pounded by the famous Swedish chemist Berzelius, 
fermentations were catalytic reactions due solely to the 
contact of a substance which ought to be entirely re- 
coverable, without change of weight or modification of 
any sort, at the end of the transformation. According 
to the other, supported by the no less famous German 
chemist von Liebig, fermentation was a matter of 
activation imparted to the fermentable substance by 
an organic material in decomposition—a view implying 
the disappearance of the activating agency. Natural- 
ists had often noticed in liquids undergoing the process 
of vinous fermentation the existence of small globules 
susceptible to reproduction by budding, but Liebig 
countered the inference which might have been drawn 
from this fact with the observation that if the globules 
were alive they must necessarily die and that they would 
then interfere by the very fact of their decomposition. 
He added with assu ance that even if such globules 
had been seen in juices which were undergoing vinous 
fermentation, there was nothing at all like them in the 
other fermentations—lactic, acetic, and so forth—and 
that they need not, therefore, be taken into account. 

Not only did these theories have a metaphysical char- 


acter which made discussion of them difficult, but 
they were devoid of practical implications and there- 
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fore incapable of serving as guides to anyone interested 
in carrying out, with good results, a controlled fer- 
mentation. 

There the matter stood when Pasteur received a 
visit from Bigo, a beet distiller whose plant was situated 
in the rue d’Esquernes in Lille. This manufacturer 
and many others of the district, in the summer of 1856, 
had suffered frequent reverses in the course of their 
business. Instead of giving forth only alcohol and 
carbonic gas, the beet juice was also creating lactic 
acid in greater or smaller quantities, and the yield of 
alcohol diminished accordingly. What was the cause 
of this disturbance, and could it be made to disappear? 
That is what the manufacturers asked the savant. 

Pasteur set himself with diligence to the study of 
this difficult question. He made frequent visits to 


Annales dela Brasserie et de la Distillerie 


FicurE 1.—PHOTOMICROGRAPH OF LIVING ALCOHOLIC 
Yeast (1000) 


the rue d’Esquernes, multiplied his observations as well 
at the plant as in the laboratory, carried on experi- 
ments of all sorts, and discovered at last this vital 
fact: when the beet juice fermented in a normal man- 
ner it contained, in abundance and almost exclusively, 
rounded and budding globules; but when the fer- 
mentation was defective there were also very small, 
elongated globules, very difficult to see and more 
numerous as the alcoholic fermentation diminished. 
Was it a matter of the transformation of the globules 
from one type into the other, or were there two kinds 
of globules, each causing a characteristic fermentation? 
Pasteur recognized the great importance of this 
question, and realized how far he had already advanced 
beyond the conceptions of Berzelius and von Liebig, 
foresaw what effort he must put forth to obtain an 
incontrovertible answer—all the steps, in short, which 
would not fail to yield results. From then on he ap- 
plied himself to a detailed study of each kindof globule. 
Those of lactic fermentation, whose existence had 
hitherto escaped the notice of all observers, held his 
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attention first; the proof of their existence and of their 
action must have great demonstrative force. 

At that time, wher one wished to prepare lactic 
acid one added powdered chalk and nitrogenous organic 
matter, such as white cheese, gluten, or animal mem- 
branes, to sugared water. The sugar was converted 
into calcium lactate; at the same time the organic 
matter disintegrated, forming with the undissolved 
chalk an indistinct magma in which it was very difficult 
to recognize the microscopic globules which Pasteur 
had rightly suspected were present. There were at that 
time no microscopes as powerful or as perfect as those 
of today. The useful technic of staining did not then 
exist, and Pasteur had need of all his inner light, his 
patience, and that astuteness which had already helped 
him to discover the hemihedral facets of tartaric acid 
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FIGURE 2.—PHOTOMICROGRAPH OF LIVING LACTIC 
Actp FERMENT (1500) 


crystals, in order to recognize the existence of the 
hitherto unknown globules of lactic fermentation. 

In order to bring the infinitely tiny globules into 
evidence, Pasteur conceived the ingenious idea of in- 
oculating a nutritive and clear liquid with a little of the 
magma of an ordinary lactic fermentation in such a way 
that, if there were living globules, these globules could 
multiply and become recognizable without being 
confused with the nitrogenous organic matter. 

After a series of failures, the attempt succeeded. 
Pasteur could then see once more the tiny globules 
which he had discovered in the souring beet juice. 
Diluted in the pure sugared water, the little globules 
acidulated it, but slowly, because the acid formed 
hampered their action. When chalk was introduced 


to neutralize the lactic acid, the transformation of the 
sugar was accelerated and became complete. Fur- 
thermore, if nitrogenous organic matter was added, 
the globules multiplied rapidly and could be gathered 
in quantities increasing in proportion to those of the 
sugar and the nitrogenous matter. Finally, these 
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globules were killed and lost all their action when they 
were dried or heated to the temperature of boiling 
water. 

There was no longer any doubt. Fermentation was 
not attributable, as Berzelius had supposed, to the 
simple contact of a problematic substance whose com- 
position and quantity remained invariable throughout 
the duration of the phenomenon, nor, as von Liebig 
had believed, to a dismemberment by communication 
under the influence of organic matter which decom- 
posed and disappeared in proportion; it was attribut- 


FIGURE 3.—DISPLAY OF OBJECTS AND 


able, on the contrary, to the interference of a living 
organism which one could see with a microscope, which 
one could isolate and cultivate in a suitable nutritive 
medium, and which, in the course of its development, 
acted in an absolutely specific fashion on the ferment- 
able matter. 

The memorable report in which these researches were 
described was presented to the Society of Sciences of 
Lille in the month of August, 1857. It may be con- 
sidered the introduction to a new science—micro- 
biology—thus created by Pasteur. This report was 
followed, as we all know, by many others on alcoholic, 
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acetic, and butyric fermentations, on the diseases of 
wines, and on those of silkworms, cattle, and men. 
It led its indefatigable author on to impassioned labors 
on spontaneous generation and sterilization, and finally 
to the immortal discoveries of virus, vaccination, and 
the treatment of rabies. 

With what keen interest and deep emotion we should 
all have visited the workroom from which Pasteur pre- 
sided over the early beginnings of the Faculty of Sciences 
of Lille, the laboratory in which the young chemistry 
professor realized, with the simplest of means, the mag- 
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PRODUCTS FROM PASTEUR’S LABORATORY 


nificent discovery of the vital origin of fermentations! 
Unhappily, several weeks after the invasion of Lille 
by the German army during the night of the 28th and 
29th of August, 1914, the building of the old Faculty 
of Sciences which had contained the revered work- 
room and laboratory was destroyed by fire. Nor can we 
ever again visit the ancient plant in the rue d’ Esquernes, 
swallowed up in the changes of the city. 

But in default of these material souvenirs, whose 
locations will, I hope, some day be marked in bronze or 
marble, there remain several relics which M. Maige, 
the distinguished dean of the Faculty of Sciences of 
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Lille, has gladly displayed to the Congress—a touching 
courtesy for which we thank him most heartily. Not- 
able among these relics is the microscope with the aid of 
which Pasteur first recognized the elongated globules of 
lactic fermentation. 

In addition you may see, in the middle of a city full 
of such beautiful commemorative monuments as 
Pasteur could never have imagined, an Institute in 
which is given theoretical and practical instruction in 
bacteriology, and in which the innumerable outgrowths 
of the discoveries of the master are constantly followed 
up. 

In honor of the time during which Pasteur lived in the 
noble capital of northern France, of the splendid work 
which he did there, and of the imperishable glory 
which he attained, the members of the XIIIth Congress 
of Industrial Chemistry are happy to congratulate the 
University of Lille, whose guests they are today, and 
to hail with the greatest admiration and the most pro- 
found appreciation the memory of the first and famous 
dean of her Faculty of Sciences. 


SCHEMATIC TABLES TO ILLUSTRATE 
CHEMICAL EQUILIBRIUM 


A. S. FEDOROW 


Chemical-Technological Institute, Charkow, U.S. S. R. 


ET US consider a reversible monomolecular re- 
action: 


AsS>B 


Let the initial concentration of the first substance (A) 
be 100, the initial concentration of the second sub- 
stance (B), 100, the velocity constant of the first re- 
action (from left to right) k; be 0.5, the velocity con- 
stant of the second reaction (from right to left) ke be 
0.3. Such great values for the velocity constants are 
chosen in order to accelerate the establishment of the 
equilibrium and shorten the tables. 

During the first unit of time, as a result of the reac- 
tion from left to right, the concentration of the sub- 
stance A is decreased and the concentration of the 
substance B is increased by 50 units of concentration, 
but during the same interval of time the concentration 
of the substance B is decreased and the concentration 
of the substance A is increased by 30 as a result of the 
reaction from the right to the left. At the end of the 
first unit of time the concentration of the substance A 
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is 100 — 50 + 30 = 80, the concentration of the sub- 
stance B is 100 — 30 + 50 = 120. 

During the second unit of time, as a result of the re- 
action from the left to the right, the concentration of 
the substance A is decreased and the concentration of 
the substance B is increased by 40, but during the same 
time, as a result of the reaction from right to left, the 
concentration of the substance B is decreased and the 
concentration of the substance A is increased by 36. 
At the end of the second unit of time the concentration 
of the substance A is 80 — 40 + 36 = 76, the concentra- 
tion of the substance B is 120 — 36 + 40 = 124. 


In this way we can construct such a table as follows. 


Time ACA Ca _ ACB CB 
0 “ 100 oe 100 
1 — 50 80 +50 

—30 

+40 

— 36 

+38 

—37.2 


+30 

—40 76 
+36 

—38 

+37.2 

— 37.6 

+37.4 

—37.5 

+37.5 


—37.4 


It is easy to see that: 

1. At the fifth unit of time we have a chemical equi- 
librium, as the loss of concentration of the substance A 
as a result of the reaction from left to right is the 
same as the increase of concentration of the same sub- 
stance as a result of the reaction from right to left; the 
same is true for the substance B. 

2. The ratio of the equilibrium concentration of the 
substance A to that of the substance B is the same as 
the ratio of the velocity constant k, to the velocity 
constant k;, namely: 


ke 
=? _ K. 
hy 


Let the velocity constants of the reactions be the same 
as in the preceding case, the initial concentration of the 
substance A, 100, the initial concentration of the sub- 
stance B, 0. The changes of the concentrations taking 
place in successive units of time may be demonstrated 
by the following table: 


t 
ACB CB 


ee 0 
+50 50 
+25 60 
—15 

+20 

—18 

+19 

—18.6 

+18.8 

—18.72 

+18.76 

—18.74 

+18.75 

—18.75 


_ ke 


Time ACA Ca 


= K. 


In the same manner tables for initial concentrations 
of 100A + 50B, for 50A + 100B, or for any other de- 
sired combination may be constructed. 

















The CONFERENCE 


Under the conference plan the student, with the advice 
of the teacher, selects the textbook and type of course best 
adapted to his previous training and future needs. Each 
student progresses independently of his classmates. 


++ + 


ELF-EDUCATION under liberal supervision 

seems to be the modern trend. The modern edu- 

cator thinks of the student as a fire to be kindled 
rather than as a vessel to be filled; he thinks of him- 
self as the kindling spark rather than as the pitcher 
from which knowledge is to be poured. 

Frequently students would profit more if they, 
rather than the teacher, prepared the lectures. The 
teacher should not try to do all of the work. The usual 
lecture constitutes an example of filling the vessel with 
a vengeance, with doubtful results; it permits able 
students to learn enough to pass the course without 
doing any work themselves. 

Recitations have some value, but frequently are a 
waste of time. Hearing others recite mistakes and re- 
citing what one already knows also waste time. 

The conference plan of teaching general chemistry 
is an attempt to introduce into college teaching certain 
educational principles and methods that have been 
found successful in elementary and secondary educa- 
tion. It is common knowledge that college and uni- 
versity teachers have lagged behind in the adoption 
of modern methods of teaching. 

The conference plan is based on the idea that the 
student is to be supplied with material that allows him 
to complete his work without dependence on or inter- 
ference from the teacher, on the unit-study plan of or- 
ganizing material, and on the idea that mastery of a 
little is better than a half-understanding of a lot of ma- 
terial. 


OUTLINE OF THE CONFERENCE PLAN 


The plan used by the author is as follows: 

1. Lectures —The whole class meets daily for the 
first two weeks for introductory lectures. During the 
rest of the year, one lecture-hour a week is used for lec- 
ture demonstrations and the introduction of everyday 
applications. Its function is to secure the interest 
of the student and to relate chemistry to modern life. 

The student selects a plan of deriving the most per- 
manent value from the lectures. Some students elect 
to take short quizzes on the lectures week by week. 
Others elect to turn in written reports on the lectures. 

One per cent. is deducted from the final grade for 
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PLAN of 





Mastery of each unit of subject matier is acquired. De- 
tails of administration of the plan, results obtained in a 
year’s trial, and the advantages of the plan as seen by the 
writer are summarized. 





each lecture missed or not satisfactorily reported on 
by one method or another. 

2. Selection of text.—Ten texts are selected by the 
teacher so that among them they offer from two to 
four different stages of advancement for different types 
of students. For example, chemistry majors and pre- 
medical students presenting a high-school course in 
chemistry may select from the following texts: “A 
Textbook of Inorganic Chemistry,” by Partington; 
“General Chemistry,” by Deming; ‘Principles of 
General Chemistry,” by Brinkley; or ‘College Chem- 
istry,’ by Gordon. 

Students not majoring in science but interested in 
the appreciation of chemistry may select from: “An 
Introduction to Chemistry,” by Timm, or ‘“The Spirit 
of Chemistry,’”’ by Findlay. 

The texts are then grouped for six different types of 
students as follows: 


1. Appreciation 4. Nursing 

2. Home Economics 5. Engineering 

3. Physical Education 6. Chemistry Majors 
Dentistry Pre-medics 
Biology 


There are two divisions in each group, depending on 
whether or not the student presents a previous course 
in chemistry. 

When the student enrols for the course, the teacher 
holds a conference with him and fills out a card contain- 
ing information as to his previous training, home and 
financial conditions, and interests. From this con- 
ference the student and teacher decide the group from 
which the text is to be selected. Then, some time dur- 
ing the first week, the students are given the Iowa 
Aptitude and Training Tests. From the resultant in- 
formation, plus the information contained on the above- 
mentioned card, the teacher can assign the text within 
the group best suited to the ability of the student. 
There is still another factor to be considered; that is, 
the work habits of the student. He is asked to write 
a short life history emphasizing his strong points and 
weaknesses. This usually aids the teacher in judging 
the student. 

On the fly-leaf of each text is pasted a description 
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of the book. The student selects his text after looking 
over the available ones in his group. He then dis- 
cusses his selection with the teacher. 

Out of a class of forty students each of the ten texts 
was used by at least one student. In three cases, stu- 
dents changed texts during the course. 


3. Laboratory work.—The general chemistry and 
qualitative analysis laboratory manuals vary according 
to the class texts selected. 

The laboratory is open every morning and afternoon, 
and students may work there at any time during the 
open periods. The laboratory is the work room; it 
contains charts and large tables for the students’ use. 
The teacher has his desk in the laboratory and either 
he or an assistant is present every day during certain 
hours. 

The experiments are performed in connection with 
the study of the given section to which they are re- 
lated. As soon as an experiment is completed and 
written up, it is checked by the teacher. If it is un- 
satisfactory in any respect, the student is directed to 
do more work. No section or unit quiz is permitted 
him until the laboratory assignments for the given 
section or unit have been completed. 


4. Progress reports—Each student is expected to 
report to the teacher in the laboratory at least twice 
weekly as to the progress he is making, whether any- 
thing has been accomplished or not. Failure to make 
such a report counts as two absences. 

5. Quiz and examination cards.—Questions are pre- 
pared on each text used. The text is divided into sec- 
tions and units; usually a chapter constitutes a sec- 
tion. For each of these sections from four to eight sets 
of questions are prepared. All questions are on 5” by 
8” cards, with a different color used for each text. 

All of the questions in the text, at the ends of the 
chapters, etc., are added to a list prepared by the teacher, 
and the questions are then divided among the cards. 

Each book is divided into five or ten units for each 
semester. There are from three to eight sets of exami- 
nation questions prepared for each unit. 

Since the student has mastered the given section or 
unit by the time he can answer all of the questions (if 
they have been properly constructed), these question 
cards are available to the students in a file in the labora- 
tory. When the student is ready for a section quiz or 
unit examination, the teacher simply selects one of the 
cards at random and gives it to him. 

The results are that the students use these cards ex- 
tensively. Never before had the teachers succeeded 
in getting the students to work out the exercises in texts 
as they have done by this method. 


6. Grading system.—Quizzes are given over each 
section. They are graded plus or minus according to 
whether or not they are acceptable. If they are not 
acceptable, the student takes another quiz after fur- 
ther study. Such repetitions have not been frequent 
after the students become accustomed to the confer- 
ence plan. 
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These quizzes are checked in the presence of the stu- 
dent. 

A quiz over an advance section is not permitted until 
the previous one has been accepted. 

A grade of at least 65 is required before a unit exami- 
nation is accepted. The final grade on the unit is the 
average of the grades made on each examination taken 
over that unit. It is seldom necessary to repeat unit 
examinations. 

The final course grade is based on the unit examina- 
tion grades and the final examination grade. 

Students are permitted to omit the section quizzes, 
provided they make satisfactory grades in the unit ex- 
aminations. 

Where time is limited, it would be possible to omit 
all section quizzes; or the section quizzes could be ad- 
ministered by a student assistant, and the unit exami- 
nations given by the teacher. This would allow more 
time for student questions and problems. 

7. Time for completion of the course—The course 
may be completed any time before the close of the 
year’s work, but it has been required that each semes- 
ter’s work be completed by the close of the semester. 

Since the work is graded according to the student’s 
needs and ability, there has been no case in which the 
work was completed more than four weeks before the 
close of the year. 

8. Waiting list—During the few busiest hours of 
the week, a waiting list plan was used. The teacher 
found that he was busy practically every minute he was 
in the laboratory. 


RESULTS 


After a preliminary experiment a year ago with a 
selected group, the conference plan was used for all of 
the first-year chemistry students this year. At the 
close of the year, the teacher found that his students 
were better prepared than ever before. Somewhat 
more time was required of the teacher by this method. 
For this class, there would have been three lectures 
and two sections of two three-hour laboratory periods 
per week, in the usual method of conducting the course. 
In addition to this the teacher would have spent at 
least six hours a week on grading papers and notebooks. 
This would total at least 21 hours per week for the 
teacher or his assistants. Actually the teacher spent 
about 20 hours per week in the laboratory, while an 
assistant was present 8 hours per week. Once the 
system is organized, considerable assistant help can be 
used, but it must be recognized that it requires a 
teacher of experience to be able to handle ten different 
texts of widely varying types. ' 

About 10% of the students originally enrolled in 
the course dropped it during the first semester. These 
students composed the group that would ordinarily be 
failures. 

About 15% of the students finished the year with 
their work incomplete. In nearly every case the work 
is being completed in summer school, additional tui- 
tion being required. 
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No student who completed the course or who is com- 
pleting it has done so without a satisfactory knowledge 
of chemistry. The conference plan permits salvage 
of students who would fail by ordinary methods. 

One geology student who showed no interest and ac- 
complished very little during the first semester became 
keenly interested and did a very creditable piece of 
work when he was assigned some special problems on 
the analysis of minerals. To be sure, he did not follow 
the usual type of course, but he mastered qualitative 
analysis, which represented real salvage in this case. 

Two unusually able students using Partington’s “A 
Textbook of Inorganic Chemistry” learned more chem- 
istry than would be the rule after a second year in col- 
lege inorganic chemistry. 

Most of the students preferred the conference plan 
to the usual teaching methods. More ground was 
covered than is usually the case in general chemistry. 

The chief problem presented by this plan is the ten- 
dency of students to allow their work to get behind. 
Many students have not been taught to accept respon- 
sibility in their education. The writer feels that his 
greatest contribution to the students was that of teach- 
ing them to accept some degree of responsibility. In 
some cases it taxed his resources to the limit without 
his effecting outstanding improvements. If the plan 
fails, it will be in regard to this problem of allowing the 
work to “‘slide.”’ 

The teacher should have the authority to drop stu- 
dents from the course if they fall far behind. He 
should be able to give a failure to students who are be- 
hind at the close of the first semester. The student 
must be made to realize fully the results of falling be- 
hind in his work. To help the student, a schedule for 
each book was posted on the bulletin board. 
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ADVANTAGES OF THE CONFERENCE PLAN 


The conference plan presents the following advan- 
tages: 

1. It permits selection of a text according to the 
student’s training, ability, and needs. 

2. It requires mastery of the text selected. 

3. It allows the student to progress as rapidly as 
his ability and application permit. 

4. It insures complete correlation of the experimen- 
tal and textbook work. 

5. It enables the student to profit from his mis- 
takes, for his work is checked in his presence as soon as 
it is completed. 

6. It permits the student to receive help at the exact 
time when he needs it. 

7. It saves time for the student. 

8. It requires the teacher to check all work care- 
fully. A superficial sampling of a notebook is not pos- 
sible while the student is looking on. 

9. It offers the advantages of a flexible time sched- 
ule. Sickness, trips, and other situations which de- 
range the schedule do not result in a handicap to the 
student. 

10. It cultivates the habit of independent study so 
essential in advanced work. Self-education in college 
or in the world is the only real education. 

11. It develops responsibility. The ability to use 
time intelligently should be acquired as early as pos- 
sible. The freshman year in college is not too early. 

12. It solves the problem of the correlation of high- 
school and college chemistry. 

13. It minimizes working for grades. 

14. It offers few opportunities for cheating. 








A CHEMISTRY CLUB 






PROJECT in PHOTOGRAPHY 


T THE first meeting of the spring term of the 
Chemistry Club of the George Washington 
High School, the members, old and new, were 
asked to submit plans for their individual and group 
projects. One group of five pupils selected “Develop- 


ing and Printing Pictures” as its project. The writer 


was asked by these pupils to act as their faculty advisor. 
When the group met to discuss the project, six addi- 
tional pupils who were also interested presented them- 
selves. 


This show of interest in photography led to the 
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suggestion that they apply to the General Organization 
for permission to organize as a Camera Club. Permis- 
sion was granted. The story of the organization of the 
club in the school newspaper brought more applications 
for membership. 

The club held its first meeting with about twenty 
members present. The usual organization was effected 
immediately. Officers were elected and a simple con- 
stitution, modeled after those of other school clubs, 
was adopted. A committee was appointed to for- 
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mulate a plan for the work 
of the club. This planning 
committee met with the 
faculty advisor to arrange 
for suitable activities. It 
soon became evident that 
the interest of the group was 
backed by little or no experi- 
ence in photography. It 
was therefore decided that 
we would start at the be- 
ginning of the process. Ac- 
cordingly, the next meeting 
was devoted to a talk and. 
demonstration by one of 
the members on the struc- 
ture and function of the im- 
portant parts of the camera. 
A second pupil described 
and demonstrated the 
correct use of the camera in 
taking pictures. 

At the next meeting the 
topic of discussion was print- 
ing pictures. After the 
process was described and 
demonstrated, each member 
printed several pictures to 
help familiarize himself with 
the method. The logical 
order after taking the pic- 
tures would, of course, have 
been the development of 
films. Because of the size 
of the group and the greater 
amount of light permissible 
in printing pictures, it was 
decided to illustrate the 
processes of exposure, de- 
velopment, washing, and 
fixing by reversing the order 
and learning how to print 






































before learning how to de- 
velop. At the following 
meeting, both tank and tray 
development were demon- 
strated. In spite of the fact 
that in the tank develop- 
ment the film could not be 
seen, the pupils were able to 
understand what was hap- 
pening in the tank from 
their previous experience in 
printing pictures. 
Subsequent meetings were devoted to practice in 
developing and printing films and pictures, to criticiz- 
ing finished pictures for workmanship and artistic quali- 
ties, and to group excursions to points ef interest for 
photographic work. On these trips both still and 


moving pictures were taken. 











One project that occupied a considerable portion of 
our time was the photographing of exterior and interior 
views of our own beautiful building. A number of 
excellent pictures were obtained. These prints proved 
to be of great interest to all who saw them. So great 
was the interest that the club decided to make a supply 
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of the pictures and to offer them for sale to the pupils 
and faculty of the school. The proceeds of the sale 
were to be given to the school relief fund that provided 
carfare and lunch money for needy pupils. 

It was decided to sell several sizes. Contact prints 
were sold for five cents, postcards for ten cents, eight 
by ten enlargements for twenty-five cents, and eleven by 
fourteen enlargements for fifty cents. Samples were 
made and submitted to the General Organization for 
approval. Several members of the club acted as sales- 
men. The others worked in the dark room making 
the prints and enlargements. A careful check was 
made on production and distribution to avoid em- 
barrassing financial difficulties. The sale’ was an over- 
whelming success. As the demand increased it was 
necessary to purchase supplies and more equipment. 
The project was halted by the approach of final ex- 
aminations and the end of the term. It is planned to 
continue the sale of the pictures in the school store next 
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year. The project netted approximately thirty dollars 
which the Camera Club proudly presented to the 
supervisor of the Student Relief Fund. 

The club also arranged with the senior class com- 
mittee to have a page of pictures published in the 
yearbook. With the aid of the art advisor and the 
yearbook committee the page shown in the illustration 
was set up and printed. 

This project is described by the writer because it 
appears to him to have had a variety of educational 
values. It helped the pupils concerned in cultivating a 
hobby for their leisure time. They learned how to 
organize a sales campaign and to raise money for a 
worthy cause. Its socializing value is illustrated in the 
coéperation of the club with the art department, the 
senior committee, the General Organization, and the 
Student Relief Fund committee. It is hoped that this 
report may contain suggestions useful to other chemis- 
try and photography clubs. 





A series of experiments included in a course in Radio- 
active Indicators is described. The experiments were 
designed to emphasize the use of radioelements as a 
practical tool in attacking various problems, rather than to 
illustrate methods of measuring the properties of radio- 
active radiations. The simple methods used to obtain the 
radioelements are likewise presented. 


++ eee + 


HE instruction of students in the use of radio- 

elements as an aid in their research is the pur- 

pose of a course recently offered at the Univer- 
sity of Minnesota. A series of exercises was arranged 
to acquaint students with the various types of electro- 
scopes used, with methods of preparation of radioactive 
sources, and with the utility of the classical experi- 
ments. Because the period of instruction was but 
one-quarter of the school year, only seven simple experi- 
ments were assigned. These experiments included 
measurements of the adsorption of thorium B, thorium 
C, polonium, and radium D by lead sulfate, the adsorp- 
tion of radium E by glass, the emanating power of 
thermally aged barium sulfate, and the demonstration 
of radiocolloid (9) formation in the case of polonium. 
This arrangement illustrates both general methods of 
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attacking problems with the aid of radioelements, viz., 
the indicator method of F. Paneth (1) and the emana- 
tion method of O. Hahn (2). 

For the alpha-ray measurements, an interchangeable- 
head electroscope (3) with an open-door chamber was 
employed. Beta radiators were measured in a box 
electroscope of simplest construction (4). For deter- 
mining the small amounts of radon, an emanation 
electroscope of the Lind type (3) was found satisfactory. 


SOURCES OF RADIOELEMENTS USED 


The source from which the thorium B and C were ob- 
tained was a radiothorium preparation kindly pre- 
sented by the University of Missouri for use in connec- 
tion with a radiometric study of the aging of precipi- 
tates. The active deposit was collected on platinum 
foils or wires attached to the negative pole of the custom- 
ary collecting device (5). The activated platinum 
pieces were immersed in a saturated lead sulfate solu- 
tion to form the stock solution of thorium B and 
thorium C. No attempt was made to separate the B 
from the C product, since a properly arranged set of 
measurements permits one to determine the relative 
amounts of both elements simultaneously present. 

The source of radium D (a lead isotope), radium E (a 
bismuth isotope), and radium F (polonium) was a 
number of old radon bulbs and capillaries which con- 
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tained radium D in equilibrium through radium E with 
radium F. The glass was pulverized and digested in 
concentrated nitric acid on a water bath; the filtered 
solution was then evaporated to dryness. The separa- 
tion of the radioelements could next be made chemi- 
cally (6). However, currentless electrochemical sepa- 
rations are much simpler and more rapid. Accordingly 
a procedure suggested by O. Erbacher (7) was followed, 
with minor modifications. The residue was taken up 
in 5 ml. of 0.2 N hydrochloric acid, the solution was 
placed in a test-tube fastened to a slowly rotating 
platform (4 R.P.M.), and a clean, roughened silver foil, 
lcm. X 1 cm., was immersed in the solution. Several 
hours of rotation gave very high yields of deposited 
polonium, especially when the solution in the test-tube 
‘ was kept hot during the first half-hour. Because 
polonium tends to alloy with metals (8) it is difficult to 
remove the deposited polonium from the silver foil. 
Therefore the usual procedure of dissolving the silver 
in concentrated nitric acid was adopted. The silver 
was removed by precipitation with excess hydrochloric 
acid followed by digestion (to coagulate) and filtration. 
The filtrate was evaporated to dryness; the residue 
was taken up with a small portion of concentrated 
hydrochloric acid and then diluted to a suitable concen- 
tration, in this case 0.01 N hydrochloric acid, to 
diminish radiocolloid formation (9). This constituted 
the stock solution of polonium. 

The solution remaining after removal of polonium by 
silver foil was evaporated to dryness and the residue was 
dissolved in 5 ml. of 0.05 N hydrochloric acid. A sec- 
ond electrochemical separation then served for the 
extraction of radium E. A roughened, clean nickel foil 
was substituted for the silver; and immersion for less 
than an hour in the heated solution was sufficient. The 
radium E so obtained is relatively free from radium D. 
The nickel foil was washed with water and alcohol and 
then immersed for several minutes in concentrated 
nitric acid to remove the bismuth isotope. The residue 
obtained by evaporating this solution was dissolved 
in 1 ml. of 0.2 N hydrochloric acid and diluted to 
0.002 NV. This dilute acid solution served as the stock 
solution of radium E. 

The solution remaining after removal of radium E 
was evaporated to dryness, and the residue (chiefly 
radium D) taken up in a saturated aqueous solution of 
lead sulfate to form the stock solution of radium D. 
No attempt at greater purification of these radioele- 
ments was made; nor was consideration given to the 
removal of mercury, which is frequently found in 
radon bulbs. These refinements require more elaborate 
chemical (6) and electrolytic (10) procedures. 

The radium-bearing solid used in the emanating 
power experiment was a sample of radium containing 
barium sulfate. The original radioactive solution from 
which the sulfate was prepared contained about 1.6 X 
10° grams of radium and about eleven milligrams of 
barium chloride per ml. From 10 ml. of*this solution, 
radioactive barium sulfate was precipitated by the 
addition of 0.1 N sulfuric acid. The precipitate was 


purified by digestion, and the filtered product was 
thermally aged before use, by maintaining it for several 
hours at a temperature of 300°C. 


EXPERIMENTS 


The adsorption of thorium B by lead sulfate was 
measured by adding 25 ml. of the stock solution to a 
gram of aged lead sulfate in a paraffined container. 
After shaking for an hour, the solid was separated either 
by centrifuging for five minutes or by permitting it to 
settle by standing undisturbed for seven minutes. 
Then 5-ml. portions of the supernatant liquid were 
slowly evaporated in round-bottomed copper dishes 
on a water bath, and their alpha-ray ionization (in 
divisions per second discharge of the electroscope leaf) 
compared with that of a standard prepared by diluting 
a quantity of the stock solution with an equal volume of 
saturated lead sulfate solution. 

The beta radiation from thorium B is extremely soft, 
and its measurement must be effected through the 
intense ionization produced by its decay product 
thorium C. Therefore if measurements are made about 
nine hours after performance of the experiment, in 
which time radioactive equilibrium between thorium B 
and thorium C is assured, the ionization produced 
by the residue in the dishes permits calculation of the 
fraction of thorium B left. This delay is necessary 
because the ionization produced by the alpha particles 
emitted by thorium C is measured in the electroscope. 
In order to determine the adsorption of thorium C it- 
self, the dishes are measured also immediately after 
evaporation of the 5-ml. samples. It is of interest to 
recall that a knowledge of the thorium B adsorption 
permits calculation of the specific surface (11) of lead 
sulfate. 

The adsorption of polonium was measured in the 
same manner as was the thorium B adsorption, except 
that the stock polonium solution was used and watch 
glasses were substituted for the copper dishes. Since 
polonium is. measured directly by its own alpha radia- 
tion, the electroscopic measurements could be made 
immediately after evaporation of the samples of super- 
natant liquid. 

The centrifuge method of E, L. Harrington (12) was 
used to demonstrate radiocolloid formation by polo- 
nium. A portion of the acid stock solution of polonium 
was neutralized, shaken for an hour, and then centri- 
fuged at 2000 r.p.m. for a half-hour, after which time 
samples of the supernatant liquid were evaporated 
and compared as to alpha-ray activity with the stock 
solution. 

Radium E adsorption by glass was shown by shaking 
a portion of the stock solution in an unparaffined bottle 
for an hour, and comparing the beta-ray activity of 
samples of remaining solution with that of the original 
solution. 

The procedure for the determination of the radium 
D adsorption by lead sulfate was identical with that 
for measuring thorium B adsorption, except that the 
stock solution of radium D was used, and that the 
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ionization was measured with a beta-ray electro- 
scope. Because the beta radiation from radium D is 
extremely soft, the element is measured indirectly by 
the intense beta radiation characteristic of its disinte- 
gration product, radium E. Consequently two meas- 
urements separated by an interval of several days were 
made. Here, too, it is possible to calculate the specific 
surface of lead sulfate. 

The emanating power determination consisted of 
two parts. It was necessary to know the radium con- 
tent of the solid; then the portion of the total radon 
which escaped by outward diffusion had to be found. 
For the radium analysis, the standard potassium bi- 
sulfate fusion method (13) was employed. Details of 
this well-known method need not be repeated here. 
The escaping radon was determined by sealing a 
weighed amount of barium sulfate in a glass tube 
with constricted ends for a time sufficient to insure the 
maximum outward diffusion of the emanation. The 
radon was sucked. through the usual purifying train 
into an evacuated emanation electroscope for measure- 
ment. In this course, the students sealed their tubes 


several weeks before the radium analyses were per-- 


formed, and then both determinations were made 
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on the same day. Because the methods of deter- 
mining radium by the emanation method are so widely 
known (14), it is not necessary to describe in this pres- 
entation the details involved in the emanating power 
experiment. 
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WHAT STARTS PRECIPITATION 


from a SUPERSATURATED SOLUTION?’ 


N THE course in qualitative analysis which oc- 

cupies the time assigned to chemistry during the 

third quarter of the freshman year at Iowa State 
College, magnesium is precipitated as magnesium 
ammonium phosphate. This salt is supposed to form 
supersaturated solutions and directions advise: shak- 
ing, scratching the inside of the test-tube, and scratch- 
ing the outside of the test-tube. Crystal formation is 
ascribed to: seeding with particles of glass, the edges 
of. the scratch on the tube, the vibrations of the tube, 
and the agitation of the solution. Two of the young 
men enrolled in the class during the spring quarter of 
the year 1933 lived in the same town, and had no job 
for the summer, but did have a chemistry laboratory 
in a basement at home. They asked if they might try 





* Condensed by F. E. Brown from a comprehensive report 
prepared by the late Dr. Lowman. Dr. Lowman died suddenly 
on February 10th last after an illness of only a few hours. A 
report of this work was presented at the 13th Midwest Regional 
Meeting of the A. C. S. at Kansas City, Mo., May 4, 1934. 


An Example of Freshman Research 
JOHN DUNNING AND PHILIP PRATT, WITH O. E. LOWMAN 


Iowa State College, Ames, Iowa 





to determine what started the precipitation of.;mag- 
nesium ammonium phosphate from its supersaturated 
solutions. 

The students were loaned one carton of new test- 
tubes, some 5-cc. pipets, some test-tube racks,ga 
supply of 0.01 M solution of MgCl-6H2O, anda 0.01 M@ 
solution of (NH,4)eHPO, which contained NH,Cl and 
NH,OH. 

Preliminary experiments showed that mixtures of 
equal volumes of these two solutions always produced 
an immediate precipitate, and therefore magnesium 
ammonium phosphate is not likely to form super- 
saturated solutions unless stabilized. Large excesses of 
ammonium chloride delayed the precipitation only 
momentarily, but Rochelle salts did produce a consider- 
able delay in the formation of a precipitate. Enough of 
this salt was added to the solution of ammonium 
phosphate so that a precipitate appeared in an un- 
disturbed mixture of the two solutions after about one 
and one-half minutes. 
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The directions given to the students were as follows: 


(a) Clean all glassware with HCl and rinse with 
distilled water. 

(b) Arrange ten clean test-tubes in a row in a rack. 

(c) Pipet into each test-tube 5 cc. of MgCl-6H.O 
solution containing 0.96 mg. of MgCl: per cc. 

(dq) Pipet into each test-tube containing MgCh, 
5 cc. of the (NH,),HPO, and NH,OH mixture 
containing 1.32 mg. of (NH;)eHPO, per cc. 

(e) Record time at instant of end of second delivery in 
every case and also at instant of end of any 
other operation. 

(f) Note and record time at first indication of forma- 
tion of crystalline precipitate (use black back- 
ground). 

(g) Repeat ten experiments on each variation below: 

(1) Allow to remain still. 
(2) Shake vigorously for 5 seconds and let stand. 
(8) Shake vigorously 5 seconds, observe 5 sec- 
onds, shake 5 seconds, etc. 
(4) Vibrate with rosined bow and let stand. 
(5) Add several pieces of finely powdered glass 
and let stand. 
(6) Scratch new test-tube with glass rod before 
addition of solutions and let stand. 
(7) Scratch inside of test-tube gently with glass 
rod and let stand. 
(8) Scratch outside of test-tube with glass rod 
and let stand. 
(9) Coat inside of test-tube with thin coating of 
collodion and let stand. 
(10) Coat inside of test-tube with collodion as in 
(9) and repeat operations (2), (3), (4), (5), 
and (8). 
(In each instance close tube with cork stopper coated 
with collodion.) 


The test-tube rack had a capacity for eight tubes, 
so eight experiments of each type were made instead 
of ten. When the mixture stood still the time until a 
general precipitation occurred varied from 110 to 64 
seconds. The average time was eighty seconds. The 
experimenters ascribe the steady. decrease in time for 
successive experiments to their increasing skill in de- 
tecting precipitates. In three cases what might have 
been crystals appeared on the walls of the tube in 30 to 
40 seconds. 

When the tubes were shaken five seconds and allowed 
to stand, the time until precipitation varied from 5 to 35 
seconds with an average of 20 seconds. The variation 
in time is ascribed to variation in violence of the shak- 
ing, which was done by hand. 

When the tubes were shaken five seconds and ob- 
served five seconds alternately until precipitation oc- 
curred, the time until precipitation varied from 11 to 29 
seconds with an average of 19.5 seconds. 

Attempts to make the tube vibrate with a rosined 
bow were unsuccessful, but a string of a contra bass was 
bowed and the tube touched to the string. The time 
until precipitation varied from 4 to 117 seconds, with 
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an average of 52.5 seconds. Rate of precipitation 
varied directly as: (1) the amplitude of the vibra- 
tion, (2) the duration of the vibration, (3) the intensity 
of the vibration, and (4) the frictional surface in the 
tube. Slow precipitation produced larger crystals. 
The precipitate always started where the string touched 
the tube. Microscopic examination showed that all 
precipitates were crystalline. 

Attempts were made to add powdered glass to the 
mixture and to add the mixture to powdered glass, but 
the experimenters were unable to distinguish between 
the powdered glass and the precipitate. No data are 
reported for this experiment. 

Because they decided that a file would scratch better, 
the insides of the tubes were scratched with a file in- 
stead of with a glass rod as suggested. When the 
tubes were scratched before the solutions were added, 
the precipitates formed no more rapidly than in un- 
scratched tubes. When the scratches were made in the 
solutions the time until precipitation varied from 
11 to 21 seconds with an average of 14.3 seconds. An 
unscratched, unshaken blank required 77 seconds for 
precipitation. The file may have become seeded with 
fine crystals. 

When a glass rod was rubbed up and down on the 
outside of the test-tube, the time until precipitation was 
from 1 to 5 seconds, except for one sample which re- 
quired 37 seconds. 

Collodion was not available and paraffin formed an 
opaque layer, therefore no experiments were made in 
coated tubes. 

Experiment proved that blowing the breath through 
the solution of magnesium chloride produced no pre- 
cipitate, so this method of agitation was tried. When 
breath was blown through the mixture the time until 
precipitation varied from 5 to 26 seconds with an aver- 
age of 12 seconds. 


EXPERIMENTS WITH SOLUTIONS STABILIZED BY THE 
ADDITION OF TARTARIC ACID 


It was thought that slower precipitation might im- 
prove the accuracy. To secure slower precipitation 
Dunning’s solution, named in ‘honor of its suggester, 
was made by adding to each 100 cc. of the solution of 
the ammonium acid phosphate, 100 cc. of 7 M tartaric 
acid and 100 cc. of ammonium hydroxide of specific 
gravity, 0.9. 

An undisturbed mixture of Dunning’s solution with 
an equal volume of the solution of magnesium chloride 
required from 96 to 341 seconds for precipitation. 

A rotary stirrer made by mounting a glass rod on a 
Polar Cub motor (kitchen mixer) was used for agitating 
samples of this better-stabilized mixture. The stirrer 
was mounted rigidly. A wooden block was bored to 
receive a test-tube and mounted in such a way that it 
could be charged with solution and then raised in a 
frame. The frame held the block in such a position 


that the stirrer entered the solution but could not 
touch the test-tube. 


The stirrer was cleaned with 
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hydrochloric acid and distilled water after each experi- 
ment. Five series of experiments were made. 

When the stirrer was run until precipitation occurred 
the time until precipitation was from 19 to 46 seconds 
with an average of 37 seconds. When the stirrer ran 
three seconds, the time until precipitation was from 62 
to 110 seconds with an average of 73 seconds. When 
the stirrer ran five seconds, the time until precipita- 
tion was from 28 to 91 seconds with an average of 48 
seconds. When the stirrer ran ten seconds the time 
until precipitation varied from 24 to 65 seconds with an 
average of 34 seconds. When the stirrer ran fifteen 
seconds the time until precipitation varied from 19 to 53 
seconds with an average of 31 seconds. 

The students are convinced that agitation starts 
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precipitation of magnesium ammonium phosphate 
from its supersaturated solutions. No one type of 
agitation is more effective than another. The rate of 
formation of the precipitate depends on the intensity 
of the agitation. They also believe that the sizes of 
the crystals are affected by the intensity of the vibra- 
tion, and that more intense vibration produces smaller 
crystals. 

This paper is not presented as a contribution to the 
solution of the question which constitutes its title. It is 
an example of what college freshmen, a hundred miles 
from their teachers, can do and may do in learning to 
apply the scientific attitude in answering their own 
questions. 





EASILY CONSTRUCTED TANGENT METER* 


ROBERT M. HOFFMAN 


University of Wisconsin, Madison, Wisconsin 


N PROBLEMS of kinetics and thermodynamics 
[i is often necessary to determine the slope or 

tangent at various points along a plotted curve. 
The familiar mirror method of Latishaw! involves turn- 
ing the mirror until the line and its reflection appear 
continuous. 

Excellent tangent-finding devices are now manu- 
factured}’t which, by means of a prism, cause an actual 
break to appear in the line until the true tangent posi- 
tion is found. Obviously, it is much easier for the 
eye to detect a disjointed break in the line than to 
estimate whether the line is merely bent sharply in one 
direction or the other. 
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METHOD oF USING TANGENT METER 


The average student, to whom the more expensive 
tangimeter may not be readily available, can easily 
construct a device which will give a similar effect with- 
out requiring a prism. 

A straight piece of clear glass stirring rod about six 
millimeters in diameter is obtained. From it are cut 


* Contribution from the Laboratory of Physical Chemistry. 
1 LaTIsHAw, J. Am. Chem. Soc., 47, 793 (1925). 

t Bausch and Lomb, ‘‘Tangent Meter.” 

t American Askania Co., ‘‘Prismatic Derivator.’’ 


two pieces about twenty centimeters long. These are 
pressed side by side on a flat surface and fastened to- 
gether with a small amount of sealing wax applied on 
top of the rods near each end. 

When the double rod is placed over a line at any angle 
other than ninety degrees, the line appears broken; 
1. €., the ends break away from each other in opposite 
directions. The rod is turned until the two ends of the 
plot meet. The double rod is now at right angles to 
the tangent of the curve at that point. From this 
position, the derivative of the curve at that point may 
be found by any of several obvious methods. For 
example, a right triangle may be placed against the 
rod and the tangent slope obtained graphically by 
determining the ratio of an increment along the y-axis 
to the corresponding increment along the x-axis. An- 
other convenient method is to place a protractor scale 
against the rod and determine the angle a between the 


tangent and any line parallel to the abscissa. Then 
2 = tana 


The numerical value of tan a can be found in tables or 
read from a good slide-rule. This value, of course, 
should then be multiplied by the constant ratio of the 
values assigned to unit distances along the ordinate 
and abscissa. This gives the derivative the same di- 
mensions as those used in the graph; for example, cubic 
centimeters per minute, etc. 

To aid in placing the double rod exactly over any 
certain point, it is well to inscribe a quarter-inch circle 
about the point. 

This simple device will prove especially useful on 
curves that are rapidly changing their slope. The 
accuracy may be easily tested over a finely ruled 
straight line. In twenty trials the greatest deviation 
from a zero slope was one-half degree, and the average 
was two-tenths of a degree. 















CONVENIENT, INEXPENSIVE 
CONSTANT-TEMPERATURE BATH 


RALPH E. DUNBAR 


Dakota Wesleyan University, Mitchell, South Dakota 


NY STUDENT or instructor with average me- 

chanical ability can easily construct a convenient, 

inexpensive constant-temperature bath similar to 
the one that we have had in use for nearly three years. 
The materials required for this piece of equipment are 
relatively inexpensive and are often readily available 
in even the smallest and most meagerly equipped labora- 
tory. It is with the hope that this information may be 
helpful to others that it is submitted. 

The constant temperature bath A is constructed of 
two cylindrical galvanized iron containers, one placed 
within the other. These containers can easily be 
fashioned at small cost by a local tinsmith. The two 
sections should be of such a size that when the smaller is 
introduced into the larger there will be an open space of 
































FIGURE 1.—GENERAL ARRANGEMENT OF BATH 


approximately one inch between the two walls on all 
sides, including the bottom. This opening should be 
packed with good insulating material such as cork, 


asbestos, or magnesia. The opening around the top 
can easily be sealed with a suitable wax or cement, 
or better yet, closed with a ring of galvanized iron of 
suitable size and shape, firmly soldered in place. 
Even a combination of sweeping-compound and large 
lard cans might be improvised for such a container 
where finances will permit nothing better. A five- 
or ten-gallon cylindrical jar will serve such a purpose 
quite well, especially if carefully wrapped with “balsam 
wool,’ or similar insulating material on the outer side. 
If a metal is used, the inside surface should be carefully 
protected with two or three good coats of white lead or 
similar paint. A double glass window can easily be 
provided on the side, for observing experimental work 
within, by preparing two metal frames for glass, and 


securely soldering these frames to openings in corre- 
sponding positions in the two walls of the container. A 
waterproof cement for fitting the glass into these 
frames is easily prepared by mixing dry precipitated 
calcium carbonate (whiting) with heavy white lead 
paint until a paste of about the consistency of good 
putty is obtained. 

A satisfactory stirring mechanism is provided by 
soldering suitable vanes toa bronze rod J. A series of 
three pulleys Z provides for variable stirrer speeds. 
An additional bearing K soldered to the bottom of the 
container A will give a more rugged construction and 
quieter operation. The stirrer is driven by any small 
motor M. Two small pulleys N serve to direct the 
belt between the motor M and stirrer pulleys Z. The 
pulleys at N may be raised or lowered by adjusting the 
position of the crankshaft-shaped rod with the screw 
in the clamp holder as illustrated. Similarly the two 
pulleys at N may be moved nearer or farther apart on 
this bearing by collar adjustments on either side of the 
pulleys. This arrangement permits a perfect alignment 
of the belt with any of the three pulleys at Z and thus 
affords at least three distinct speeds with the stirrer J. 

The heating element B may be a large carbon bulb or 
electric heating element. Even a relatively large 110- 
volt light bulb may be used when the temperature 
within the bath is maintained only a few degrees above 
room temperature. The socket C is held in position 
with an ordinary buret clamp. 

The thermoregulator in this case has been fashioned 
from the inner tube of a broken Victor Meyer apparatus 
for vapor density determinations. One bend in the 
lower end of the piece of equipment, just above the 
bulb D, materially shortens the total length. The 
side-arm is bent upward as illustrated, terminating in 
anopenendatG. A small platinum wire, supported by 
leading it through a small cork G, is introduced for 
about two or three inches into the upper end of this 
capillary tube. A snugly fitting plunger made of 
cork or rubber is fastened to a long metal screw as illus- 
trated at F. This is introduced into the larger arm. 
An ordinary one-hole cork will serve to lower or raise 
the plunger by turning to the right or left. It should 
be mentioned that it is absolutely necessary to have a 
good metallic contact below the plunger and a con- 
tinuous electrical circuit through to the leads above for 
the six-volt current. The large bulb D may be filled 
with toluene or other liquid with a relatively high co- 
efficient of expansion. Mercury FE should be added 
from the end of this bulb D to the two contact points at 
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the upper end. Buret clamps for supporting the 
thermoregulator or chemical equipment may be at- 
tached to upright rods H fastened to the wall of the 
constant-temperature bath. 

The electrical control board is illustrated in Figure 2. 
It may be mounted at any convenient place near the 
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FicuRE 2.—WIRING DIAGRAM OF CONTROL BOARD 


constant-temperature bath. The wiring diagram is 
practically self-explanatory. Only one lead of heavy 
extension cord is required for the incoming 110- 
volt alternating current. Two short lengths of similar 
extension cord lead to the motor M and heating element 
B. An ordinary six-volt bell-ringing transformer will 
easily supply adequate current for the control circuit 
leading to F through the telegraph relay. Four knife- 


JOURNAL OF CHEMICAL EDUCATION 


blade or wall switches, placed as illustrated, will en- 
able the operator to control any of the circuits without 
affecting any of the 
others. 

Figure 3 shows a 
typical constant tem- 
perature bath of this 
type. Temperature 
adjustments are made 
by lowering or raising 
the plunger in the 
thermoregulator with 
the screw at F. The 
glass window, which 
was sealed as  pre- 
viously described, has 
not developed a single 
leak after three years 

















FicurE 3.—THE OoMPLETED 
BATH of nearly constant use. 


The temperature can 
easily be controlled within +0.2°C. when operating at 
25° to 30°C. The cost of this constant-temperature 
bath will naturally vary, depending upon the amount 
of equipment already available and the amount that 


must be purchased specifically for this purpose. Like- 
wise variations in size and construction will influence 
costs, as well as the ability of the operator to construct 
the various pieces himself, rather than hiring someone 
else to prepare them. However, in any case, the cost in 
time and money will be small in comparison to the ser- 
vice received. 





VICTOR MEYER APPARATUS 
J. A. COSS 


Morningside College, Sioux City, Iowa 


HE excuse for offering another modification of the 

well-known Victor Meyer apparatus for determin- 

ing molecular weights is the fact that this appa- 
ratus can be constructed of materials found in every 
laboratory; and the further consideration that it works 
well in the hands of a student without expense for 
breakage. 

The outer jacket (A) is an ordinary 250-ml. Kjeldahl 
flask of pyrex glass; the second tube (B) is constructed 
from a common soft-glass Hemple tube by closing the 
lower end; the inner tube (C) is constructed of soft- 
glass tubing a little more than one-fourth inch in di- 
ameter by sealing a small side arm into it. The tube 


(C) is open at top and bottom; the side arm has a glass- 
rod plunger held in place by a short piece of gum rubber 
tubing. 


When materials which have a boiling point below 
100°C. are used, water is used in the outer jacket (A). 
The water is boiled rapidly so that the temperature in 
(B) is practically uniform throughout its entire length. 
With higher boiling materials a side arm is sealed into 
the outer jacket as near the top as possible, and con- 
' nected with an air condenser. 
ws The material of which the mo- 
Tt lecular weight is to be determined is 
sealed in weighed capillary tubes, 
( constructed as shown at (D). The 
tips of the capillary are drawn fine so 
LA they will break in falling from the 

plunger to the bottom of the tube 
(B). 
7 No claim is made for originality in 
the design of this apparatus. Our 
LY) purpose is to call attention to an 
easily constructed apparatus that we 
have found more accurate than the 
regularly constructed Victor Meyer 
apparatus. 
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INEXPENSIVE CONDUCTIVITY 
APPARATUS 


A. J. CURRIER anp J. S. BUSER 


The Pennsylvania State College, State College, Pennsylvania 


T THE present time, when appropriations for the 
A purchase of apparatus have been seriously cur- 
tailed or canceled entirely, instructors are faced 
with the necessity of remodeling old apparatus or 
devising simple types from materials at hand. Equip- 
ment for the experimental demonstration of the electri- 
cal conductivity of solutions is indispensable for the 
study of ionization which is now a fundamental topic in 
all high-school and college courses in general chemistry. 
A number of different types of conductivity apparatus, 
designed for lecture demonstration or for the use of 
the individual student, are described in the litera- 
ture.1:%3.4 











The conductivity apparatus illustrated by the ac- 
companying photograph was constructed by one of the 
authors (A. J. C.) about two years ago and has been 
found to be very effective in lecture demonstrations 
of electrical conductivity of solutions in the usual 
qualitative manner. By reference to the photograph, 
it will be observed that only common laboratory mate- 





1 Day AND Davis, “A conductivity apparatus,” J. CHEM. 
Epuc., 5, 1121 (Sept., 1928). 

2 GILBERT AND PEASE, ‘‘An improved lecture-table demon- 
an of ionization and conductivity,” ibid., 4, 1297 (Oct., 
1927). 

3 GorDon, “Simple cell for study of conductance,’’ zbid., 10, 
440 (July, 1933). 

4 Prererson, “A device for measuring the comparative con- 
ductivity of electrolytes,’ ibid., 9, 923 (May, 1932). 





rials are used in the construction of the apparatus 
viz., a ring-stand, two clamps, two clamp fasteners, one 
number 7, 2-hole rubber stopper, two pieces of number 
7 insulated copper wire (such as is used for house wir- 
ing), electrical insulation tape for wrapping the connec- 
tions between the electrode wires and the four-foot 
length of extension cord with an attached plug, an 
ordinary porcelain lamp socket, and a 15-watt electric 
bulb. The rubber insulation was stripped off the ends 
of the electrode wires and the bare wire was carefully 
scraped forming copper electrodes about 8 cm. in length. 
The number 7 wire fits snugly into the holes of the 
rubber stopper. (Either alternating or direct current 
is, of course, suitable for demonstrating conductivity 
whereas in experiments on electrolysis of water or salt 
solutions only direct current should be used.) In- 
cidentally, it is desirable to paint the laboratory hard- 
ware (used in demonstration work) with ordinary 
aluminum paint to prevent corrosion and to make the 
apparatus more neat and attractive in appearance. 

In demonstrating the conductivity (or non-conductiv- 
ity) of various solutions the two clamps holding the 
electrodes and the lamp may be placed in any position 
desired. Our procedure is to place the parts in the 
position indicated in the photograph and to raise the 
beaker containing the solution to be treated under 
the electrodes so that they are well immersed in the 
solution. The electrodes should be immersed in a 
beaker of water after testing each solution to remove 
any adhering electrolyte. Differences in conductivity 
of such weak electrolytes as tap water, acetic acid, 
ammonium hydroxide, and strong electrolytes such as 
sodium hydroxide and hydrochloric acid can easily be 
shown by the difference in intensity of the light. The 
effect of dilution on conductivity can also be shown 
effectively by placing a beaker ‘of distilled water on the 
table, lowering the electrodes into the water, and adding 
glacial acetic acid by means of a funnel or thistle tube 
placed so that the acid flows to the bottom of the beaker. 
When the acid is stirred into the water the light changes 
from a faint to a distinct glow. When non-electrolytes 
are being studied, the electrodes may be short-circuited 
by placing a screw driver (with a wooden handle) across 
them just above the solution showing that the electric 
current is still available at the electrodes. The screw 
driver is also useful in testing the apparatus before use. 








ARE CHEMISTRY STUDENTS MORE 
INTELLIGENT than OTHERS? 


EARL W. PHELAN 


Georgia State Woman’s College, Valdosta, Georgia 


Comparison of the I.Q.’s of those presenting high- 
school chemistry for admission to this college with corre- 
sponding scores for those who did not offer this subject 
showed no difference between the two groups. More 
data are requested from other schools. 


~ ++ oo + 


HREE papers which have been published in 

THs JOURNAL!” seem by themselves to prove 

conclusively that students entering introductory 
college chemistry courses with a background of high- 
school chemistry earn better grades than their fellows 
who lack that advantage. In at least one of these, one 
important variable was not considered. It has long 
been an unverified hypothesis of the writer that the 
brighter students in the high schools will gravitate into 
chemistry in greater numbers than their less intelligent 
colleagues, and that the latter will shun chemistry if 
any option be given. In other words, the writer 
believed that among college entrants those who had had 
high-school chemistry would constitute a more in- 
telligent group, and so should confidently be expected 
to do better work in the college course. Dean Freeman 
of Minnesota has, incidentally, recently shown that 
others have had similar views with respect to Latin and 
mathematics in high schools and found them to be 
without foundation. 

In an attempt to test this hypothesis for chemistry, 
we examined the credits of all the girls who entered 
this college during the past nine years. Most of those 
who entered during the years 1924-32 had been given 
the Terman‘ intelligence test, and their intelligence 
quotients had been calculated in September of their 
freshman year. For the years 1931-33 the Thurstone® 
test had also been given. Comparison of the raw scores 
on the latter test showed a median of 120 for those 
without high-school chemistry, and 126 for those with 
it. Since the probable error of the difference was three 
points, this result was statistically insignificant. * 

The I.Q. as determined by the Terman test gave a 

1 Fry, J. Cuem. Epuc., 2, 260-9 (Apr., 1925). 

2 EVERHART AND EBAUGH, tbid., 2, 770-4 (Sept., 1925). 

3 GARARD AND GarTEs, ibid., 6, 514-7 (Mar., 1929). 

4 TERMAN, ‘‘Terman group test of mental ability,’ World 
Book Co., Yonkers, N. Y., 1920. 

5 THURSTONE AND THURSTONE, “Psychological examination 
for high-school graduates and college freshmen,’’ The American 
Council on Education, Washington, D. C., 1931, 1932. 


* The writer wishes to thank Miss Sarah Nicholson, who per- 
formed these computations. 


much larger group for examination, 423 with and 643 
without high-school chemistry. The frequency dis- 
tributions for the two groups, smoothed twice by the 
method of moving averages, are condensed in the 
following table. 

FREQUENCY DISTRIBUTIONS OF I.Q. ScorES 


.Q. % With % Without 


70-80 1.07 1.36 
81-90 12.07 9.75 
91-100 41.52 41.22 
101-110 30.67 32.59 
111-120 13.07 13.26 
121- 1.60 1.83 


As is evident, the two groups have virtually identical 
frequency distributions, the median being 100 for each 
group. It may safely be concluded that, of the students 
who have entered this college, those who have had 
high-school chemistry and those who have not do 
equally well on the Terman test. Without going at all 
into the question of the absolute validity of calculating 
an I.Q. for a student over sixteen years old, we can still 
use this test as a basis for comparison. These results 
then strengthen the belief that the study of chemistry 
in high school gives students a real advantage in a 
common freshman course in college. 

The referee has reminded the writer of the seemingly 
contradictory work of Noll® at Minnesota. In Noll’s 
experiments students with high-school chemistry were 
very carefully paired with students without it; then 
both groups were tested in chemistry achievement at 
the end of the second quarter of freshman chemistry. 
Both groups had the same achievement. This is the 
most careful work of all. Its apparent contradiction 
of the other writers may probably be due to the fact 
that Noll scrupulously paired his two groups, while 
all the others took the records of all their students. 

These results as reported here are incomplete, and 
more data are needed to settle the problem. In this 
study the number of subjects is relatively small, and 
taken only from a localized group. The whole study, 
moreover, rests upon the unjustified assumption that 
all the girls represented had freedom of choice in 
electing or not electing chemistry in high school. In 
many schools this freedom does not exist, all students 
having to take whatever science happens to be offered. 
For these reasons, the writer hopes that more data 
will be forthcoming. 


6 Nott, “Laboratory instruction in the field of inorganic 
chemistry,’’ The University of Minnesota, Minneapolis, Minn., 
1930. 
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KEEPING UP WITH CHEMISTRY 


Pink potash and carbon black. W. Haynes. Chem. In- 
dustries, 35, 18-8 (July, 1934).—This article is one of a series 
describing the itinerary of ‘“‘A Chemical Tourist through the 
South.’”’ The two mines of the United States Potash Co., and 
the Potash Company of America, respectively, near Carlsbad, 
New Mexico, are described. The strata worked are 8 to 12 feet 
in thickness, lie about 200 feet below the ground surface, and 
consist of sylvinite, 43% KCl, 56% NaCl. Under the mine 
lights the deposits have the appearance of rose crystal quartz. 
Run-of-the-mine product is sold as ‘manure salts.” Refining 
by recrystallization is also practiced. 

A visit to a carbon-black plant, like those in the vicinity of 
Amarillo, Texas, convinces one ‘‘that carbon-black makers un- 
derstate their sales arguments when they talk about ‘the smooth- 
est, most penetrating, permanent, blackest black.’’’ Although 
the process of burning gas to obtain carbon black may appear 
uneconomical, the industry, under present conditions, must be 
regarded as a conservator, for it utilizes gas which would other- 
wise run to waste after being stripped of its gasoline. Methods 
of handling, de-aérating, and packaging the product have been 
developed to a high degree of efficiency. O.. RB. 

Application of refrigeration to the manufacture of natural 
gasoline. F. L. Katitam. Chem. & Met. Eng., 41, 355-7 
(July, 1934).—Employing refrigeration to economic advantage 
in the manufacture of natural gasoline is very feasible because 
absorption is a vapor pressure phenomenon and depends on the 
lowering of the vapor pressure through solution. From the dis- 
cussion and figures presented it is concluded that for refrigeration 
in gasoline plants a hydrocarbon mixture cannot be justified 
because of first cost of equipment. Between ammonia and pro- 
pane there is little choice, except that propane is readily available 
at any gasoline plant. J. W. H. 

Phenol resin equipment in chemical industries. W. H. 
Apams, Jr. Chem. & Met. Eng., 41, 349-51 (July, 1934).— 
Certain properties of phenol resins have caused their increased 
use in chemical equipment. These are hardness, strength, 
ability to withstand heat up to 135°C., non-cracking with sud- 
den temperature changes, and resistance to moisture, most acids 
and solvents, weaker bases, and numerous chemicals. 

Two general types of reénforced resin products have been 
developed. One is a molding powder of resin and fibrous filler, 
the other consists of layers of cloth, paper, or asbestos impreg- 
nated with resin. J. We H. 

Silver proves effective in water sterilization. ANon. Chem. & 
Met. Eng., 41, 372 (July, 1934)—-The Katadyn process for 
sterilization of water by silver has been introduced into this 
country from Germany, where it has been in use about five (5) 
years. The action of the silver is not immediate but requires 
30 minutes to several hours depending on the quality of the silver 
and the nature of the bacteria. The silver does not affect the 
human system and no taste, smell, or color is imparted to the 
water: 

Silver is applied by contact and electrolytic methods. In the 
contact method the silver is deposited on carriers of porcelain 
or quartz, and is suitable for small installations only. With large 
quantities of water the electrolytic method is used. The activa- 
tor consists of an iron tank, lined with special insulating material, 
in which are placed electrodes of silver. Polarization is pre- 
vented by automatically reversing the current at definite inter- 
vals. The degree of activation required in the various applica- 
tions, expressed in milligrams of silver per metric ton of water, is 
approximately as follows: 25-100 for drinking purposes, 150- 
200 for swimming pools, 400 for ice manufacture, 25-100 for 


mineral water, 25-600 for washing and rinsing in industrial plants. 


New checks on corrosion. Anon. Ind. Bull. of Arthur D. 
Litile, Inc., 90, 1-2 (June, 1934).—Present progress in over- 
coming corrosion is based upon the growing realization of the 
electrochemical nature of nearly all corrosion. Corrosion is being 
attacked along two lines; namely, by preventing inhomogeneities 
in metallic composition or structure, and by covering base metals 
with protective coatings excluding moisture, without which elec- 
trolytic corrosion will not occur. Development of alloys of 
balanced corrosion-resistant structures is an example of the first 
method. Other developments include new electrolytic methods 
of metal cleaning; heat treatment in selected gaseous atmos- 
pheres to provide a more uniform metal structure; use of protec- 
tive coatings like chromium; but foremost among these new 
developments is the formation upon metallic surfaces of trans- 
parent, thin, but adherent films of oxides or other relatively inert 
compounds of the metals protected. Thus far this has been 
applied or restricted to the formation of aluminum oxide on 
aluminum and the formation of an attractive, transparent, 
‘“‘patina-like’”’ copper sulfate film on copper, and of various films 
on steel. These films are induced by purely chemical means or 
by electrochemical methods. Oe 

Our chemical cornucopia. ANon. Ind. Bull. of Arthur D. 
Little, Inc., 90, 3 (June, 1934).—Petroleum, like coal tar, has be- 
come a ‘‘chemical cornucopia,”’ yielding a vast source of new and 
important chemical products. By oxidation of petroleum at 
elevated temperatures, aliphatic acids are produced which may be 
bonverted into solvents, plasticizers, and other industrial chemi- 
cals. Acetylene, closely linked with the electric furnace, may 
now be produced from petroleum gases by means of cracking. 
Petroleum products have enjoyed some popularity as ingredients 
in non-fattening salads. Even the “‘smell’’ of petroleum has been 
put to use. The mercaptan family is largely responsible for the 
offensive odors. These are separated from the petroleum and 
sold to producers of manufactured gas as a warning odor in case 
of leakage. The manufacture of fatty acids from petroleum 
would release huge amounts of edible oils and fats for food. 


G. O. 

We may wear glass. ANon. Ind. Bull. of Arthur D. Little, 
Inc., 90, 4 (June, 1934).—We have often heard the proverb of 
long standing about ‘‘people who live in glass houses” and have 
seen it lose at least a portion of its truth in a sample at A Century 
of Progress in the form of a glass house which showed the sur- 
prising flexibility of glass fiber. ‘This material, which closely 
resembles bulk cotton in “feel,’’ is available now only in bulk 
form, but it should lend itself to the various textile processes by 
which the spinning grades of asbestos are converted into yarns, 
felts, and woolen fabrics. The finer grades of glass wool are used 
at present for heat insulation. The medium-to-coarse wools 
have been used largely in the manufacture of the unit air filter 
used in commercial and domestic air-conditioning service. 
Fibrous glass. production was undertaken a few years ago by the 
Owens-Illinois Glass Co., essentially as a by-product of their in- 
dustry to utilize the off-peak periods on their glass tanks, but the 
demand increased so rapidly that a new plant has been equipped 
at Newark, Ohio. 

The milk of human industry. Anon. Ind. Bull. of Arthur D. 
Little, Inc., 91, 3-4 (July, 1934).—Rubber latex in a number of 
properties is like cow’s milk. For many years attempts to use 
latex directly resulted in failure, but in recent years we have 
learned to transport latex in a stable condition, and hopes ran 
high with the availability of stabilized latex. It was expected 
that the use of rubber dissolved in organic solvents would come 
to anend. There was so much unsatisfactory industrial experi- 
ence that latex received a “black eye.”” Research, however, dug 
out the fundamentals until today the use of rubber latex is grow- 
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ing rapidly, although the total consumption of rubber through 
the direct use of latex is still a small percentage of the total con- 
sumed. The methods of manufacture of some types of carpets 
and pile fabrics have been revolutionized by the use of latex. 
Rugs of all kinds are rendered non-slipping by coating the backs 
with rubber latex and drying. Leather substitutes, often more 
substantial than the leather they replace, are made by saturating 
fibrous sheets of paper or cotton felts with latex. Rubber thread 
is now made from latex in a manner similar to the manufacture 
of cellulose fibers. One popular brand of automobile tire has its 
cords dipped in latex prior to the plying of the body of the tire. 
The use of latex is particularly adapted to the manufacture of 
dipped goods like surgeon’s gloves, balloons, etc. Vulcanized 
latex is now a regular commodity, and latex vulcanized and un- 
vulcanized can be compounded with various fillers to obtain 
economy, weight, stiffness, opacity, etc., with results similar to 
those of the old art but with surprising differences. G. O. 
Lacteal elixirs. Anon. Ind. Bull. of Arthur D. Little, Inc., 
02, 3-4 (Aug., 1934).—The dietetic qualities of fermented milks 
and ‘‘cultured”’ or clotted creams are likely soon to engage general 
attention. Since prehistoric times fermented milks have been 
used as foods. Each region and race produced its own character- 
istic product, the result of bacteria and yeasts found in that 
locality. Certain of these milks are acid, and mildly so, perhaps, 
but distinctly alcoholic, such as koumiss of central and eastern 
Asia, and kefir, used by the people of the Caucasus regions. Other 
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milks have very little or no alcohol, but are decidedly acid; for 
example, yoghurt of Bulgaria and Turkey. It is reported that 
the sour-milk preparation saya is richer in vitamins A and C, and 
yoghurt in vitamins A and D, than original raw milk. The use 
of skim-milk yoghurt and yoghurt potato or bran mashes is also 
suggested for animal feeding, the powdered skim-milk yoghurt is 
already attracting notice in bakeries where it is incorporated with 
the wheat flour to make ‘‘a nourishing and health-giving loaf.” 
It has been pointed out, in a skeptic vein, that to behold a glass 
of sour milk in the réle of the fountain of youth would be indeed 
a “trite ending of a romantic quest.’”” The longevity of the 
peoples of certain countries in which acid milk drinks formed an 
important part of their regular diet is being stressed. GG. O. 
Clear soup. ANon. Ind. Bull. of Arthur D. Little, Inc., 92, 
1-2 (Aug., 1934).—This is the story of a series of experiments and 
mechanical developments to control fog. Pumping even cheap 
chemicals into the air costs money, but where life and the con- 
veniences of traffic justify it, may be worth while. The idea 
back of the experiments is to put “thirsty water” into the foggy 
air to devour all the fog particles and then drop to the ground as 
rain. This was done first with powdered calcium chloride but 
finally a solution of this compound was used to furnish the 
“thirsty” or hygroscopic material. Any other suitable material 
might have served if it were sufficiently hygroscopic, cheap, and 
free from qualities objectionable to man or his buildings or vege- 
G. O. 


tation. 


HISTORICAL AND BIOGRAPHICAL 


A photographic centenary. Anon. Nature, 133, 977-8 
(June 30, 1934).—On June 23, 1934, a gathering took place at 
Laycock Abbey, Wiltshire, England, to do honor to Henry Fox 
Talbot (1800-77), who in that house, in 1834, first succeeded in 
producing photographic impressions on paper. 

Talbot graduated at Cambridge in 1821 and soon became 
known for his original papers in mathematics, physics, and 
astronomy. An F.R.S. in 1831, he was elected member of 
Parliament two years later. His experiments of 1834 were 
occasioned by an idea which had occurred to him while sketching 
with the aid of Wollaston’s camera lucida. .Their outcome was 
the development of Talbot’s first process, photogenic drawing, 
described to the Royal Institution by Faraday in 1839. 

A large exhibition of Fox Talbot’s early apparatus, negatives, 
and prints was shown, and among these was probably the earliest 
existing photograph, a window in Laycock Abbey. [The 
London Illustrated News, 184, 1050 (June 20, 1934) contains 
pictures of Talbot’s camera and reproductions of some of his 
early photographs. } F.“B.-D. 

William Hyde Wollaston, F.R.S. 1766-1828. ANON. 
Nature, 134, 86 (July 21, 1934).—July 4, 1934. Sir Frederick 
Gowland Hopkins, president of the Royal Society, unveiled a 
memorial plaque on the house at 14 Buckingham St., London, 
W. 1, occupied by Wollaston from 1801 to 1825. 

Six societies, the Royal, Geological, Astronomical, Chemical, 
Physical, and Mineralogical, coéperated in this expression of 
homage to the man who had contributed so much noteworthy 
scientific work in these different fields. 

Wollaston increased greatly our knowledge of platinum and 
discovered palladium and rhodium; in biochemistry he first 
isolated cystine. 

His analyses of minerals and the invention of the reflecting 
goniometer were fundamental contributions to geology and 
mineralogy, while the fields of optics, electricity, astronomy, 
and physiology were enriched by his labors. 

The work of Wollaston was especially appreciated by the 
great Swede, Berzelius; and Faraday in 1821 said that “his 
character and talents have raised him to be a patron and pro- 
tector of Science.” fB.D, 

Fifty years ago in the Royal Society of Edinburgh. D’A. 
W. Tuompson. Nature, 133, 934-7 (June 23, 1934).—Of interest 
to chemists is the following excerpt regarding Alexander Crum 
Brown (1838-1922) who was educated primarily at Edinburgh, 
but in addition studied with Bunsen and Kolbe. 

Two of his outstanding services to organic chemistry were the 
development (independently of Archibald Couper) of structural 
formulas, practically as we have them today; and the publica- 
tion in 1892, with John Gibson, of the Crum Brown rule for de- 
termining the position of tue entering group or atom in the 
benzene ring. He emphasized greatly the importance of mathe- 
matics in chemistry. The new field of physical chemistry ap- 
pealed to him, and there is preserved in the laboratory in Edin- 


burgh a lattice model for sodium chloride which anticipates by 
many years the work of Laue and Bragg. 

“With a certain peculiar affection we look back upon Crum 
Brown. He was one of our secretaries for a quarter of a century 
and a member of Council for more than forty years. I have al- 
ready spoken of him sitting quietly at the table, with his little 
velvet cap upon his head, keenly alive to everything but speaking 
seldom. Once indeed he brought down the house, with a sort 
of magic bottle, which squeaked out vowel sounds in a voice not 
unlike his own, and in so doing demolished a theory of Fleeming 
Jenkin’s to which the Society had listened a few nights before. 
We students behaved none toowell during his lectures, from which 
we came across the quadrangle to sit quiet as mice under Tait. 
But we learned afterward how fine, how erudite, how prescient, 
how suggestive, how educative Crum Brown’s lectures had been. 

“‘He was a man of very great originality; he was always before 
his time. When he took his degree, at three-and-twenty, his 
thesis ‘On the Theory of Chemical Combination’ won no prize, 
nor was it printed until many years afterwards; but it was a 
wonderful exposition of structural chemistry, and contained a 
system of graphic formule, undreamed of at the time, but to all 
intents and purposes that which came ultimately into universal 
use. He began teaching in a little extra-mural laboratory of his 
own in High School Yards, to the smallest of classes. He 
used to come down to our house of an evening and say (in a 
voice that some of us can still hear): ‘“‘As I was saying to my 
man to-day!’’—this was his only student. The great John 
Hunter himself had once nomore! But when the University chair 
became vacant on Lyon Playfair’s retirement, Crum Brown was 
known toand recommended by Bunsen, Hofmann, Wohler, Baeyer, 
Kolbe, Beilstein—in short, by the greatest chemists of the day. 

“He was a man of insatiable curiosity, interested in what he 
did not know more than in what he knew. He wrote an impor- 
tant paper on the semi-circular canals of the ear and their func- 
tions; and illustrated it by curious experiments and exquisite 
anatomical preparations. He had a passion for making models, 
geometrical and other. There were times when the glue- 
pot was always by his fire, and cardboard always ready to his 
hand; when he was very old indeed he lay quietly knitting, and 
the little mats he knitted were recondite models of interlaced 
figures and interwoven surfaces. He had both of these hobbies 
in common with Maxwell. For Maxwell had made some of the 
same models when he was a schoolboy, and his are in the Caven- 
dish Laboratory to this day; and he once knitted a kettle-holder 
gayer than the rainbow, for it depicted a square of unannealed 
glass placed between crossed Nicol’s prisms. 

“Crum Brown was at heart a mathematician. He said that 
unless the young chemist learns ‘the imperial language of science,’ 
the higher branches of chemistry (which require reason as well as 
skill) will pass out of his hands.” 

An obituary of Crum Brown with portrait will be oh in 
J. Chem. Soc., 123, 3422 (1923). F. B. 





RECENT BOOKS 


A LABORATORY BOOK OF ELEMENTARY ORGANIC CHEMISTRY. 
Alexander Lowy, Ph.D., Professor of Organic Chemistry, Uni- 
versity of Pittsburgh, and Wilmer E. Baldwin, Assistant 
Professor of Organic Chemistry, University of Pittsburgh. 
Second edition. John Wiley & Sons, Inc., New York City, 
1934. 44 Expts., ix + 182 pp., 74 Figs. 22 X 28.5 cm. 
$2.50. 

The present edition follows the first edition [J. CHem. Epuc., 
4, 1448 (Nov., 1927)] in close detail. Unusual features of the 
book apparently have appealed to its users. For example, the 
practice of gaining codperation of industrial firms who have sup- 
plied cuts of apparatus and machinery is continued. Students 
are introduced to the manufacturing phase while they are learn- 
ing the essential facts of theoretical chemistry and laboratory 
practice. This unique plan is commended. 

Drawings of suggested set-ups for laboratory practice are good 
and in several instances enough different from other manual de- 
scriptions to warrant attention and use. 

The authors have arranged perforated sheets, affording an easy 
method of submitting reports. FRIEND E. CLARK 


WEsT VIRGINIA UNIVERSITY 
MorGANTOWN, W. VA 


A TEXTBOOK OF ORGANIC CHEMISTRY. Joseph Scudder Chamber- 
lain, Ph.D., Professor of Organic Chemistry, Massachusetts 
State College. Third edition revised. P. Blakiston’s Son & 
Co., Inc., Philadelphia, 1934. xxv + 873 pp. 14 X 21 cm. 
$4.00. 


The main objects of the revision of this text are, according to 
the author, to effect condensation of the more important aspects 
of the subject, and to incorporate recent developments in certain 
fields. The original plan and scope of the work have not, how- 
ever, been materially changed. The subject matter has been 
rearranged to isolate in a separate section the discussion of spe- 
cial groups, as Dyes, Alkaloids, etc., which though desirable are 
not essential to the presentation of the fundamentals of the sub- 
ject. 

The author has made a step in the right direction in his effort 
to reduce the main body of the text more nearly to the essentials. 
In the reviewer’s opinion further shrinkage might be effected by 
the omission of more of the comparatively irrelevant portions 
dealing with special compounds and technical processes. The 
latter territory is particularly dangerous for the academician, as 
industrial processes, like fashions and morals, depend much upon 
environment and local economic conditions. Of limited value 
in any case from the pedagogic point of view, their value be- 
comes even doubtful when (as given on p. 751) the process for 
the production of a substance as important as synthetic camphor 
is misrepresented with obsolete procedures and incorrect struc- 
tural formulas. A similar criticism might be directed at the 
futility of treating rubber in a special section in which the Har- 
ries structure is discussed, but the commonly accepted linear 
polymer structure completely ignored. One is tempted to ques- 
tion the precise function of a textbook which is possibly too 
voluminous for introductory courses, and inadequate in content 
and treatment for the advanced student. 

Many of the errors of fact which appeared in the earlier edition 
have been eliminated. While there is among teachers much 
difference of opinion as to the order of presentation of the vari- 
ous topics, the reviewer still feels that the order of the introduc- 
tory chapters (paraffins, halogen compounds, amines, phosphorus 
and arsenic compounds, nitriles, iso-nitriles, organo-metallic 
compounds, alcohols) has more to condemn than recommend it. 
The advantage of furnishing the student with a background of 
structures and reactions for the study of the oxygen functions is 
dubious in view of the fact that the latter are in most cases the 
materials from which the same background is ¢onstructed. 

The introduction of the simpler adaptations of the electronic 
concepts of Lapworth and Robinson is a welcome addition. 
Further discussion from this valuable viewpoint, and in particu- 


lar the applications of the notion of induced polarities in atomic 
chains, would be desirable. 

The book is sound in theory, and remains, on the whole, an 
excellent text for the beginner. The author makes liberal use 
of graphical formulas and tables, and has taken considerable 
pains to explain the subject clearly. The study questions are 
well chosen, and should serve the student admirably as a means 
of testing his own knowledge and correlating the various func- 
tional groups. In spite of his criticisms the reviewer has no 
hesitation in recommending this text to students and teachers 
of organic chemistry. W. C. MacTavisH 

WASHINGTON SQUARE COLLEGE, NEW YORK UNIVERSITY 

New York City 
A LABORATORY MANUAL OF INORGANIC CHEMISTRY to ac- 
company Holleman’s Text Book or INORGANIC CHEMISTRY. 

John B. Ekeley, Ph.D., Sc.D., Professor of Chemistry, Uni- 

versity of Colorado. Fourth edition. John Wiley & Sons, 

Inc., New York City, 1934. x + 293 pp. 47 Figs. 15.6 

X 23.6 cm. $2.00. 

The author’s justification for this edition of the book is that 
it contains 34 pages (including 18 blank pages for notes) devoted 
to an “Introduction to Qualitative Analysis.’”’ With the ex- 
ception of the addition of 7 electrochemical problems and the 
omission of one experiment involving chloroplatinic acid and 
another concerned with the effect of silicon and ferrosilicon on 
platinum, the first 259 pages are identical with the third edition, 
including two typographical errors in the contents. 

The analytical section is quite condensed but perhaps is suffi- 
ciently complete when the laboratory work is performed under 
the direction of an able instructor. The instructions for a few 
of the usual preliminary cationic experiments are given; these 
are to the point and will not cause the first-year student to be- 
come “‘sunk without a trace’’ as is often the case when the in- 
structions are too detailed. Barring the confirmatory tests for 
Zn*++ and Mg*+, the block outlines for group cationic analysis 
are of the standard type. Approximately 2 pages are given over 
to 15 of the common anions—four of these being organic. 

The author speaks of ‘‘twenty-four common metals” (p. 263) 
and then tabulates them as cations. On p. 265 the implication 
is that the hydroxides of iron and manganese are soluble in am- 
monia; also, on p. 267, that HgNH2Cl is black. Perhaps the 
least important of the basic salts—that of bismuth—is the only 
one to which attention is directed. The statement (p. 267) that 
in an ammonia solution, ‘‘most of the ammonia is in the form of 
hydrated NH; molecules’ is not borne out by the more recent 
conductivity studies of aqua ammonia. The phosphate ion is 
covered in anion analysis (p. 291), but no provision is made for 
its interference in the cation section. With the exception of a 
few manipulations, technics and also theory of analysis are want- 
ing in the analytical section. Ionization and solubility product 
are amply presented in the inorganic part of the book. 

A casual search of the literature does not reveal a review of 
the third edition of the book, hence a review of the inorganic 
part of the present edition may be desirable. 

The format is excellent; the content is very accessible; and 
the book is unusually devoid of typographical errors. More 
extensive legends on the diagrams would be helpful to the stu- 
dent. It contains 168 exercises, a few of which are for the more 
ambitious students, and 166 problems. It sahians in the recog- 
nized first-year chemistry books. 

Unfortunately, the author was obliged to ennai the volume 
with the text which it is designed to accompany. The prefix 
bi for CS, and K2Cr,0; is not commonly accepted in the United 
States. The study of atomic weights and of salt solutions occurs 
quite late. The laboratory study of mineral specimens of the 
heavier metals is undoubtedly quite welcome in the noted min- 
eral-producing states. The reviewer cannot subscribe to the 
study, in an elementary course, of chlorine dioxide, oxygen com- 
pounds of iodine, persulfuric acid, hydroxylamine, silanes, and 
sodium nitroprusside. The calculation of the weight of a liter 
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of oxygen by means of algebraic formulas is not commendable. 
Numbering of the questions would ease the task of reading the 
notebooks. 

Few laboratories are so fortunate as to be able to furnish in 
quantity to the elementary students items such as galvanoscopes, 
2- and 3-neck Woulff bottles, fancy ozonizers, Hofmann eudiome- 
ters, gold leaf, Kipp generators, and platinized asbestos. 

Jesse E. Day 

Tue Onto STATE UNIVERSITY 

Co.umBus, OHIO 
EINFUHRUNG IN DIE ORGANISCH-CHEMISCHE LABORATORIUMSTECH- 

NIK. Dr. Konrad Bernhauer, University lecturer, German 

University of Prague; Director of Biochemical Laboratory. 

Julius Springer, Berlin, 1934. x + 129 pp. 50 Figs. 8 

Tables. 138 X 20.5cm. 4.80 RM. 


This manual is ‘‘to be considered as an introduction especially 
intended for the practitioner in the organic chemical laboratory. 
It should present a survey of the usual available methods of pre- 
parative organic chemistry, particularly from the viewpoint of 
laboratory technic; it should familiarize the laboratory techni- 
cian with the most important apparatus and methods of utilizing 
them.”’ 

In the introductory chapter the significance and purposes of 
organic chemical work are explained, organic reactions are classi- 
fied and tabulated, principles of synthesis and methods of de- 
termination of constitution are outlined. Isolation, purifica- 
tion, classification, and identification of organic substances are 
also briefly reviewed. 

Chapter I deals with chemical operations in general, describing 
principles involved and methods of procedure. The discussion is 
divided into three parts, namely, heating, cooling, and vacuum 
apparatus and methods, with an appendix on general methods 
of working with gases. 

Chapter II is devoted to methods of conducting organic re- 
actions and describes methods for homogeneous and heterogene- 
ous systems at pressures above and below atmospheric, absorp- 
tion of gases, and hydrogenation. ; 

Chapter III presents the methods and operations for the iso- 
lation and purification of organic substances which are divided 
into distillation, sublimation, extraction, crystallization, and 
adsorption. 

There are four appendices describing methods for handling 
glass apparatus, cork, rubber, metal, etc.; methods for working 
with vesicant, poisonous, explosive, and easily inflammable ma- 
terials; general laboratory instructions and precautions; and 
instructions for recording observations and preparing publica- 
tions. 

This manual limits itself to well-demonstrated procedures and 
apparatus of preparative organic chemistry which are suitable 
for modern usage. Historical development is omitted entirely. 
The material extends beyond a mere outline of an elementary in- 
troduction (such as is found in most practical textbooks) and 
includes more advanced methods. The author has tried to 
avoid confusion and be as practical as possible. In cases where 
certain apparatus may be constructed in several different ways, 
the most expedient form is described first. The methods are 
arranged to facilitate the selection of the most suitable for speci- 
fied purposes. 

Special emphasis is placed upon the description of preparative 
semimicro and micro methods which go hand in hand with cor- 
responding analytical methods. This discussion is particularly 
valuable as these methods have had no exhaustive treatment 
from the standpoint of laboratory technic and can be found only 
as parts of original investigations. 

This book is especially to be recommended for the beginner in 
organic research. The material is well classified and includes 
most fundamental laboratory operations and apparatus in con- 
cise form. To the reviewer, the only possible criticism is that 
the fifty figures do not seem to be quite enough. A few diagrams 
or illustrations on the more complicated set-ups would be desir- 
able. M. H. DasKats 
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AN INTRODUCTION TO PLANT BIOCHEMISTRY. Catherine Cassels 
Steele, M.A., B.Sc., Ph.D. (St. Andrews), sometime lecturer 
in chemistry at the Horticultural College, Swanley, Kent; 
formerly Commonwealth Fund Fellow in Organic Chemistry 
at the University of Illinois and at the Converse Memorial 
Laboratory, Harvard University, U.S. A. G. Bell & Sons, 
Ltd., London, 1934. xxx + 331 pp. 12 Figs. 14 X 22cm. 
15/- net. 


Written with the ‘‘encouragement, criticisms, and editorial 
help” of Professor John Read, this volume appears under excellent 
auspices. The aim of the author is ‘“‘to make the book useful to 
students” of botany, in preparation for studies of plant biochem- 
istry, ‘‘who have had no training in organic chemistry’”’ and to 
develop the subject “‘logically from the start according to the 
modern theories of organic structure.’’ This is, indeed, a diffi- 
cult undertaking, and in principle the task is done very well. 
The material is well selected, logically organized, and presented 
in a surprisingly clear manner. 

Some eighty simple experiments are introduced, which serve 
to illustrate points made in the text. 

The contents are discussed under the following headings: 
introduction; alcohols, fatty acids, fats and oils; aldehydes, 
ketones, and carbohydrates; plant acids; proteins and related 
compounds; cyclic compounds; plant metabolism. The book 
closes with a bibliography, index of botanical names, and general 
index. 

Approximately the first half of the book is necessarily devoted 
to elementary organic chemistry, with special reference to botani- 
cal chemistry. During the remainder of the book the student 
is apparently presumed to have mastered the necessary funda- 
mentals of organic chemistry and is accordingly introduced into 
the more complex processes of plant economy. 

If there are students in plant chemistry who must, unfortu- 
nately, do without preliminary training in organic chemistry, then 
Dr. Steele’s book will be found highly satisfactory. In fact, it 
ought to prove excellent collateral reading for the student of or- 
ganic and also pharmaceutical chemistry. 

WALTER HARTUNG 


SHarpse & Doug, INc. 
PHILADELPHIA, Pa. 


MISCELLANEOUS PUBLICATIONS 


A BIBLIOGRAPHY OF INDIUM, 1863-1933. Compiled by Herbert 
A. Potratz and John B. Ekeley. Reprinted without change 
of paging, pp. 151-87, from University of Colorado Studies, 
Vol. 21, No. 3, 1934. University of Colorado, Boulder, 
Colorado, 1934. 25.50 X 17.50 cm. 


Tue INDUSTRIAL UTILITY OF PUBLIC WATER SUPPLIES IN THE 
UNITED STATES, 1932. Geological Survey Water-Supply 
Paper 658. W. D. Collins, W. L. Lamar, and E. W. Lohr. 
U. S. Dept. of the Interior, 1934. iv + 185 pp. 2 Figs. 
15 X 23cm. For sale by the Superintendent of Documents, 
Washington, D. C., $0.15. 

The greater part of this bulletin (pp. 38-135) consists of a 
tabulation of information concerning public water supplies of the 
larger cities of the United States and of analyses of water samples 
from them. The portion of the report most likely to be of value 
to teachers and students of chemistry is the brief preliminary 
discussion (pp. 1-37) of the constituents of natural waters, the 
treatment of municipal water supplies, and the industrial treat- 
ment of water from public supplies. 


The Dow Chemical Company, Midland, 


Dow CHEMICALS. 
101 pages. Numerous halftones. 21 X 


Michigan. 1934. 

28 cm. 

This handsomely illustrated catalog includes a table of contents 
and an index. Dow products are classified as Industrial Chemi- 
cals, Pharmaceutical Chemicals, Dyes, and under several minor 
headings. Products are listed under their common or trade 
names and synonyms and chemical formulas are given. Full 
information as to properties, specifications, uses, shipping classi- 
fication, and packing is given. 
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HUANG-TI, THE LEGENDARY 
FOUNDER OF ALCHEMY 


The picture, reproduced from the Lieh Hsien Ch’tian chuan 
(Complete Biographies of the Immortals), shows the legendary 
Yellow Emperor, Huang-ti, humbly seeking knowledge of the 
Tao (Way) in the cave of Kuang-ch’éng-tzu. It is told of him 
that after he had received the instruction—‘“In the daytime his 
spirit visited the country of the Hua-hsu-shih. It was situated 
west of Yen-chou and north of T’ai-chou. It was tens of thou- 
sands of miles away from the Middle Empire. The actual dis- 
tance was not known for it could not be reached by wheel or by 
boat or even on foot. One could get there only in spirit. The 
country was without rulers. Its people had no indulgences. 
They did not love to live, nor did they loathe to die. And so 
they did not die untimely deaths. They did not hold themselves 
dear and they showed indifference to things. And so they did 
not have love and hatred. They did not turn against those who 
opposed them or favor those who agreed with them. And so 


they were not concerned with losses and gains. They were 
without love and favor. They were free from fear and hatred. 
They were not wet by water nor heated by fire. They were wont 
to stay in space as if it were solid and to lie in emptiness as if it 
were a bed. Clouds and fogs did not interfere with their power. 
Thunder and lightning did not trouble their hearing. Good and 
evil did not bother their hearts. Mountains and peaks did not 
hinder their steps. For it was the spirit that was moving about.” 

At a later time Huang-ti procured copper, fashioned it into a 
Ting (tripod, alchemical furnace), and ascended the dragon with 
some seventy members of his court and household. 

Wei Po-yang mentions Huang-ti as one of the masters of al- 
chemy, and designates the art by the name of Huang-Lao, a 
word compounded from the names of Huang-ti and Lao-tzu, the 
founder of Testes. (Contributed by Tenney L. Davis. Trans- 
lation by Lu-Ch tang Wu.) 
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[' DEFENSE OF BIG WORDS. The expressed interest 


in the subject matter of our September editorial encourages 

us to further discussion of the art of writing, despite our 
sense of inadequacy to the task. There is a superstition which 
our schools and our humorists have combined to foster and 
against which no rhetorician, so far as we know, has protested. 
We venture, therefore, to examine critically the taboo against the 
use of “big words.” 

Like all taboos, this one is designed to keep people who are 
presumed to be incapable of thinking for themselves out of 
trouble. Familiar examples are: ‘Never lead from a tenace,” 
and “Never begin an attack until all your pieces are developed.” 

We have always disliked the taboo method of education and 
regulation. When it does not reduce the subject to a state of 
mental inertia it informs him that his preceptor is a fool, if sin- 
cere, or a hypocrite, if not. The fact that some people misuse 
“big words” is poor excuse for teaching children that ‘‘big words”’ 
should never be used when little ones can be made to serve. If 
the child is tractable or lazy he immediately sets a limit upon his 
own vocabulary and, moreover, he leaps to the baseless conclusion 
that people who have not so handicapped themselves are vain 
and ostentatious. 

Just what, after all, is a “big word?’’ Not necessarily a long 
one, certainly. Not even a polysyllabic one. Many words 
which nobody considers ‘“‘big”’ run to four or even five syllables. 
Apparently a word looks ‘‘big”’ if it is unfamiliar to the reader, or 
if it is one which he would not ordinarily use in conversation. 

We arrive now at the question of the respective responsibilities 
of writer and reader. Written matter is presumably a medium of 
communication. How far must the sender go in making his 
message easy to catch? How much codperation has he a right 
to expect from the receiver? 

The answers to these questions obviously depend upon the 
circumstances in a given instance. If one is writing advertising 
copy he has no right to expect anything of his reader save the 
ability to read. (Some advertising scarcely presupposes even 
that.) The entire burden of explanation and persuasion rests 
upon the writer. 

If, on the other hand, one undertakes to expound an original 
scientific or philosophical idea, his primary responsibility is 
toward his subject matter rather than toward his reader. He 
must study to say economically and precisely what is meant— 
no more, no less. When the writer has done that any remaining 
responsibility devolves upon the reader. 

These are the two extremes. Innumerable intermediate situa- 
tions might be suggested. 

When a writer has determined the degree of his own responsi- 
bility, he must further examine his intentions. His choice of 





language will depend to some extent upon whether his purpose is 
informative or impressionistic. In actual practice the writer 
usually has a dual aim. 

The proper selection of words, therefore, is conditioned by the 
nature of the subject matter, the purpose of the author, and the 
estimated intelligence, education, and emotional susceptibility of 
the audience. 

With this preliminary clarification accomplished, let us ex- 
amine a few specimens to see if it really is true that anything 
worth saying can be as well said as possible in “‘simple” language. 

“|. . In general we mean by any concept nothing more than 
a set of operations; the concept is synonymous with the correspond- 
ing set of operations. . . . 

‘“‘We must demand that the set of operations equivalent to any 
concept be a unique set, for otherwise there are possibilities of 
ambiguity in practical applications which we cannot admit.” 

Bridgman’s statement contains no real ten-dollar words, but 
we believe that the ordinary reader would grade it for a fair six- 
bit average. To the first lover of literary simplicity who can 
say the same thing better (or as well) in five-and-ten-cent words 
we will award a pound of the finest Reading pretzels. 

When we begin to take into account not only the exact senses 
of words but their impressionistic properties as well, we see how 
difficult it is to make substitutions at will. It is not at all the 
same thing for a defense attorney whose client has been caught 
red-handed to plead kleptomania as it is for him to admit theft. 

It may come to about the same thing in the end to say that a 
fictional character is a nymphomaniac as to quote James Branch 
Cabell to the effect that she ‘‘had no especial talent for virtue.” 
The sense, however, is scarcely the same, and the psychological 
impression produced is very different. 

If I remark to one interlocutor that a mutual acquaintance 
“can’t take it’’ and to another that the same person is a victim of 
dysphoria, both listeners will get the general idea, but the second 
will come nearer knowing what is in my mind. 

A taboo is a sacred interdiction but the impressionistic proper- 
ties of the two terms differ. 

The statement that ‘‘a high B. colt count in well water is pre- 
sumptive evidence of fecal contamination” is certainly more 
appropriate to a textbook on bacteriology than the equivalent in- 
terpretation that James Joyce might offer a farmer. 

There is no personal devil who maliciously manufactures use- 
less ‘“‘big words.” The fact that a word exists may usually be 
taken as prima-facie evidence that there is a proper use for it. 
No writer should neglect to find that proper use and to take ad- 
vantage of it when occasion warrants. No reader should resent 
the implied compliment in a writer’s assumption that said reader 
possesses an adult vocabulary. 





CONTRIBUTIONS # OUR 
KNOWLEDGE of CHOLESTEROL 


STEFAN MINOVICI ann M. VANGHELOVICI 


The Institute of Chemistry, Bucharest, Roumania 


In this article the authors describe succinctly their 
researches on cholesterol, especially from the physiological 
point of view, which culminated recently in a partial bio- 
synthesis of this substance. The importance of choles- 


terol for the animal organism is pointed out especially 


++ + 


HOLESTEROL is widely disseminated through- 
out the animal kingdom. Indeed it may be said 
that all cells of an organism contain this sub- 

stance—naturally in different proportions. The great- 
est amount is found in brain tissue, suprarenal glands, 
etc. The human brain contains considerable quanti- 
ties of this substance, ranging as high as 17% of the 
dry material (1). 

Cholesterol belongs to the great class of the sterols 
which are subdivided into zodsterols, 7. e., animal sterols, 
and phytosterols, 7. e., vegetable sterols. It is evident 
that this substance, so widely disseminated in the living 
world, is of especial interest both with regard to its 
chemical composition and to its physiological properties. 

With regard to the structure of cholesterol, the 
following formula was established in 1932 as a result of 
the vast research undertaken by Windaus, Wieland, and 
Rosenheim (2). 


CH, 

| CH; 
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This formula shows clearly how extremely complicated 
is this substance containing four hydroaromatic rings 
and a side chain of eight carbon atoms. Ring I carries 
a hydroxyl group and Ring II contains a double link. 
The hydroxyl group enables cholesterol to form esters. 

During our investigations of this substance, which 
date as far back as twenty years ago, we have obtained a 
series of derivatives which have contributed to the 
elucidation of the structure of this substance, especially 
with regard to the number of the carbon atoms of Ring 
II, which we demonstrated to be six (3). 

We shall not describe in detail the ‘chemistry of 
cholesterol, which would necessitate an article in itself; 
we shall merely point out the various physiological 
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for the nervous system where, according to the authors, 
it protects and isolates nervous fibers. The metabolism 
of this substance under various conditions is also described 
as well as its relationship to other substances such as bile 
acids, sexual hormones, saponins, heart poisons, etc. 


++ + 


properties of this substance and outline a partial bio- 
synthesis which was accomplished in our laboratories 
recently. 

With regard to the réle of cholesterol in the animal 
organism, it was first pointed out that this substance 
exerts a powerful antihemolitic and antitoxic effect in 
antagonism to hemolitic substances and microbic toxins. 
For this purpose various substances were tested, such 
as: sera of animals of various species, venom of ser- 
pents, trypanosomes, microbic toxins, saponins, soaps, 
glucosides, etc. All these tests im vivo and in vitro have 
shown, beyond question, the importance of cholesterol 
as an antihemolitic and antitoxic agent. By way of 
illustration we shall cite only a classical experiment of 
Morgenroth and Reichert (4). 

They administered cholesterol to a guinea pig from a 
lot of three, the other two receiving nothing. Next day 
cobra venom was injected into these animals. The 
results were very convincing. The guinea pig which 
received cholesterol maintained a normal blood, while 
in the other two the number of erythrocytes dropped by 
one-half. 

Such experimental findings are supplemented by the 
observation that in the course of various infectious 
diseases, such as tuberculosis, typhoid fever, and 
diphtheria, the blood of cholesterol decreases, evidently 
due to the tendency of cholesterol to combine with the 
toxins secreted by the microbes. During convales- 
cence, we witness an upward trend of the cholesterol 
content of the blood, which constitutes a favorable 
diagnostic. 

On the other hand, cholesterol plays a very impor- 
tant réle in the equilibria of cell permeability. Indeed, 
Overton has shown that all cells are limited by a mem- 
brane composed of phosphatides and cholesterol. 
Thus, when distilled water is injected in the blood 
hemolysis takes place, which, however, does not happen 
if we first inject cholesterol. Overton, on the basis of 
his researches, has postulated his theory of the action of 
anesthetics. 

The third remarkable property of cholesterol is its 
capacity to absorb large amounts of water (hydro- 
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philia). This property often gives rise to pathological 
phenomena such as hydatic cysts. 

Further, cholesterol is the raw material from which, 
very probably, are derived the bile acids, so important 
for the process of digestion, especially for the absorption 
of fats and the peristaltic movements of the large 
intestine. 

The mechanism of the degradation of cholesterol into 
bile acids which, afterward, are coupled with the two 
amino acids glycocol and taurine to give glyco- and 
taurocholic acids, is still obscure. Some authors think 
even that bile acids may be derived from a common 
raw material which also gives rise to cholesterol in the 
animal organism (5). Still, it is probable that this deg- 
radation could easily be accomplished by the animal 
organism by a series of dehydration, hydration, and 
oxidation processes which are common in the vital 
processes. 

Cholesterol is, moreover, very closely connected 
structurally with the recently discovered sexual hor- 
mones (6), cestrin, saponins, heart poisons (strophanti- 
din), snake venoms, etc. 

In a lecture delivered before the Société de Chimie 
Biologique of France in 1927 (7), we advanced the 
hypothesis that this substance which always accom- 
panies nervous matter plays there a protective and 
isolating réle. We learn from physiology that the 
fibers originate in the grey matter, are simple conductors 
which transmit nervous impulses exactly as electric 
cables transmit electricity. As a matter of fact, 
if we examine a cross-section of a myelin fiber we see 
that it is, exactly like an electric cable, composed of 
several wires covered with an insulating material, which 
in the nervous fiber is composed of myelin. Myelin, 
on the other hand, contains appreciable quantities of 
cholesterol. Indeed, our analyses of human brain have 
proved that white matter, constituted nearly exclu- 
sively of fibers, contains up to 17% cholesterol on the 
basis of the dry material. 

Now a fundamental principle of physiology tells us 
that living matter is dominated by the principle of 
economy. In illustration we have only to recall that 
in a single microscopic cell several reactions occur simul- 
taneously which in vitro would undoubtedly necessitate 
the space of large laboratories. Thus, this large 
quantity of cholesterol in the white matter cannot be 
without any purpose. On the other hand, to compare 
electricity with nervous impulses is quite rational, 
because, as we know from modern physiology, a 
difference of potential exists between the section and 
surface of a nerve fiber; 7. e., we have there an electric 
polarization. The nervous impulse is probably trans- 
mitted by a series of minute discharges of tiny batteries, 
which by a still unknown chemical process would give 
rise to superior energy of the nervous impulse. Fur- 
ther, we have the fact that cholesterol belongs to the 
terpene group which comprises excellent electrical 
insulators. 

Next, we have the following experimental evidence: 
(a) In various morbid conditions, the fibers prob- 
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ably lose a part of their cholesterol, which is taken by 
the blood stream. What happens then? The various 
sensations traveling along the fibers are intercepted by 
neighboring fibers because of the lack of insulating 
material (7. e., cholesterol). From this phenomenon 
result the characteristic confusions of mental diseases. 
Since cholesterol is taken by the blood stream, we 
should observe in the case of nervous fits an excess 
of blood cholesterol, which our experiments as well as 
those of other researchers confirm. 

(6) Secondly, this excess of cholesterol may appear 
in the cerebrospinal fluid, a humor associated with 
blood. Indeed, Gobel and Pighini (8) have found 
that this actually happens by observing an increase of 
the cholesterol content of the cerebrospinal fluid in the 
cases of mental disease. 

(c) The action of anesthetics may also be ex- 
plained by assuming a dissolution of cholesterol by the 
anesthetics giving rise to a general confusion which is 
the narcotic sleep. As, however, in this case the reac- 
tion is reversible, on waking the cholesterol is recovered 
from the blood. 

(d) The evolution of the insulation of nervous 
fibers is indicated by analyses of the white brain matter 
of childrea as compared with that of adults. While in 
children, according to the analyses of Koch (9), the 
white matter contains only 1.8% cholesterol, in adults 
it contains as high as 17%. We see thus in this in- 
creasing insulation of the nervous fibers a connection 
between the difficult perceptions of the child and the 
clear and numerous ideas of the normal adult. 

It is important to recall here that substances in the 
animal organism are usually burned completely to 
carbon dioxide and water, or degraded into simple 
molecules such as urea, creatine, ammonia, etc. How- 
ever, the complex tetracyclic frame of cholesterol re- 
mains intact throughout the various stages of metabo- 
lism, only the side chain undergoing various changes. 
Thus, it constitutes a powerful network which protects 
more fragile molecules, a fact demonstrated by the 
presence of cholesterol in association with phosphatides 
in the cell membrane. It is interesting to see, there- 
fore, how this substance has been chosen by Nature to 
aid in regulating the wonderfully delicate reactions of 
the human brain. 

Another function of cholesterol in the brain is the 
neutralization of various toxins of microbian or ali- 
mentary origin which are brought by the blood stream. 
Cholesterol constitutes here a real protector, for the 
slightest fault may endanger the very existence of the 
individual, for truly has Bordet said that, ‘‘La vie est un 
équilibre incessament menacé.” 

A defective metabolism of cholesterol may give rise 
to various morbid phenomena, such as gallstones, 
arteriosclerosis, oedemata, etc. The formation of gall- 
stones may be explained as follows: Bile contains a 
fixed proportion of cholesterol in dissolution; in case of 
an obstruction of the choledochus, the concentration 
increases and cholesterol is deposited in the crystalline 
state. In arteriosclerosis, the cholesterol blood con- 
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tent is high and cholesterol is deposited on the arteries, 
especially in the aorta, where it is found associated with 
salts of magnesium. Jastrowitz (10) has produced 
experimental arteriosclerosis by feeding a guinea pig a 
diet very rich in cholesterol. 

he 


We have investigated recently the origin of this 
important substance; 7. e., we have attenipted to see 
whether it is derived exclusively from the food or is 
also synthesized in the body, and, if so, the organ which 
synthesizes it. In the first place, we have tried to 
establish the raw material from which cholesterol may 
be formed in the animal organism by synthesis. 

There is no doubt that microérganisms and plants 
are capable of effecting this synthesis. Thus, yeast 
grows normally in a carbohydrate medium. The 
question then arises, which is the raw material from 
which sterols in general are derived? 

From theoretical considerations it follows that fatty 
acids by cyclization could give rise to the tetracyclic 
skeleton of the sterols, although some authors (11) 
think that carbohydrates are the raw materials from 
which these substances are derived. 

The animal organism contains, in addition to the 
ordinary fatty acids, acids with very long chains, such 
as cerebronic acid with 24 carbon atoms, lignoceric 
acid with 24 atoms, and nervonic acid, the last being 
unsaturated. Ruzicka has shown very clearly the 
genetic relationship between oleic acid and cibetone, 
a cyclic ketone with 17 carbon atoms. 


CH - (CH:);-COOH 
CH - (CH2)7-CH; 


oleic acid 
The sterol skeleton would probably arise from such 
cyclizations of long chains.* 

In order.to obtain indications as to the raw material 
from which cholesterol originates in the animal or- 
ganism, we have analyzed the serum of dogs subjected 
to various diets, carbohydrate, protein, or fat (12). 
Only oleic acid causes an appreciable increase of 
cholesterol in the blood serum. 

In another series of experiments involving bugs 
(blatta germanica) and mice subjected to various diets, 
we have analyzed the entire animal. Here again we 
_ have ascertained that oleic acid causes an increase of 

the total cholesterol content of the organism. 

Consequently, it appears that cholesterol derives very 
probably from oleic acid and may be synthesized in the 
organism from this substance or from other unsaturated 
fatty acids. 


CH-(CH2); 
CH-(CH:) 


cibetone 


* * * 


In view of the remarkable capacity of the liver for 
various synthetic operations, we have tried to ascertain 


* Moreover, we find in the liver of elasmobran¢h fish very long 
chain hydrocarbons like squalene which occur together with the 
respective sterols. See ANDREE, Bull. soc. chim., (4), 45, 498 
(1929), and Karrer, Helv. chim’. Acta, 14, 78 (1931). 
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whether or not this organ is the seat of the synthesis of 
cholesterol. For this purpose we extirpated aseptically 


the liver of a dog, to which, after homogenization, we 
added a known quantity of oleic acid.j| The mixture 


was then maintained at 37°C. for about 20 days. 
Cholesterol was estimated gravimetrically at the 


beginning of the experiment and afterward at regular 
intervals. Cholesterol increased continually, indicat- 


ing a synthesis of this substance with the aid of the 
enzymes of the liver. In this manner we have realized 


for the first time a partial biochemical synthesis of 
cholesterol. We later investigated the ability of the 


other important tissues, such as the spleen, to synthesize 
cholesterol with positive results. 


We see, therefore, that the animal organism is ca- 
pable of effecting catalytic cyclizations of linear carbon 
chains with the aid of those wonderful reagents, 
the enzymes. When we consider that such cyclizations 
of long chains in the laboratory necessitate the action 
of drastic reagents like aluminum chloride (13), we 
admire still more the reactivity of these enzymes. 
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SULFUR from 
POPOCATEPETL’ 
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INCE ancient times it has seemed perfectly natural 
to associate the element sulfur with smoking volca- 
noes. The largest accumulations of the yellow 

“‘burning stone’”’ have been found in volcanic regions of 
the earth, although in some cases it is difficult to trace a 
connection between the brimstone beds and the nearby 
fiery furnaces. The fact is that in the most important 
producing areas, those of Sicily and the American Gulf 
Coast, the sulfur happens to occur in sedimentary 
structures. 

Deposits of sulfur resulting directly from volcanic 
activity have rarely been of much commercial signifi- 
cance. For centuries the ‘‘Gold of Sicily’? dominated 
the world markets and in recent years the immense re- 
sources of the Gulf Coast have made this region pre- 
eminent. Volcanic craters have been and still are ex- 
ploited in Japan and Chile, but the production has al- 
ways been relatively small. 

In many respects, however, one of the most interest- 
ing sulfur mines in all the world lies within the crater of 
a famous volcano in old Mexico. 


SMOKE MOUNTAIN 


In the great wall of mountains about the Valley of 
Mexico, Ixtaccihuatl and Popocatepetl form the barrier 
on the east and southeast, some forty miles from the 
City of Mexico. Over the saddle between these peaks 
passes the highway which from time immemorial has 
been the path from the sea to the capital. 

For many years it was believed that Old Popo was the 
highest mountain on the entire North American conti- 
nent, as the following quotation from an article by W. V. 
Wells shows [Harpers Magazine, 31, 682 (Nov., 1865) }: 


The summit is undoubtedly the loftiest point in North America 
—tabular statistics in the Geographies to the contrary notwith- 
standing—refinements in science which have attempted to snatch 
the crown from the hoary old god of the Toltecs and place it on 
the brow of that other storm-monarch of the Russians, Mount St. 


Elias. 


This title was relinquished with great reluctance, es- 
pecially upon the part of those who were successful in 
attaining its summit. The expeditions of the Instituto 
Geologico de Mexico have placed the altitude figure at 
17,876 feet. 


* Presented before the Division of History of Chemistry of the 
American Chemical Society at Cleveland, September 11, 1934. 














POPOCATEPETL 
Drawn for ‘‘Mexico Illustrated’’ published in 1848 in London. 


Many legends have gathered around the old volcano 
and his beautiful companion. The very names suggest 
something of their significance to the Aztec peoples; 
Popoca ‘‘smoke,”’ tepetl ‘“‘mountain,’’ and Ixtaccthuatl 
“white woman.” These peaks were sacred dwelling 
places of the gods, unapproachable and secure. Some- 
times smoke was seen hovering over Popocatepetl; 
deep rumblings issued from his throat; the valley 
trembled at his feet. These were sure signs of his dis- 
pleasure, of portending ill fortune. 

In the year 1519 there was smoke over Old Popo— 
and the first of many invaders was landing at Vera 
Cruz. 


CONQUISTADORES 


Even in an age when mighty conquests were remak- 
ing the maps of the world, no achievement was more 
extraordinary than that of Hernando Cortez and his six 
hundred men of iron. It was on a Good Friday, April 
21, 1519, that the Spaniards landed at a place which 
thereafter was to be called Vera Cruz. With the ges- 
ture of a conqueror, Cortez burned his ships behind him. 

During the celebrated campaign which carried the 
invaders to the gates of the capital, Popocatepetl was in 
a state of unusual activity. The natives regarded this 
as an exceedingly evil omen. To Cortez it appears to 
have been little more than a curiosity and a party under 
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the command of Diego de Ordaz was sent to examine 
the smoking mountain. Some historians have imagined 
that it was the purpose of Cortez to flaunt the disdain 
felt by Europeans for the native superstitions about 
this sacred peak; to demonstrate that Spaniards were 
more than a match for these puny gods. In the letter 
he wrote to his sovereign, however, Cortez simply re- 
ported that he wanted to learn the secret of all that 
smoke. 

The story of this expedition has been told again and 
again, with an ever-increasing wealth of detail. Long 
ago it had attained the proportions of a legend and 
doubts began to arise about the ascent ever having been 
made at all. Nevertheless, it must be recognized that 
in his time and among his fellows, Ordaz was generally 
credited with having reached the crater of Popocatepetl. 
His exploit was widely acclaimed and upon his return 
to Spain he was granted a coat of arms on which his ad- 
venture was forever commemorated by a smoking 
volcano. 

Some of the conflicting statements regarding the suc- 
cess of this first exploring party may have been due to 
ignorance of the structure of the mountain. The rim of 
the crater is quite irregular and the true summit, or 
highest peak, is a thousand feet above many other 
points from which the interior may be observed. It is 
entirely possible that Ordaz did not gain the real sum- 
mit, but that he did reach the crater and saw therein the 
molten masses blazing, it is said, like a cauldron of boil- 
ing glass. 

Whatever its fortune may have been, this expedition 
was long to be remembered and it led directly to an- 
other which turned out to be even more remarkable. 


CHEMICALS IN WARFARE 


As it was destined, Cortez finally penetrated to the 
amazing City of Mexico and after a dramatic struggle 
with the fabled Montezuma, became master of the 
ancient capital. It was then his purpose to consolidate 
this advantageous position and to complete the con- 
quest of the surrounding provinces. But in attempting 
to strengthen the defenses of the city, he was em- 
barrassed for a time by the hostility of Valasquez, then 
the Governor of Cuba, who cut off all supplies of fresh 
military equipment. 

In this emergency Cortez at once set about devising 
ways and means of actually making what was needed. 
He understood the vital importance of his mysterious 
weapons. The problem was to find raw materials for 
the manufacture of the cannon, the projectiles, and the 
powder. 

For the cannon, iron does not appear to have been 
available, although some time later a source of this 
metal was discovered. There was an abundance of cop- 
per, but it was necessary to find an alloying metal. Tin 
was known, but it seems to have been rather scarce, for 
only the rich were able to afford tin plates and the 
metal was deemed equal to silver in value. As a matter 
of fact, in some localities pieces of tin circulated as 
money. Following up this interesting clue, mines of tin 
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were discovered at Taxco. Thus, the Spaniards were 
enabled to make an alloy suitable for casting into can- 
non and it has been estimated that Cortez was finally 
prepared to equip his citadel with a hundred large guns. 
Thirty of these are said to have been made of the 
copper-tin alloy and the others of iron, an ore of which 
had been uncovered during the scouring of the nearby 
provinces. 

For the projectiles, the scarcity of iron made it neces- 
sary to resort to the use of stone balls, a practice not un- 
common at the time. Large, rounded, hard and tough 
stones were effective after a fashion. The subsequent 
discovery of iron ores eventually took care of this phase 
of the problem. 

For the powder, the necessary ingredients have al- 
ways been carbon, saltpetre, and sulfur. The first of 
these, carbon, in the form of powdered wood charcoal, 
obviously presented no great difficulty. The second re- 
quirement, saltpetre, was common enough in the caves 
of the country. Spanish expeditions in Mexico, and in 
later years in the American Southwest, often made use 
of this source, and armies the world over have mined the 
deposits found in saltpetre caves. 

And as for the sulfur, Cortez remembered the smok- 
ing mountain. 


MONTANO 


The task of removing an adequate supply of sulfur 
from the crater of a visibly active volcano called for an 
unusual sort of daring and resourcefulness. No mistake 
was made when one of the soldiers, Francisco Montano, 
was selected as the leader of a small party, and the story 
of this unique expedition deserves a high place in the 
history of adventure. It is always mentioned in ac- 
counts of the Conquest, but there has been some ten- 
dency to regard the tale as rather legendary. There are 
certain pieces of evidence on the subject, however, 
which cannot easily be explained away. 

The situation which necessitated a resort to such 
heroic measures has been described and is a matter of 














CHEMICALS FOR CONQUISTADORES 


Cannon of brass alloy 
Saltpetre from New Mexico Cave 
Sulfur from Popocatepetl 


Stone balls 
Wood charcoal 
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record. Moreover, it can hardly be denied that Cortez 
got his sulfur—and his report is quite explicit as to 
where and how it was obtained. Finally, the fact 
that the family of Montano eventually received official 
recognition testifies to the opinion of his contempo- 
raries. 

As will be explained in the sequel, most of the founda- 
tion upon which doubts were raised has long since been 
swept away. Minor details in the narrative, gathered 
from a variety of sources, need not be questioned too 
critically. The ascent of the mountain was and still is 
no mean feat in itself and the party led by Montano 
probably encountered its full share of difficulties. 

The old volcano had been in a restless state for some 
time and the bold plans of these daring foreigners at- 
tracted a curious crowd of natives to witness the great 
experiment. A long march on and up through the for- 
est; over the old highway perhaps, with a right turn 
high up in the pass; then an arduous climb over the 
black sands, until nightfall caught the Spaniards not far 
from the snow-line. The ceaseless rumblings and sul- 
furous exhalations made the darkness most terrifying 
and dawn was never more welcome, even though it was 
accompanied by a slight eruption. The band of four or 
five warriors pushed on for the crater and at least one 
more eruption occurred as they progressed painfully up 
the steep snow-covered cone. At last the rim was at- 
tained and a tremendous gulf yawned at their feet. 

Measurements made in modern times indicate that 
the width of the crater varies from one to two thousand 
feet and that its depth ranges between seven and seven- 
teen hundred feet. There are reasons for believing that 
the pit was much deeper in the days of the Conquest 
and that it was far more alarming in appearance. 

Little or no sulfur was to be found near the rim of the 
crater and it became necessary for the Spaniards to 
arrange a descent of the nearly vertical walls which sur- 
round the abyss. This difficulty may have been antici- 
pated, or possibly Ordaz had really been there before 
and had explained something of the peculiar structure. 
In any case, it is likely that the ropes and the baskets or 
sacks which had been brought along were merely part 
of the standard equipment of a prospecting party, as 
sent out by Cortez. It appears, however, that the man 
for the business end of the rope had yet to be designated. 
Lots were drawn and it fell to Montano himself to make 
the descent. 

If the plain statement of Cortez is to be-accepted, 
Montano was lowered into the abyss to a depth of 
seventy or eighty fathoms, equivalent to 420 or 480 
feet. Perhaps it should be noted that on this particular 
point there have been some dissenters who were pre- 
pared to swallow all the rest of the story. Montano is 
said to have made seven trips down the rocky walls, 
dangling on a rope held by his followers, filling his 
baskets with chunks of yellow sulfur; and another mem- 
ber of the party, Juan de Larios, has been credited with 
six descents in the same daring manner. Whatever the 
depth to which they penetrated, three hundred pounds 
of sulfur were torn out of the volcano, which at the time 





JouRNAL OF CHEMICAL EDUCATION 


was in a state of turmoil; pouring forth noxious vapors; 
rolling up smoke from the gloomy interior; erupting 
showers of ashes and cinders. 

Fifty kegs of powder were made from the sulfur 
brought back by this expedition. The emergency soon 
passed and the exploit was not repeated, for Cortez be- 
lieved that it would be less trouble to import the things 
he needed from Spain. Montano was too humble an in- 
dividual to be given the kind of recognition that was 
bestowed upon Ordaz. His claims went unrewarded for 
many years and it was only after his death that a small 
grant was secured by his family. 

Three centuries were to pass before men again set foot 
on the summit of Popocatepetl. 


PATHFINDERS 


It was not until the year 1827 that the mountain was 
again conquered—this time by Englishmen. During 
the three intervening centuries there had been a few at- 
tempts to scale the challenging peak, but there is no 
proof that any of them were successful. In 1770, Fred- 
erick Sonneschmidt, a German miner, failed in a strenu- 
ous effort to gain the summit, although he did make the 
first barometric observations on the mountain. In 
1781, Antonio Alzate, the Mexican naturalist, was 
forced to give up after a struggle which had brought 
him scarcely to the snow-line. He expressed the opinion 
that to reach the summit was simply impossible. 

This notion came to be quite generally accepted and 
persisted for many years. Thus it was that when the 
great Alexander von Humboldt visited the region in 
1803, he did not even attempt the ascent of Popoca- 
tepetl. His observations and measurements of the 
mountain were made from the plain near Cholula. 

Humboldt came to have very grave doubts about the 
tales of Ordaz and Montano. It seemed to him highly 
improbable that the Spaniards had succeeded in scaling 
the mountain and still less likely that they had obtained 
any sulfur from inside the crater. He suggested that it 
was some other volcano they had ascended, one with 
more reasonable dimensions; or, if it had been Popoca- 
tepetl after all, perhaps the sulfur was scraped from 
some lateral crevice in the mountain. Emanating from 
the famous naturalist, these ideas gained a rather wide 
acceptance and have influenced the statements of many 
more contemporary and subsequent writers. During 
the past hundred years countless travelers have set foot 
on the summit and men have lived and worked on the 
very floor of the crater. Yet opinions expressed at a 
time when the peak was considered inaccessible are still 
often quoted to discredit the stories of the Conquista- 
dores. 

It may be that visitors were deterred for some years 
by the restlessness of the volcano, although only occa- 
sionally did it approach a violent stage. Following the 
disturbances of 1519 and 1523, which the Spaniards ob- 
served, another minor outbreak came in 1539. The only 
severe eruption of modern times occurred in 1664, when 
for two days a shower of stones and ashes descended 
upon the countryside. Somewhat milder disturbances 
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were noted in 1697 and in 1802 and then it was not until 
the years 1920, 1925, 1932, that the mountain stirred 
uneasily; the rumblings were just a little louder than 
usual; and smoke was once more to be seen over Old 
Popo. 

The trail-blazing for all modern climbers on Popoca- 
tepetl must be credited to the Glennies. The party con- 
sisted of the brothers, William and Frederick, who were 
in the service of the British United Mining Company; 
John Taylour, a merchant of the City of Mexico; anda 
servant, Jose Quintana. After a struggle which lasted 
four days, they reached the summit on April 20, 1827. 
In their project they were assisted by the Alcalde, Don 
F. Olivares, who owned the mountain, though he had 
never succeeded in climbing it. 

A trip up the volcano still remained a strenuous task, 
but the path had been found and many attempts began 
to be recorded. The fame of Popocatepetl was so wide- 
spread that a climb on this mountain was something to 
write home about. As the comment of C. J. Latrobe 
suggests (The Rambler in Mexico, Harper & Bros., 
New York, 1836, p. 200), the stories that began to find 
their way into books and periodicals soon presented a 
bewildering array of facts and fancies. 


I have seen those who boast of their success, but unfortunately, 
have not met with one who was sufficiently alive on his gaining 
the summit to enable him to convey to others the slightest idea of 
what he had beheld. 


SULFUR MINING 


Travelers on the mountain up until the year 1849 
make no mention of any sulfur-gathering activities more 
recent than those of the Conquistadores. About the 
middle of the century, however, schemes to exploit the 
deposits in the crater were beginning to develop. 

It is rather surprising to find that even regarding 
these comparatively modern explorations there are 
many conflicting accounts. One report has it that as 
early as 1836 a resident of Amecameca, Ignacio Reyes, 
had formulated plans to mine the sulfur in the crater. 
It is said that his ideas were first tried out in 1849, and 
certainly it can have been no earlier than that, for no 
records of sulfur production are found in the published 
reports of the American soldiers who climbed the peak 
in 1848. : 

Claims have been made that mining operations were 
first started by Juan Mugica of Puebla, through his ad- 
ministrator, Perez, following a bold descent into the 
crater by an engineer, Antonio Garcia. Still other 
records credit the first real examination of the interior 
to a Senor Corchado, and he is also sometimes referred to 
as the proprietor of the mountain. The issue has been 
obscured by the statements of individuals attempting 
to establish certain titles to this precious property. At 
one time it is said that seventeen persons were declaring 
themselves owners of various parts of the mountain, 
every one of them, of course, claiming thé top. 

Whatever the precise origin of this strange business, 
there are numerous independent testimonies to the ex- 














THE RANCHO OF TLAMACAS 
Drawn for the article by W. V. Wells mentioned in the text. 


istence of fairly regular sulfur mining activities during 


the eighteen-fifties. Some idea of the trend of events 
may be gained by noting the observations of visitors to 
the rancho which was the last habitable spot on the long 
trail up the mountain. 

Prior to 1849 this place was always referred to as the 
““Vaqueria,’’ and, as the name implies, the rude huts 
served as shelters for cowherds during certain seasons. 
Located at an elevation of about 12,800 feet, the cabins 
stood in a small clearing, not far below the timber-line. 
In the reports of the Glennies these structures were 
spoken of as being old and dilapidated, but subsequent 
visitors continued to find it necessary to use them. After 
1849 this place became known as the rancho ‘“Tlama- 
cas’ and served as the storage depot, refinery, and gen- 
eral headquarters of the sulfur industry. Descriptions 
are numerous and detailed, for every climber was forced 
to stop overnight, many of them in prayer and fasting, 
as a prelude to the final five-thousand-foot struggle up 
the huge cone. 

The work in the bottom of the crater largely centered 
around the “‘respiraderos,” or vents from which steam 
and sulfurous vapors issued like the breath of some hid- 
den monster. Rocks were piled up around these breath- 
ing-holes to aid in the condensation of the sulfur. Hot 
liquid streams, trickling down over these rock piles, 
solidified into beautiful yellow masses, which were of a 
high purity. Deposits of sulfur on the floor of the 
crater were mined to some extent, but were more or less 
contaminated with volcanic debris. The material taken 
from the floor sometimes contained as much as 80% to 
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90% sulfur, but an ore yielding only from 40% to 50% 
was more commonly obtained. 

Accumulations around the vents and deposits on the 
floor were broken up by the miners, or ‘‘volcaneros,’’ as 
they were called, and loaded into small sacks. These 
were carried up the steep slope of rock fragments 
banked several hundred feet high against the sides of the 
vertical walls. Probably the most interesting feature 
connected with the problem of getting at the sulfur in 
Popocatepetl has been the method used to traverse 
those perpendicular guardians of the interior. To ac- 
complish the descent and ascent of this precipice, Mon- 
tano had been lowered on a rope held by his compan- 
ions. When the modern sulfur mining operations were 
started, ‘‘el malacate,”’ the famous windlass, was 
erected on top of the northeastern wall. It was a simple 
device—a strong rope wound around a cylinder and ran 
out through a pulley fastened in the end of a stout 
wooden be: . which projected over the abyss. 

Estimates regarding the height of the wall and the 
length of the rope have varied in direct proportion to 
the credulity of the observer. Perhaps the record guess 
on the depth of the crater was the one which put it at 
eight thousand feet, whereas the most reliable figures 
indicate that the very irregular crown lies between 
seven and seventeen hundred feet above the floor. 
Some writers have described two windlasses, the second 
one on a landing-place half way down the cliff, each 
stage requiring five hundred feet of rope. Probably the 
most trustworthy reports are those which mention just 
one windlass, with a rope appropriate for a wall, the 
vertical portion of which measured something under 
three hundred feet. 

The windlass was made to accommodate both the vol- 
caneros and the sacks of sulfur they had gathered. 
When about ten sacks, weighing around twenty-five 
pounds each, had been hoisted by the windlass, they 
were carried some sixty feet higher to the rim itself and 
lashed together for the descent of the cone. Weather 
conditions were an important factor in determining the 
precise nature of this operation. Sometimes it was pos- 
sible to maintain a long groove in the snow and allow 
the sacks to slide down the three thousand foot incline 
to the snow-line near ‘‘La Cruz.”’ Generally, it was the 
practice for the workers to perform the dangerous “‘cor- 
rida,”’ which consisted in sliding down the snowy slope 
themselves, perched on the sacks, or seated on straw 
mats and dragging down a bundle of sacks with them. 

A memorial to the many men who met death on the 
mountain; a shrine at which to pray for protection on 
the way up, perhaps to give thanks on the way down, 
La Cruz, at an elevation of about 14,500 feet, marks 
very definitely the boundary of the danger zone. From 
this point it was merely a long weary tramp, packing 
sulfur sacks down the trail to Tlamacas. 

At the rancho sulfur was separated from whatever 
impurities were present in the crude ore by distillation 
of the material in large jars or kettles. The mining was 
possible only under favorable weather conditions, but 
the purification could be carried on in all seasons. The 
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distillation equipment seems to have been rather small 
and antiquated, but it was adequate and the product 
was said to have excelled the Sicilian in quality. From 
Tlamacas the refined sulfur was transported by burros 
to Amecameca, thence to the City of Mexico; or to 
Puebla and thence to Vera Cruz. 

During the eighteen-sixties, sulfur mining operations 
appear to have been practically abandoned. Adven- 
turers on Popocatepetl saw remnants of the old refining 
apparatus, but Tlamacas was a deserted rancho. Still 
in its place on top of the wall, el malacate was a rickety 
old machine, about ready to tumble into the crater. 
The great rope had been badly rotted by long exposure. 
Not many travelers were about during these years, 
which were troublesome times in Mexico, as elsewhere 
in the world. 

About 1870 possession of the mountain was secured 
by General Gaspar Sanchez Ochoa, one of the engineers 
with the exploring expedition sent out by the govern- 
ment some years earlier. He was a close friend of the 
great Porfirio Diaz who came into power during the 
seventies, to remain the so-called dictator of Mexico for 
nearly forty years. During this long régime, the name 
Ochoa appears again and again in the reports of visitors 
to Popocatepetl, for it was necessary to obtain his per- 
mission to use the rancho at Tlamacas as an overnight 
shelter. 

The General attempted to revive the sulfur industry, 
but it was a discouraging proposition. Operations were 
maintained at scattered intervals during the seventies; 
then for a time were confined to certain favorable sea- 
sons; and finally became more and more irregular until 
they were limited to occasional expeditions. Travelers 
during the eighties record that Tlamacas was once more 
desolated and that el malacate had been ruined beyond 
repair. 


VOLCANEROS 


The mechanical difficulties involved in getting sulfur 
out of Popocatepetl were far from being insurmount- 
able—the human hazards were intolerable. Natives of 
the region, accustomed from childhood to physical exer- 
tion in high altitudes, were employed for the work, but 
even on them it was a terrible strain. The thin atmos- 
phere was polluted with choking, sulfurous, acid vapors, 
which were not only disagreeable but also highly in- 
jurious. Even though very liberal allowances of the 
potent mescal spirits and of the fatigue-banishing coca 
leaves were provided, it was almost impossible to keep 
the volcaneros altogether satisfied. 

The most serious immediate danger in the crater itself 
was from falling rocks. The excessive freezing and 
thawing of water in the lava walls produced a tremen- 
dous cracking and disintegration. It has been esti- 
mated that an average of ten large stones fell every 
hour, two thousand cubic feet of them per day, piling 
up on the crater floor and causing it to rise at the rate of 
0.65 feet a year. It is rather interesting to note that the 
pit must have been much deeper in the days of the Con- 
quistadores, and a simple calculation will show that 
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Montano may indeed have been lowered down a five- 


hundred-foot precipice. Moreover, it is entirely pos- 
sible that some vast accumulations of sulfur have long 
since been completely covered by this perpetual shower 
of rock fragments. 

Most of the casualties in this hazardous business were 
from the falling stones, and one of the volcaneros had to 
be kept posted as a look-out at all times. When a warn- 
ing was sounded, the men scrambled for refuge under 
large boulders, so situated or arranged that they re- 
sembled rock caves. These rude shelters also served as 
sleeping quarters, and here, beyond doubt, was a place 
in which a bomb-proof structure was most essential. 

The volcaneros are said to have received twelve cents 
for each twenty-five-pound sack of sulfur, and it was 
considered a good day’s work to deliver twenty sacks. 
Estimates regarding how long or how often the men 
were able to stay on the job in the crater have varied 
widely. Some reports put the limit at twenty-day 
periods; others state that the average worker had to 
take two days off between each day of labor. We. her 
conditions were a most important factor and the activi- 
ties in the crater itself seem to have been mainly 
seasonal. 

The average annual output during the seventies has 
been estimated at fifty tons, which suggests how much 
labor was required on the mining end of the industry. 
The purified product was sold in Puebla and in the 
City of Mexico at prices reported from ten to twelve 
dollars per quintal (Mexican equivalent to 101.46 
pounds) and is supposed to have brought an excellent 
profit. But the stories which have put the production 
figures up in the millions of tons and have reckoned 
the profits in millions of dollars are purely fabulous. 
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STALEMATE 


The desire and the determination to do something 
about these sulfur deposits have persisted down through 
the years. Utilization of the natural steam to operate 
hoisting machinery; the building of a cable-way to the 
rim; the driving of a tunnel through the mountain-side; 
the construction of a railroad to the summit; these and 
many other schemes have been more or less seriously 
proposed. In 1899 and again in 1912, it was reported 
that an English syndicate was attempting to purchase 
the property. At one time the Standard Oil Company 
was said to be negotiating for a lease. 

A very elaborate project appeared during 1903 and 
1904, credited to the Popocatepetl Company of New 
York, capitalized at five million dollars. It was an- 
nounced that this organization had perfected plans for 
taking over the old mountain and doing things on a 
large scale. An aérial tramway was to be built from the 
bottom of the crater, up and over the rim, down to mod- 
ern refining furnaces near the timber-line. 

Reports that various interests are attempting to gain 
possession of the mountain continue to turn up at 
regular intervals. Dispatches released by Science Ser- 
vice in 1931 stated that certain American interests were 
once more negotiating for the privilege of taking the sul- 
fur out of Popocatepetl. 

Sulfur has become a relatively cheap commodity. 
Enormous quantities are produced in the Gulf Coast 
area and it sells for a penny a pound on the American 
market. The natural obstacles surrounding the Popo- 
catepetl deposits have made a profitable production 
seem impossible. 

And yet—the sulfur is there—perhaps a way to get it 
out will be found. 





PROPIOPHENONE 


in IATROCHEMISTRY’ 


WALTER H. HARTUNG 


Research Laboratories, Sharp & Dohme, Inc., Philadelphia, Pennsylvania 


HE term iatrochemistry is associated with 
the age of Paracelsus, but since the dictionary 
defines it as ‘medical chemistry” the word merits 
reviving. Perhaps a more suitable designation would 
be ‘‘chemotherapy,” in the sense of combining ‘‘chemis- 
try” with ‘‘therapy”’ as it was used by the late Professor 
A. S. Loevenhart.! However, the prior uses to which 
Ehrlich and his successors limited the term ‘‘chemo- 





* Presented before the Division of Medicinal Chemistry of the 
A. C. S., Cleveland, Ohio, Sept. 11, 1934. 
1 LOEVENHART, Ind. Eng. Chem., 18, 1268 (1926). 
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therapy,” restricting it to the effect of chemicals on 
specific organisms, perhaps deserve to be respected. 
Therefore, it would seem appropriate to fall back on 
the word associated with the man who proclaimed 
that “‘the object of chemistry is not to make gold but to 
prepare medicine.” 

The efforts of the modern iatrochemist excite admira- 
tion the world over, and one of his pet hobbies, not to 
say obsessions, is the determination of the relationship 
between chemical structure and pharmacodynamic 
behavior. That there is such a relationship none can 
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deny, but our knowledge of it is very limited. Generali- 
zations that first appear valid soon reveal their limita- 
tions, or become punctured with exceptions. For 
every successful venture in iatrochemical prognostica- 
tion there are many failures. Successes like that of 
Leake in predicting the virtues of divinyl oxide* appear 
just frequently enough to become tantalizing; but for 
every such triumph there are many defeats. To one 
who has thought much along these lines, it would 
appear that the fundamental aspects of the problem 
have been superficially approached. 

One of the most interesting questions to be raised 
recently in connection with the relation of structure to 
physiological action is that indicated by Professor 
George Barger at the Chicago Meeting of the American 
Chemical Society, September, 1933.* 

The close structural relationship between compounds 
having such widely different and unrelated physiological 
properties as cholesterol, vitamin D, the bile acids, 
cestrogenic hormones, and carcinogenic coal-tar prod- 
ucts stands as a direct challenge to the twentieth- 
century heir to Paracelsus. To solve the problem 
thus presented will require a greater appreciation than 
we now have of the fundamentals involved. 

Even the chemist actively working in the field of 
drugs is apt to speak glibly of a certain group or skeleton 
as being, in general, responsible for a given type of 
physiological response. This is, perhaps, the first error, 
and leads to a state of mind responsible for so many mis- 
takes and miscues. 

When Barger, Bogert, and Jensey alk of cholesterol, 
cestrogenic substances, and the like, they are dealing 
with complex structures. But even in the relatively 
simpler substances may be found the same type of 
puzzling relationships. As a proof of this, propio- 
phenone and its derivatives serve as an excellent illus- 
tration. 

Propiophenone, phenyl ethyl ketone, is a common 
compound and may readily be synthesized from benzene 
and propionyl chloride by means of the classical 
Friedel-Crafts reaction: 


0) + c1.cocH,cH, AIC ee 


NCOCH.CH; 


This ketone possesses an odor not at all unpleasant and, 
as with acetophenone, may be used as a base in com- 
pounded perfumes. From propiophenone as starting 
material, six immediate derivatives are possible. 

The semicarbazone (II) is a characteristic derivative 
by which the ketone itself may be identified. The 
oxime (III) may also be formed. Nitration yields the 
o- and m-nitro ketones (IV and V). By allowing the 





2 LEAKE, J. Am. Med. Assn., 102, 1 (1934). 

* Much the same material has been given in a paper by Dr. 
H. Jensen before the Delaware Section, March 21, 1934, and by 
Prof. M. T. Bogert before the Medicinal Division of the American 
Chemical Society at the St. Petersburg Meeting, March, 1934. 
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ketone to react with an alkyl nitrite in the presence of a 
mineral acid the oximino ketone (VI) is formed. Bro- 
mination under proper conditions results in the forma- 
tion of the bromo-ethyl phenyl ketone (VIR). 


oer 


Nc-CH,CH; 


gi N—NHCONH; 
‘ 0) 


III 
NC-CHCH: 
ye NOH 
I agile Agee IV 
NCOCH:CH; 
NCOCH,CH; . NO; 
< Vv 
Ke \cocH.CH; 
ao Ul : 
Bie Bs c. ‘CHs 
oa vil 
\COCHBr-CH; 


Of these immediate derivatives, the two nitro ketones 
(IV and V) possess very pleasant odors. In the light of 
Tainter’s work on the activity of dinitrophenol as a 
metabolic aid, the question arises as to the effect of 
these nitro ketones. a-Bromopropiophenone is a 
powerful lachrymator. Except for the semicarbazone, 
all these derivatives are convenient intermediates 
from which other products may be prepared. 

Reduction of the oxime (III) to the corresponding 
primary amine (VIII) gives a product of no physiologi- 
cal activity, but its value lies in the fact that when com- 
pared with its isomers it indicates a structure to avoid 
if a certain activity is desired.* 

Reduction of the nitro ketones (IV and V) to the 
corresponding amino ketones (IX and XI) results in the 
formation of local anesthetics.t The corresponding 
isonitroso ketones (X and XII) have also been prepared; 
nothing has been done with these, but as other oximino 
ketones are described, it will become apparent that 
here are promising intermediates. 





3 HaRTUNG AND Muncu, J. Am. Chem. Soc., 53, 1875 (19381). 
4 HaRTUNG AND Muncu, tbid., 51, 2571 (1929). 
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By diazotizing m-aminopropiophenone, XI, under 
proper conditions the amino group is replaced by the 
hydroxyl, giving the m-hydroxypropiophenone, XIII.° 
This phenolic ketone serves as a starting compound for a 


complete series of compounds. 





m1 | vill 
C-CH,CH; CH-CH;CH; 
NOH NH: 

ga 
NCO-CH;CH; 
NO; 
<.CO-CH:CHs hae 
coc cH, 
NOH 
NH, 
XI 
\co-CH:CH; 
—NO; 
Vv i 
CO-CH:CH; —NO:; 
ge xi 
N\co-C-CH; 
NOH 


Reduction of the ketonic carbonyl gives us m-propyl- 
phenol, XIV, a germicide with a phenol coefficient of 
about 8.6 Treatment with alkyl nitrite gives the 
oximino ketone, XV.° 

By means of hydroxylamine this may be converted 
into a glyoxime, XVI. It is worthy of note that all 
non-phenolic glyoximes of this type will precipitate both 
nickel and cobalt from ammoniacal solution; if a 
phenolic hydroxyl is present a deeply colored, usually 
red, solution results, but no precipitate forms until the 
solution has been acidified. Whether this difference 
has any analytical value has not been determined. 

Reduction of the isonitroso ketone, XV, gives first the 
amino ketone, XVII, and then the amino alcohol, 
XVIII. This last compound is a pressor substance, 
structurally intermediate between epinephrine and 
ephedrine; it has been found that with the hydroxyl in 





5 HARTUNG, MuncuH, MILLER, AND CROSSLEY, y. Am. Chem. 
Soc., 53, 4149 (1931). 
6 HARTUNG AND CROSSLEY, tbid., 57, 158 (1934). 
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the meta position, the similarity to epinephrine is very 


marked.’ 


ae Ce 


NcO-CH:CH; NCH,CH,CH; 
XI XIV 
OH OH OH 
——> 
—> 
O-CH,CH; CO-C-CH; si e CH; 
xi 
Xv NOH nou Nou 
XVI 
(ecu: a, Sale 
ie x \co-CH: Meet ng CHOH-CH-CH; 
CO-CH.CH; | 
NH; (HCl) NH; 
XVI xvi 
OCH; OCH; 
= XXII 
OCH; 
CO-CH-CH; eres 
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CH:CH.2CH, XXI | 
XX 
OCH, 
XXIII 
CHOH-CH-CH; 
NH; 


By allowing methyl] sulfate to react on m-hydroxypro- 
piophenone, XIII, the corresponding methyl ether, XIX, 
is obtained. This may be reduced directly to m- 
propylanisole, XX. The latter is decidedly reminiscent 
of the chief constituent in licorice although not so 
pleasant to the taste; nevertheless, iatrochemists will 
find this compound distinctly a flavor. By conversion 
of the ketone, XIX, into the isonitroso derivative, XXI, 
and subsequent reduction under proper conditions, 
one arrives, first, at the amino ketone, XXII, and then 
at the amino alcohol, XXIII. In this last compound is 
found again the characteristic grouping for a pressor 
compound; however, the methoxy group in the aro- 
matic nucleus makes it now a structural relative of 
mescaline. 

By condensing bromo-propiophenone, VII, with 
methylamine and subsequently reducing the methyl- 


7 HartunG, Chem. Rev., 9, 389 (1931). 
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amino ketone, XXIV, to the corresponding alcohol, 


—(0—¢ 


CO-CHBr-CH; \co. cH: ‘CH; | \CHOH- CH CH; 


VII HCH, HCH, 


XXIV XXV 

we have one procedure for the preparation of ephedrine, 
XXV. This is a patented procedure for the synthetic 
manufacture of this alkaloid. 

Let us now take the one remaining derivative, ob- 
tained directly from propiophenone, viz., isonitrosopro- 
piophenone, VI. This may be converted into the 
glyoxime, XXXIII. It may be reduced under such 
conditions that the carbonyl becomes a carbinol but 
the oximino group is left untouched, giving us the oxime 
of phenyl acetyl carbinol, XXVI, 


CO: 7 CHs 


\CHOH: o CH; CHOH-CO-CH; 
XXVII 
hon 
¢-C—CH-CH, 
d- T CC | | 
“i ¢-CO-CH-CH,; N N 
NOH cammeite i 
NH; (HC!) CH;-CH-C-¢ 
amt XXVIII XXIX 
scm cuce, ie rs 4 | 
NH; ¢-CH-CO-CH; o-C=C-CH; 
XXXII l | | 
NH; (HC!) NN 
XXxI | | 
CH; C—C-¢ 


which may, in turn, be converted into phenyl acetyl 
carbinol, XXVII.° This particular compound may be 
of no value in the study of physiological chemistry, but 
ketonic alcohols are found in the body, and if this 
method of synthesis should prove applicable to other 
compounds of this type, then so much at least is gained. 

Catalytic reduction under proper conditions reduces 
both the carbonyl and oximino groups, giving the nor 
compound of ephedrine. Present indications are that 
this product, by virtue of its being a primary amine, is 
more active as a pressor and less toxic than ephedrine. 
In our laboratories, this compound, XXXII, is called 
propadrin. If for the reduction the catalyst is less 
active, e. g., has been used too often before, the car- 
bonyl does not reduce and the corresponding amino 
ketone, XXVIII, is formed.® This compound is stable 





8 HaRTUNG, J. Am. Chem. Soc., 53, 2248 (1931). 
® HARTUNG AND Monczu, ibid., 52, 3317 (1930). 
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only in the form of its salt. Any attempt to isolate 
the base results in spontaneous condensation of two 
molecules with each other and the formation of di- 
methyldiphenyl-dihydropyrazine, XXIX. This dihydro- 
pyrazine derivative is easily oxidized to the more 
stable 2,5-dimethyl-3,6-diphenylpyrazine, XXX. How- 
ever, before oxidation, the dihydropyrazine may be 
hydrolyzed by boiling with acid, but in the products 
of hydrolysis we find that the amino group has shifted 
and the ketonic carbonyl is now the second carbon in the 
side chain. In other words, we now have in XXXI an 
isomer of XXVIII. This phenomenon was not so sur- 
prising until an attempt was made to utilize this. 
procedure for the preparation of the p-methoxy deriva- 
tive of XXXI. The p-methoxy derivative of XXVIII 
was treated with ammonia and the expected dihydro- 
pyrazine derivative formed beautifully; the more 
stable pyrazine was also obtained. But hydrolysis of 
the dihydropyrazine yielded not the derivative of 
XXXI but the original material.!° 

With propadrin, XXXII, available and so easily pre- 
pared, it is possible to use it as a starting material in the 
preparation of further derivatives. 


CHOH iy 
> Ch = ta 
NH — 
\CHOH-CHCH; OS s 7 
<—~ 
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10 HARTUNG, Unpublished. 

















t 


DeEcEMBER, 1934 


Conversion into an amide derivative XXXIV, and heat- 
ing this with phosphorus pentoxide results in the for- 
mation of 1-substituted-3-methylisoquinolines, XXXV. 
This is the method used by Pictet and Gams," in the 
synthesis of papaverine. In view of the growing 
medical interest in the papaverine alkaloids, it may be 
well for the iatrochemist to keep this method of syn- 
thesis in mind. 

The possibilities in phytochemical realms of forming 
from f-arylethylamines the various isoquinoline alka- 
loids is described by Hahn and Wassmuth,'? in their 
discussion of the mescaline alkaloids. 

When propadrin is heated in concentrated hydro- 
chloric acid under pressure, chlorine replaces the 
hydroxyl. The resulting compound, XXXVI, was not 
carefully studied pharmacologically, but we do know 
that it is active as a blood pressor. The chlorine atom 
may easily be removed,’ giving phenyl-1l-amino-2- 
propane, XXXVII, or de-oxy propadrin. This com- 
pound is of especial interest when compared with, 
among others, propadrin, XXXII, and phenyl-1-amino-1- 
propane, VIII. It indicates, for example, that the 
alcoholic carbinol has a decided effect in reducing the 
toxicity, although it has the structural essentials, the 
phenyl and amino groups on adjacent carbon atoms, for 
pressor activity. For, if this relationship is disturbed, * 
the desired physiological properties are greatly inter- 
fered with.* This amine may be converted into an 
amido derivative, XXXVIII, and then, by Pictet and 
Gams’s procedure, into the 3,4-dihydroisoquinoline 
derivative, XXXIX. 

If the chloro-amino-compound, XXXVI, is treated 
with benzoyl chloride, the n-benzoyl derivative, XL, 
is formed. This, in turn, by boiling in moist alcohol, 
undergoes a rearrangement, giving us in substance the 
benzoic ester of propadrin (stable only as the salt). 
Examination of the structure of this compound shows 
that it possesses the anesthesiophore group characteris- 
tic of the procaine type of anesthetics while retaining 
the structural essentials of a pressor compound. It is, 
in fact, a pressor-anesthetic.'4 

Propadrin, as it is prepared, is racemic and of the 
“regular” form. By boiling for a long time with 
mineral acids, it may be converted into d/-y-propadrin. 
Each of these racemic compounds may be resolved into 
its optically active components, with activity, in 

11 PicTET AND Gams, Ber., 42, 2943 (1909). 

12 HAHN AND WASSMUTH, 1bid., 67, 696 (1934). 

13 Cf. BARGER AND DALE, J. Phystol., 41, 19 (1910). 


14 HARTUNG, MUNCH, AND KESTER, J. Am. Chem. Soc., 54, 
1526 (1932). 
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general, paralleling that of the ephedrine isomers of 
corresponding configuration. 

To recapitulate briefly, 41 distinct compounds have 
been discussed, of which 13 are physiologically active. 
Among the 13 compounds, we find 7 distinct types of 
biological response, viz., 


1 lachrymator 
6 pressors 
1 pressor anesthetic 


1 perfume 

2 anesthetics 
1 antiseptic 
1 flavor 


and three compounds suggest types of syntheses that 
may prove of value to the iatrochemist. These com- 
pounds are actual, practical derivatives from a single 
parent substance; no freak synthesis nor trick labora- 
tory operations have been considered. 

A survey of these compounds throws some light on | 
the difficulties which the twentieth century successor of 
Paracelsus faces. Here is a skeleton which is common 
to all of the active compounds, an aromatic nucleus 
to which is attached a straight chain of three carbon 
atoms. By the simple expedient of modifying the 
substituent groups, and paying attention to the point 
of substitution, one may change a perfume base to make 
it desensitize the sensory nerves, kill bacteria, stimulate 
the gustatory senses, irritate the lachrymatory center, 
affect the circulation. 

If we were fully cognizant of all the biological proper- 
ties of all the 41 compounds, we might even extend the 
list. But the available information serves to indicate 
the problem. To what portion of the respective mole- 
cules is the characteristic activity to be attributed? 
Is there a peculiar or characteristic pharmacodynamic 
action that can be associated with, for example, the 
propylbenzene skeleton, and, if so, how do lachryma- 
tion, circulatory stimulation, anesthesia, etc., tie in with 
this basic behavior? The answers to questions like 
this are fundamentally important, and only as these 
answers become available may we look for extremely 
interesting and phenomenal developments. For the 
present, we shall have to continue with the trial-and- 
error method ere we are able to get very far in the much 
desired correlation between the activity and con- 
stitution of molecules. 

The riddle presented by propiophenone is a simple 
one when compared with that of the polycyclic com- 
pounds of the sterol and bile acid type. Yet there 
are many such problems, and their solution will de- 
mand greater application, nobler inspiration, and 
critical examination of many accepted notions. 
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The ORGANIZATION of IDEAS 
in GENERAL CHEMISTRY’ 


IRA D. GARARD 
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Litile change has been made in the organization of the 
work in general chemistry since physical chemistry was 
introduced over thirty years ago. Atomic structure has 
been treated rather casually by a few textbooks. In order 
to facilitate the teaching of the subject and to avoid the con- 
fusion due to the great mass of existing chemical knowledge, 
it is proposed to organize the ideas to be presented under 


++ + 


ERY little change has been made in the content 

or organization of the subject matter in courses in 

general chemistry since the addition of the ele- 
ments of physical chemistry over thirty yearsago. The 
newer textbooks indicate that such changes as have been 
made have consisted of the addition of newly discovered 
facts or the rather casual treatment of atomic struc- 
ture. The syllabus sponsored by the Division of Chemi- 
cal Education of the American Chemical Society and 
published in 1927 (1) confirms the evidence obtained 
from the textbooks. The files of the JouRNAL oF CHEMI- 
CAL EpuCATION so far as they concern general chemistry 
are almost as barren of modernisms as the textbooks. 
Wildman (2) has pointed out the weakness of the text- 
books in their treatment of modern theory and Brinkley 
(3, 4) has called attention to some of the difficulties with 
the present type of course and made some remedial sug- 
gestions. Brinkley, also, in his books (5,6) has put his 
suggestions into more concrete form. 

The main defects of the present courses in general 
chemistry are due to the lack of classification of subject 
matter and the consequent lack of ideas gained by the 
student. The textbooks contain from thirty to fifty 
chapters, which means to the student at least as many 
subjects to learn, each one of which involves numerous 
isolated facts. 

The modern course in general chemistry should meet 
the following specifications: 

(1) It should differ somewhat for those students 
who have had previous instruction in chemistry and 
those who have not. 

(2) It should have a historical introduction. 

(3) It should utilize the scientific method and call 
attention to the method. 

(4) Theories and hypotheses should be treated as 
explanations of facts and not as facts themselves. 

(5) The entire course should center around a few 
ideas; certainly not more than fifteen. 





* Presented before the Division of Chemical Education of the 
A. C. S. at Cleveland, Ohio, September 11, 1934. 


twelve main topics and to vary the emphasis and content 
to suit the preparation of the student. 

The scientific method should -be used in the presen- 
tation of a historical iniroduction, elements, types of 
reaction and energy, oxides, acids, bases, ammonia, 
salts, organic substances, solution, analysis, and the 
electron theory. 


++ + 


Let us discuss each of these points briefly. 

(1) Sufficient objective evidence now exists (7-14) 
and need not be reviewed here, to show that the chem- 
istry of the secondary school affects the college student’s 
work in numerous ways and therefore can be ignored 
only at the expense of efficiency. The courses ior the 
two types of student need not differ greatly in plan, but 
in order to avoid unnecessary duplication they must 
differ in emphasis and in the distribution of time. 
The second, third, fourth, and fifth premises of this 
paper apply equally to both types of course. 

(2) The significance of chemistry as a science can 
only be presented when its background is understood. 
Most textbooks begin with the work of Lavoisier, that 
is, with the advent of quantitative work, and the enor- 
mous amount of descriptive chemistry that preceded 
Lavoisier is omitted entirely, as well as the experimental 
data from which the earlier quantitative laws were 
derived. The practical-arts chemistry of the ancients, 
the purposeful experimentation of the alchemists, the 
more modest aims of the iatrochemists and the philo- 
sophical phlogistonists combine to give an excellent 
introduction to the scientific period of the subject. 
The introduction of the chemical balance and the result- 
ing quantitative ideas culminating in the atomic theory 
of Dalton serve as excellent material for the introduc- 
tion of the scientific method. The amount of time 
devoted to this historical introduction will and should 
vary with both the teacher and the class, but when the 
quantitative period is reached, enough actual experi- 
mental data should be given to be impressive. A 
single illustration is not enough. A law is not derived 
from one experiment and so the student must have 
sufficient data to enable him to see the generalization 
expressed by the law under consideration. The con- 
clusions drawn from these data should then be discussed 
at length. If this is done, the atomic theory or any 
other theory to explain a given set of data will be an 
idea of importance in the mind of the student. 

(3) The use of the scientific method in the labora- 
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tory work of general chemistry has been discussed else- 
where (15) and has since been more fully developed in 
the author’s laboratory with considerable improvement 
in results over the older type of laboratory work. _ 

In the class work the scientific method should be used 
consciously and impressed upon the student at every 
opportunity until it becomes as much a part of his 
thinking processes as it is the habitual method of 
thought of the trained chemist. An examination of any 
textbook now in use fails to exhibit the scientific method 
and only a few even mention it. This is true both as 
shown by the classification of subject matter in the table 
oi contents and, with very little exception, in the pres- 
entation of individual topics. 

Most colleges require all students to take one or more 
courses in a scientific subject before graduation. The 
object of this requirement is to introduce the student to 
the general field of science and its method. If the 
course in chemistry does not leave the student with the 
scientific method of thought his own, then the course 
has been a failure as far as the college requirement is 
concerned. Furthermore, the use of scientific pro- 
cedure in study and later in laboratory work by the 
young chemist would serve to avoid many mistakes due 
to an effort to remember the facts that he has learned. 

(4) Before any theory or hypothesis is presented the 
facts that demand explanation should be laid before the 
student in some detail; the theory should then be 
given as an explanation of these facts. For example, 
the atomic theory should be given as an explanation of 
the quantitative laws of definite and multiple propor- 
tions. This development of a theory is the third step 
in the scientific method, and its implications can be 
discussed together with the experiments that have 
been made to prove them. 

(5) The historical introduction to the course can 
be treated with considerable unity centering around the 
use of the scientific method applied to the constitution 
of matter and the changes it undergoes. Therefore, 
this is one topic of the few that constitute a modern 
course. 

A second topic, which should follow the work of Dal- 
ton, is the chemical elements—all of them. An ele- 
ment can be defined as a chernical substance that cannot 
be decomposed quantitatively, and so at once we have a 
definite portion of all chemical substances set aside for 
study. Metals and non-metals, the periodic table, and 
the electromotive series are all methods (and all the 
methods) of classifying the elements. 

The development of atomic weights from Dalton 
to Cannizzaro is an obvious and logical outgrowth of 
the atomic theory and of course the atomic weights are 
properties of the elements. Modern work on atomic 
weight determination can be introduced if the instruc- 
tor considers it desirable with his particular class. 

The introduction of formulas and their experimental 
determination together with ideas of simple valence 
can be taught as part of this general topic. 

This topic should confine itself to the preparation and 
properties of the elements. The gas laws are properties 
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of gases and therefore of the gaseous elements, and the 
kinetic theory is an explanation of the properties of 
gases. The properties of compounds of the elements 
should be omitted at this point. Only two reactions 
must be taught—combination and replacement—al- 
though substitution and oxidation by strong acids may 
be included here if there is a desire to be more compre- 
hensive. This may appear to be a large chapter if con- 
sidered as part of a textbook, but there are not so 
many elements that require individual mention. A 
large supply dealer’s catalog lists sixty-eight elements in 
either free or combined form but not over fifty are of any 
importance at present, and less than thirty are of im- 
portance in the free state. With the similarity of prop- 
erties among the metals and only two to four types of 
reaction this topic is by no means impossible. 

While studying the properties of the metals the most 
important idea in applied chemistry can be taught; 
namely, the selection of a material for a given purpose 
and the creation of a metallic substance (an alloy) 
when no metal is found suitable. 

Our second topic, then, involves the elementary sub- 
stances and their behavior. The amount of time de- 
voted to it should be much greater with beginners than 
with those who have had an elementary course as the 
latter will be familiar with symbols, atomic weights, 
formulas, and the properties of several of the elements. 

The next topic to be presented should be the types of 
reaction and the relation of energy to each type. The 
ideas of equilibrium, stability of compounds, oxidation 
and reduction, and the chemical action of light can be 
introduced and will then be available for the discussion 
of the reactions of the various classes of substances 
that follow. 

In connection with energy, some practical suggestions 
of methods of heating would be of immense help to most 
students of chemistry. The temperatures that can be 
reached by different kinds of equipment and the neces- 
sity for them is a great mystery to many chemists, while 
to the novice the use of a crucible, a wire gauze, an 
asbestos sheet, a blast lamp, an electric furnace, or a 
water bath is a mystery of the first order. Any ade- 
quate idea of the application of,energy to chemical re- 
actions will be both novel and desirable. 

Speed of reaction and catalysis can be presented in 
connection with types and conditions of reactions. 

Compound substances can be classified as oxides, 
acids, bases, salts, and organic substances. There are 
very few exceptions to this classification. Ammonia is 
the most important exception and may be placed in a 
miscellaneous list with other compounds of non-metals 
or treated separately. 

The oxides are comparatively simple and their forma- 
tion will already have been mentioned in connection 
with atomic weight determination. The occurrence, 
formation, and properties of the oxides together with 
the practical importance of carbon monoxide, carbon 
dioxide, lime, sand, hematite, water, hydrogen peroxide, 
and some other oxides can be treated as one topic. The 
classification of oxides into acidic and basic anhydrides 
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is of course obvious, and a great help in teaching their 
properties. Metallurgy in so far as it concerns the 
reduction of oxides belongs here, as well as the introduc- 
tory study of industrial pigments. The purification of 
liquids and criteria of purity should be treated here 
unless it was introduced with the liquid elements. 

In the discussion of oxides as well as the later dis- 
cussion of salts, the use of mineralogical names for 
chemical substances should be incidental because any 
emphasis on them serves to distract the student from 
the chemical nature of the mineral. It should be 
pointed out, however, that they are from the terminol- 
ogy of another science because the constant occurrence 
of ite (hematite, calcite, pyrolusite, etc.) is confusing 
when the student has learned the chemical meaning of 
this suffix. 

The study of the oxides having been completed, the 
acids will constitute the fifth topic. At this point the 
presentation should be confined to the acidic properties 
of the few acids that are widely used as such in the 
laboratory and in industry. The action of acids on 
metals, bases, oxides, carbonates, and sulfides, as well 
as the number of common laboratory and industrial 
acids are rare ideas in the minds of young chemists. 
In case the oxidizing action of nitric and sulfuric acids 
was not treated under types of reaction, it should be 
left for a later topic. The manufacture and physical 
and acidic properties of hydrochloric, nitric, sulfuric, 
acetic, citric, and phosphoric acids will serve to empha- 
size the main acids of importance as such. The general 
relation of acids to the non-metals, the anhydrides, and 
the bases is sufficient treatment of all other acids for 
most students. 

Since acids are compounds of non-metals it may be 
desirable to introduce ammonia as the next topic and 
include or not, as the course demands, phosphine, silicon 
carbide, or any other compounds of non-metallic ele- 
ments. For most courses ammonia alone is sufficient 
and its synthesis offers an excellent opportunity for 
returning to the idea of equilibrium. This seems to 
me to be the logical place to teach ammonia, although 
some will prefer to leave this topic until after bases 
have been taught. 

Bases constitute a seventh topic and only a few of 
them need individual attention, possibly sodium, 
potassium, ammonium, barium, and calcium hydroxides 
and the precipitation of insoluble bases. Acidimetry 
and alkalimetry belong at this point. 

Salts constitute the eighth subject. Their prepara- 
tion and properties, together with the study of such indi- 
viduals as the course provides time for, should be in- 
cluded. Since there are so few common acids, a much 
better grouping of salts is provided by the negative 
radical. Acid and basic salts, general solubilities, and 


the principles of precipitation belong here. 

A topic that is usually sadly neglected in general 
chemistry is the purification of solids and tests for their 
purity. There is no other place to present this impor- 
tant subject in the usual chemistry curriculum and the 
neglect of it is apparent in the ideas exhibited by many 
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young chemists. Purification as taught in organic 
chemistry does not carry over to inorganic substances, 
and, furthermore, crystallization is a general process 
and so belongs in general chemistry. The idea can be 
introduced with the elements, except for the practical 
difficulty of the insolubility of most of them. Salts are 
the first substances encountered in this outline that 
lend themselves generally to crystallization. 

Organic substances should be introduced as a sepa- 
rate topic. The number of subclasses of this group 
that can and should be included will not be very great 
in any case. Three or four should be sufficient. The 
hydrocarbons, alcohols, aldehydes, and acids are all that 
are necessary and even the aldehydes and acids can be 
omitted. The essential properties of these few types 
of organic substances should be brought out in order 
to provide data for theoretical treatment in the later 
presentation of the ionization and electron theories. 

With the completion of these nine topics, the student 
should be quite familiar with the physical and chemical 
characteristics of the six classes of chemical substances, 
the experimental derivation and the use of formulas and 
equations, the ideas of energy, catalysis, and equilib- 
rium, as well as the use of the scientific method. In 
other words these nine topics serve as a few ideas about 
which all descriptive chemistry centers. 

Solution is a tenth topic consisting largely of physical 
chemistry that can now be introduced and studied in- 
telligently. The difference (practical difference at 
least) between physical and chemical solution should 
not be neglected because much chemical literature uses 
the term solution to cover both processes with resulting 
confusion on the part of the student. 

Raoult’s laws can be taught and with them in mind 
the student will be able to see clearly what Arrhenius 
tried to explain with his famous theory. After this 
theory is established it can be used to explain the fa- 
miliar behavior of ionic solutes, including the use of 
pH for the expression of acidity. 

If the fundamentals of qualitative analysis are to 
be presented in general chemistry they belong as part 
of the work on solution or as a separate topic immedi- 
ately following it, preferably the latter. It should be 
emphasized that the classification for analytical pur- 
poses is a classification of limited ionic behavior and 
not of all the properties of the elements both free and 
combined. If this were borne in mind much time that 
has been spent trying to correlate the analytical classi- 
fication with the periodic table would not have been 
wasted. 

Finally, the electron theory should be presented, 
preferably historically as regards supporting evidence, 
but with a minimum of experimental detail. It should 
be left in the form of a compromise among the different 
theories that have been proposed similar to that of 
Lewis (16). This can be done easily and quickly and 
then the theory can be used to explain electrochemical 
action, oxidation and reduction, some differences in 
the properties of organic and inorganic substances, 
fractional atomic weights, and radioactivity. It may 
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also be used to great advantage in the construction of 
a periodic table (17) from the atomic numbers since 
this constitutes the only means by which such a table 
can be made without having a great mass of descriptive 
chemistry at hand. 

The organization of the course in general chemistry as 
presented here is a matter of the opinion of the author, 
and the order in which the topics are presented may not 
be the best, but these twelve topics might constitute 
twelve chapters in a textbook instead of the usual 
thirty to fifty. They would differ greatly in length, 
but there is no important reason and certainly no 
scientific one for dividing the subject matter arbitrarily 
into chapters of approximately equal length. Nor is 
there any apparent reason why the descriptive chem- 
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istry of the elements should be scattered through 
twenty-four of fifty-two chapters as one textbook 
does. 

The practice of chemistry consists in the solution of 
problems and the trained chemist solves the problem of 
the moment with the aid of a small number of ideas that 
he can muster at any instant and a greater or less mass 
of information, most of which must be obtained from his 
library or his laboratory when it is needed. We should 
expect no more of the student. Neither should we 
expect the student to comprehend a law or a theory 
without some knowledge of the experimental facts 
without which the principle could never have been dis- 
covered. These two principles form the foundation 
upon which any modern course should be established. 
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DIVISION of CHEMICAL EDUCATION 


MINUTES OF BUSINESS MEETING, 
CLEVELAND, SEPT. 13, 1934 


A VOTE of thanks to the local assistants and all 
members of the Cleveland Section responsible for ar- 
rangements for the meeting was passed. 

The following officers were elected for 1934-35: 
Chairman, R. E. Swain; Vice-Chairman, R. D. Reed; 
Member-at-large of the Executive Committee, W. 
Segerblom. (The Secretary and Treasurer continue in 
office.) 

The Committee on Tests was given specific authority 
to codperate with the American Council of Education 
in its work on the construction and use of tests in chem- 
istry. 

After a general discussion relating to programs and 
papers for subsequent meetings adjournment followed. 


N. W. RAKEsTRAW, Secretary 





MINUTES OF THE EXECUTIVE 
COMMITTEE 


PRESENT: R. A. Baker, Chairman: N. W. Rake- 
straw, Virginia Bartow, W. Segerblom, J. N. Swan, 
O. Reinmuth. 

The Chairman reported briefly on the activities of the 
Division during the year, especially those concerning 
the JOURNAL OF CHEMICAL EpucaTION. One of the 
most important problems in this connection was the 
stimulation of subscriptions, upon which a fair amount 
of progress was made. He spoke of the efforts to im- 
prove the programs at the meetings of the Division, 
and of the correspondence between the Division and 
Section C of the A. A. A.S. with respect to a symposium 
on chemical education before the latter organization. 

A report was received from the Board of Publication 
indicating an improvement in the financial condition of 
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the JoURNAL and announcing plans for its further im- 
provement. 

The Secretary spoke of membership in the Division, 
calling attention to the fact that now, subsequent to the 
reorganization, there are thirty-one associate members 
carried on the roll. 

The Treasurer’s report was as follows: 








Cash in bank March 20, 1934 $222.74 
Receipts— 
Dues from active members 16.00 
Dues from associate members 10.00 
Emergency Fund for editorial office of the JouRNAL 
OF CHEMICAL EDUCATION 408.53 
657.27 
Expenditures— 
O. Reinmuth—J. Cuem. Epuc. Fund March 20-Sep- 
tember 1 425.00 
R. A. Baker—expense of St. Petersburg meeting 25.00 
J. Cuem. Epuc.—from associate members’ dues 12.00 
R. E. Bowman—reprints, committee of non-collegi- 
ate type 5.63 
M. V. McGill—expense of Cleveland meeting 25.00 
Nellie H. Seeds—secretarial work for R. K. Bowman, 
committee of non-collegiate type 3.90 
Check returned 5.00 
Tax on checks .60 
502.13 
Receipts less expenditures 155.14 
Cash in bank September 1, 1934 155.14 


Respectfuly submitted, 
VIRGINIA Bartow, Treasurer 


It was voted that the officers of the Division be listed 
in each issue of the JOURNAL and that the list of com- 
mittees, with their personnel, be printed once a year. 

Reports from the following committees were received 
and accepted: 

Special Conference Committee on the Place of Science in 
Education (Committee continued) 

Minimum Standards (Committee discharged) 

Chemical Education by Radio (Committee continued, with 
one change in its personnel) 

Premedical Requirements (Committee continued) 

Study Courses for Womens’ Clubs (Committee continued) 

Tests (Committee continued) 

Coérdination of High School and College Chemistry (Commit- 
tee continued) 

Minimum Equipment (Committee continued) 

It was voted that members of the Division be urged 
to patronize advertisers in the JOURNAL OF CHEMICAL 
EpucaTION as far as possible. 

The following appropriations were made: 


For the office of the Chairman, for 1934-35 $25.00 
For the office of the Secretary, for 1934-35 $50.00 
To cover expenditures by the Chairman during 

1933-34 $94.71 


Adjournment. 
N. W. RAKESTRAW, Secretary 
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CHAIRMAN R. E. SWAIN 


The new Chairman of the Divison of Chemical Edu- 
cation is Professor Robert Eckles Swain, of Stanford 
University. Not only has he been head of the De- 
partment of Chemistry there since 1916, but he served 
as Acting President of the University from 1929 to 
1933, during the absence of President Wilbur as Secre- 
tary of the Interior in Washington. He has been ac- 
tive in teaching and research in the fields of both in- 
organic and biological chemistry and has been in fre- 
quent demand as an industrial consultant. Most 





ROBERT ECKLES SWAIN 


noteworthy have been his contributions to the problem 
of Atmospheric Pollution, which led to the award of the 
Chandler Medal to him by Columbia University in 
1923. By his experience as an educator, as well as by 
his attainments in the field of chemistry, he is ad- 
mirably fitted to lead the Division of Chemical Educa- 
tion. He brings to his new position an insight into the 
problems of higher education which few of his predeces- 
sors have had. The Division honors itself in its new 
Chairman. 





At the spring meeting of the A. C. S. in New York City, a part of the program for the Division of Chemical 
Education will consist of a symposium on the general subject: The Lecture Demonstration Method versus I. ndivid- 
ual Laboratory Work in Elementary Chemistry. Members of the Division who may desire to present papers in this 
symposium are requested to communicate with the secretary, Norris W. Rakestraw, Department of Chemistry, Brown 


Unwersity, Providence, R. I. 
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“The APPARATUS, PREPARATIONS 
and METHODS of ANCIENT CHINESE 
ALCHEMIDSTS,” dy Y. Y. TS‘AO 


A REVIEW 
WILLIAM H. BARNES* 


McGill University, Montreal, Canada 


AM INDEBTED to Professor Tenney L. Davis of 
the Massachusetts Institute of Technology for draw- 
ing my attention to a paper in Chines¢ by Y. Y. 


Ts‘ao in Science (published monthly by the Science 
* Lecturer in Chemistry. 


Society of China at Shanghai) on the ‘“‘Apparatus, Prepa- 
rations and Methods of Ancient Chinese Alchemists’’.' 
Mr. Ts‘ao is a member of the Science Department of the 
National Central University at Nanking and his survey 
of Chinese literature on alchemical apparatus and ex- 


655 








656 


perimental methods forms an important contribution to 
data on Chinese alchemy. 

Mr. P. K. Wong and Mr. T. K. Hum, science students 
at McGill University, have made a translation of the 
paper, and Dr. Nancy Lee Swann, Curator of the Gest 
Chinese Research Library, has checked parts of the 
translation and has transliterated many of the proper 
names into their English equivalents by the Wade 
system. Grateful acknowledgment is made for this 
invaluable assistance which has made the contents of 
an interesting paper available to the West. 

It is hoped that arrangements can be made with 
Mr. Ts‘ao for a complete and accurate translation of 
his paper. Such a translation, supplemented with 
notes to connect the data with those already available 
from the work of O. B. Johnson,? T. L. Davis, and 
L. C. Wu,* A. Waley,* A. Forke,® and others, should 
constitute an important addition to the literature 
on Chinese alchemy available to the student of the 
history of chemistry. Pending the completion of such 
arrangements and in view of the unavoidable delay oc- 
casioned by the time required for correspondence with 
China, it is hoped that a general review of the paper will 
be of interest. 

As its title implies the article consists of a detailed 
description of the experimental methods and apparatus 
of Chinese alchemists. It is divided into nine parts, as 
follows. 

Part 1 consists of an introduction and a general his- 
tory of Chinese alchemy. Alchemical-beliefs are sup- 
posed to have originated in China about the time of the 
Period of Contending States (482-246 B.c.) and the 
Emperor Ch‘in Shih (246-210 B.c.) is reported to have 
had at least two of his subjects carrying out research 
toward the development of an elixir which would make 
him immortal. Alchemy was very popular from about 
300 B.c. to the time of the Han Emperor Wu (140-87 
B.C.) who is reputed to have employed 10,000 alche- 
mists. The Emperor Wu believed that a certain cinna- 
bar could be made into gold. Further references to 
alchemy are found up to, and including, the periods of 
the T‘ang dynasty (618-906 a.p.) and the Sung dy- 
nasty (960-1279 a.p.) during which times it was most 
highly developed. After the Yiian dynasty (1280- 
1367 A.D.) it gradually fell into disrepute until it was 
abandoned completely by the time of the Ch‘ing dy- 
nasty (1644-1911 a.p.) 

It may be noted that Mr. Ts‘ao undoubtedly refers 
to what we may call scientific alchemy practiced by men 
familiar with current trends in science when he dismisses 





1Ts‘ao, Y. Y., Science (Science Soc. of China, Shanghai), 
17, 31-54 (Jan., 1933). 
2 Jounson, O. S., “A study of Chinese alchemy,’’ The Com- 


mercial Press, Shanghai, 1928. 
> Davis, T. L. AND Wu, L. C., Sci. Mo., 31, 225-35 (1930); 


Technology Rev., 33 (May, 1931); 3. CHEM. Epuc., 9, 859-62 
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Davis, T. L., “Ko Hung (Pao P‘u rau), Chinese alchemist of 
the Fourth century,’ ’ J. Cem. Epuc., 517-20 (Sept., 1934). 

*Watey, A., Bull. Sch. Oriental Studies, 6, 
6, 1102-3 (1932). 

5 Forks, A., Archiv. Ges. Philosophie, 41, 115-26 (1932). 
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the subject as having come to an end by the time of the 
Ch‘ing dynasty. Johnson states that “..... the dream 
of the Taoist alchemist still survives, and not infre- 
quently in the remoteness of some mountain temple, 
may be found earnest men making diligent and per- 
sistent search for the elixir of life..... and for the phi- 
losophers’ stone... .. ” (loc. cit., p. 109), and Dr. Swann 
informs me that in recent years she has encountered al- 
chemical practices in the interior hill districts of China. 
A similar condition, of course, exists in the West, and 
in my files I have abundant evidence of the existence 
of secret societies and individuals who believe in the 
alchemy of the Dark and Middle Ages and are in alleged 
possession of the philosophers’ stone or a modern equiv- 
alent, and for the paltry sum of sixty dollars entrusted 
to a certain corporation one may learn the “Law of 
Perpetual Youth,” study the “Science of Existence,” 
and live forever! 

Of the two principal pursuits of alchemy, namely, 
everlasting life and the transmutation of metals, the 
former was the earlier and always more important phase 
in China in contrast to the relative periods of emersion 
and the relative importance of these two aims in the 
West. In addition to, or pursuant to, their search for 
a drug or elixir of immortality and an agent of trans- 
mutation, Chinese alchemists occupied themselves with 
the melting of gold and the manufacture cf medicines, 
ferments, oils and waxes, coloring matter, foods, and 
stage magic. Many articles on chemical subjects were 
written during this period. 

In Part 2 the fundamental requirements for the loca- 
tion of alchemical apparatus are considered. Of first 
importance were silence and cleanliness, and hence an 
uninhabited region was advocated. Thus Ko Hung 
(third to fourth century A.D.) recommends a mountain, 
while a book of the seventh century a.D. which purports 
to be a critical study of an earlier work ascribed to the 
Yellow Emperor (2698-2598 B.c.) specifies that the 
mountain must have steep cliffs and contain neither 
beasts nor human beings. The same book also suggests 
a thick, deserted forest, but claims that the necessary 
operations may be performed satisfactorily in an in- 
habited district if the alchemist is surrounded by an 
inaccessibly high and thick wall. 

Preliminary measures of a disciplinary character were 
necessary before commencing the work. These in- 
cluded fasting, bathing and shampooing, avoidance of 
dirt of any kind, and the shunning of cruel, ignorant, 
bereaved, or married people, according to the two 
authorities mentioned in the preceding paragraph. 
Furthermore, it was necessary to hide a knowledge of 
alchemical plans from skeptics because of the fear that 
they might take steps to frighten away good spirits, 
while suitable precautions were essential to rid oneself 
of evil spirits. 

Specifications for the platform employed to support 
the alchemical oven are given in Part 3. It was made 
of earth, but authorities differ with respect to the opti- 
mum dimensions. Thus a book of the T‘ang dynasty 
says it is eight inches high by twenty-four inches wide, 
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while another of the Yiian or Ming (1368-1644 A.D.) 
period describes a more elaborate structure consisting 
of three tiers, one foot two inches high by five feet five 
inches wide, one foot high by four feet five inches wide, 
and eight inches high by three feet five inches wide, re- 
spectively. : 

In addition to the platform itself other details of 
importance had to be arranged before the sacred house 
or cave was regarded as suitably equipped for the 
work in hand. A book of the twelfth century A.D. 
specifies that two pounds of cinnabar must be buried 
under the platform, an old sword must be placed beside 
the oven, and an old mirror must hang on the north 
side of the oven. It was considered essential by others 
that certain articles should be buried around the plat- 
form, such as one pound of cinnabar one foot away to 
the south, one pound of plaster to the north, one pound 
of cast iron to the east, and one pound of silver to the 
west. 

Finally, all apparatus and the earth for constructing 
the house or for use on the floor of the selected cave 
had to be clean. The earth might not be salty or bit- 
ter. It was necessary that it should be yellow and 
hard. 

Part 4 is concerned with descriptions of the alchemi- 
cal ovens. 
were placed in a container or crucible which was en- 
closed in an oven. The crucible was surrounded com- 
pletely or partially by suitable fuel which was then 
ignited. The crucible and fire were thus contained in 
a common vessel or oven and no methods appear to 
have been employed for heating the crucible by means of 
a fire in an independent container or stove. 

The types of ovens in use were many and varied. 
The simplest consisted of a cylindrical pot closed at the 
bottom and sometimes perforated near the top and 
bottom to permit a circulation of air through the fire. 
Another was shaped like a beehive with a flat top, in 
the center of which was a hole for the introduction of the 
container and the emission of flame. Hollow cylinders 
were employed with a grating of iron rods at the bot- 
tom. This type was supported about two inches above 
the ground on legs to allow air to pass upward through 
the fire. Rice shells often were employed for fuel. 

In two of the more elaborate examples the oven was 
divided into an upper and a lower section. In the first, 
or “‘reverse oven,”’ the upper (fire) section held the con- 
tainer and fuel and had a perforated top. In the lower 
section was mounted a water vessel packed in ashes and 
mud. Tubes passing through the sides of the oven 
allowed water to be introduced when desired and also 
served as outlets for steam. The crucible was in con- 
tact with the water container at the junction between 
the upper and lower sections of the oven. In the second 
apparatus the lower half was the fire section while the 
upper part contained water. Thus. in both types a 
small area of the reaction vessel could be kept cool dur- 
ing the heating. Examples of these two‘ types are 
shown in Figure 1. That on the left [Figure 3(a) of 
Mr. Ts‘ao’s paper] belongs to the “‘reverse oven” type 


Apparently the ingredients for the elixir . 
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with the container and fuel above and the cooling sys- 
tem below. That on the right (Figure 4 of Mr. Ts‘ao’s 
paper) is an example of the second type, ‘‘water on top 
and fire in the bottom,” in which the container was sup- 
ported on three round iron legs and surrounded by the 
fuel, while the vessel with which it was in contact at the 
top contained water. 

Two kinds of crucibles or containers are discussed 
in Part 5. The first, or ‘‘fire crucible,” already has 
been mentioned as containing the necessary substances 
and being surrounded completely or partially by the 
fire. Thesecond, or ‘‘water crucible,’’ sometimes called 
“water jar,” was employed solely as a container for 
water in order to cool part of the “‘fire crucible,” as in 
the first type of oven described in the preceding para- 
graph. One of these ‘‘water crucibles” is given in Fig- 
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ure 2 (Figure 18 of Mr. Ts‘ao’s paper). It consisted of 
a jar half-filled with water and covered with a brick 
having a hole through its center. The reaction vessel 
was placed on the brick and over the hole. The ‘‘water 
jar” and brick were packed in moist earth (shown black 
in Figure 2) while the fire as usual surrounded the ‘‘fire 
crucible” or reaction chamber. The complete ap- 
paratus was enclosed in a suitable oven as illustrated. 

In cases such as that outlined at the end of Part 4 
above, when the water was placed above the ‘‘fire cru- 
cible,”’ the ‘‘water lake” was employed instead of the 
“water jar.’ This consisted of a water container 
placed above the reaction vessel and usually sealed into 
its mouth. The top of the “fire crucible’ was thus 
cooled by the bottom surface of the “water lake.” 
Various means were employed to increase the cooling 
surface. For example, a straight or coiled tube ex- 
tended from the ‘‘water lake’’ irtto the “‘fire crucible,”’ 
and the former sometimes was equipped with fins con- 
sisting of circular plates of gold through the centers of 
which the tube passed normally to their surfaces. 

In Figure 3 (Figure 9 of Mr. Ts‘ao’s paper) a is a 
“‘water lake’ and was made of silver. The lower tube 
which projects from it was of impure gold, had a length 
of about four inches, and weighed about one ounce. 
The reaction chamber (5) also was made of'impure gold 
and had a weight of from one-half toone pound. The 
gold tube of a passed through the hole in the top of d 
and the reaction chamber with its ‘‘water lake’’ was 
then placed in the porcelain or china vessel (c) the body 
of which was covered with “‘six-one mud.”’ All connect- 
ing parts were closely fitted and presumably sealed with 
plaster or mud because the apparatus was allowed to 
dry before heating in the oven. 
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The various crucibles were made of gold, silver, cop- 
per, iron, or earthenware. 

Part 6 deals with distillation and distilling apparatus, 
employed chiefly in the preparation of mercury from 
the roasting of cinnabar or the decomposition of mer- 
curic oxide. A number of recipes for the preparation 
of mercury from cinnabar are unduly complicated by 
irrelevant details. One in particular must be com- 
menced only at midnight on a selected date and after 
placing three iron nails on the sealed cover of the reac- 
tion chamber in which the ingredients [cinnabar and 
yellow vitriol (?)], after preliminary treatments, have 
been placed carefully and according to specific direc- 
tions. Heating may then be commenced and it re- 
quires about three days and three nights before the oven 
may be allowed to cool in order to remove the mercury. 

Figure 4 (Figure 19 of Mr. Ts‘ao’s paper) illustrates 
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a very simple form of still which consisted of a porcelain 
container (a) resembling a short-necked, round-bottomed 
flask in appearance. It had a capacity of fifty ounces. 
Ten ounces of cinnabar and eight ounces of particles of 
native gold were placed in the flask, the mouth of which 
was then closed with pieces of porcelain. The flask 
was inverted and set in a jar (b) neck downward so that 
it sealed the circular mouth of the latter as inc. The 
bottom of the jar was filled with water to a depth of one- 
fifth of an inch. Flask and jar were placed in an oven 
and heated, whereupon mercury flowed out of the flask 
and collected in the water in the jar. The fact that 
“particles of native gold’’ were introduced indicates 
that this procedure probably had as its object the ex- 
traction of the gold. Sometimes powdered coal was 
used with the cinnabar in this apparatus, apparently 
as a reducing agent. 

Stills of more efficient design, with the still-head pro- 
jecting from the oven and a long air-cooled condensing 
tube leading to a receiver, were in use at least as early 
as the twelfth century A.D. It may be noted that a 
similar type of still, according to Berthelot, was em- 
ployed in the West in the fourth century a.p.° 

The operation of grinding is dealt with in Part 7. 
It had the two obvious purposes of decreasing the size 
of particles and hastening chemical reactions. For ex- 
ample, black mercuric sulfide was obtained as early as 





6 Ecitorr, G. AND Lowry, C. D., “Distillation as an al- 
chemical art,’’ J. CHEM. Epuc., 7, 2063-76 (Sept., 1930). 
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the second century A.D. by grinding together mercury 
and sulfur. Lead amalgam was prepared similarly. — 

A book of the seventh century a.D. states that a good 
sieve is better than grinding because with its use grind- 
ing is not necessary—an economy of labor if not of ma- 
terial. A book of the eighth century A.D. recommends 
horsehair for the manufacture of the sieve. 

Many of the prescriptions of the alchemists called for 
sublimation. This operation is outlined in Part 8. 
Many of the crucibles described in Part 5, particularly 
those equipped with a ‘‘water lake,’’ were employed for 
sublimations. Quotations are given, describing the 
preparation of pure cinnabar, flowers of sulfur, arseni- 
ous oxide, mercurous and mercuric chlorides. 

Finally, Part 9 contains formulas and procedures for 
compounding the mud, plaster, or earth for sealing the 
crucibles and, in certain cases, for insulation purposes 
to prevent the ingredients in the reaction vessel from 
heating too rapidly. Occasionally, the earth played a 
part in the reaction. 

Further articles on such operations as crystallization, 
evaporation, filtration, and precipitation are promised. 

Much of the charm and value of the original paper 
lies in the numerous quotations from alchemical writ- 
ings. None of these have been reproduced in this 
review because we have been unable to give them the 
time and care which would be necessary to insure, not 
only accuracy of content, but also retention of their 
style and spirit. 

The article contains a bibliography of thirty-five 
items which include nine of the twenty-six dynastic 
histories of China, at least three medical works, two 
books apparently of an archeological character, and 
the remainder alchemical in content. It is illustrated 
with twenty-one figures from Chinese alchemical litera- 
ture, of which four from a twelfth-century text have 
been reproduced independently from original sources by 
Professor Tenney L. Davis and Dr. Lu-Ch’iang Wu in 
the Technology Review of the Massachusetts Institute 
of Technology.’ 

The number of Science in which the paper appears? 
has as frontispiece (reproduced at the beginning of 
this article) a painting by Mr. Ts‘ao depicting two 
Chinese alchemists engaged in their operations in a 
mountain cave. A fire burns brilliantly in an oven 
upon a platform which consists of three layers and a 
base. An old sword stands point downward in the 
second step of the platform. A circular mirror hangs 
on the wall of the cave. Pieces of paper painted with 
appropriate designs flutter at the mouth of the cave to 
frighten away evil spirits. Two other ovens are in 
operation upon the floor and a large still stands in a 
corner. Jars of cinnabar, old manuscripts, and sundry 
pieces of miscellaneous apparatus complete the picture. 
One of the alchemists stands in the mouth of the cave 
with his right hand on his heart and his hair knotted on 
top of his head in the style of the modern Taoist priest, 
while the other makes obeisance before the platform. 
This colorplate makes an engaging addition to an im- 
portant and interesting paper. 











A CHEMICAL EXHIBITION 


Presented at Carleton College 
A. T. LINCOLN 


Carleton College, Northfield, Minnesota 


HE STAFF of the chemistry department, with 
the codperation of nearly two hundred students 
taking work in the department, recently pre- 
sented another very successful chemical exhibition. 
Seven years ago the first of these exhibitions was given. 

The exhibition was open Friday evening and Satur- 
day afternoon and evening. An invitation was ex- 
tended to the students and faculty of St. Olaf College. 
The Saturday afternoon session of the exhibition was 
especially for high-school students, invitations having 
been sent to the high schools within a radius of easy 
driving distance. The response was very gratifying as 
several hundred high-school pupils were in attendance 
with their science teachers, whose great interest in the 
exhibits was manifested by the numerous questions 
they asked and the notes they took. The attendance 
was such as could be comfortably handled without un- 
due crowding; it was estimated that there were over 
3000 visitors. 

We have received many inquiries concerning the 
details of this exhibition, and because of general interest 
it occurred to us that many others would like to know 
what can be done in the way of putting on a chemical 
exhibition in a college of liberal arts. It might be 
stated that the display was strictly speaking a chemical 
exhibition as we did not attempt to introduce any of the 
spectacular features emphasized in the ordinary chemi- 
cal show, or open house, wherein the alchemistic phases, 
the mystical and stunt spectacular shows are presented, 
or the chemical play is performed. 

The exhibition consisted of demonstrations illustrat- 
ing the different types of routine chemical experiments 
carried on by the students in the different laboratory 
courses, as well as some of the research by members of 
the chemical faculty. There were also displays of over 
sixty different projects illustrating various important 
industrial fields, emphasizing the dependence of indus- 
try in general upon the work of the chemist as well as 
of the rapialy increasing chemical industry. In this 
connection many of the newer chemical compounds and 
commercial products which have been developed 
through chemical research during the last few years of 
the depression were exhibited. 

It is not possible to describe the many popular ex- 
hibits and demonstrations, so special attention will be 
given to a few of the more highly specialized industrial 
ones. The soap display illustrated the historical de- 
velopment of that industry from the “‘ashery’’ down 
to examples of some of the newest types of emulsifying 
and detergent agents, with demonstrations of the 
analyses and exhibition of many commercial products. 


The petroleum industry was represented by a demon- 
stration of multiple condensation effects, an extensive 
flow-sheet with display samples illustrating the various 
stages and finished products, pictures, diagrams of 
cracking processes, and literature. The public was 
much interested in this display, particularly in the 
methods of analyses which were demonstrated, such as 
the determination of viscosity and flash point. The ex- 
tensive and comprehensive exhibit of coal, coal tar, and 
their products traced the process of destructive distilla- 
tion and, by diagrammatic arrangement of samples of 
the products, showed their interrelations. In this 
connection there was an extensive exhibit of samples of 
over fifty dyes illustrating -the six or eight principal 
general types. The medicinal chemicals were displayed 
near the coal-tar products, and their relationship 
emphasized by classification and subdivision so that, 
by means of attached strings, their properties, chemical 
compositions, and uses were illustrated. Some special 
groups, such as anesthetics, were particularly em- 
phasized. 

The cellulose industry was presented with special 
emphasis on paper, textiles, and the synthetic products, 
including rayon, alpha cellulose, and the products pro- 
duced therefrom, such as lacquers. The various types 
of plastics were presented as a separate display, which 
included samples of the newer varieties utilized in 
dentistry, in the manufacture of dishes and buttons, 
and in the construction of modern houses. The dis- 
play which included fertilizers, insecticides, germicides, 
and fungicides, and demonstrated the work of the 
Entomology Department of the Agricultural College 
of the University of Minnesota in combating the 
grasshopper menace, attracted much attention. Sam- 
ples of many of the newer and more effective chemicals 
utilized in fighting the diseases and enemies of plants 
were likewise exhibited. 

One of the exhibits which created much interest was 
that which portrayed the efforts being made to utilize 
farm products as raw materials in chemical industry. 
This comprised a fine display of the process, with ac- 
companying samples, utilized for the production of 
levulose, and the by-products from the Jerusalem arti- 
choke, or wild sunflower, developed by the Iowa State 
College of Agriculture. Others emphasized were the 
products derived from oats, including furfural, utilized 
in the plastic industry; corn products, comprising 
numerous by-products such as starch, dextrins, corn 
oil, and corn sirup; linseed oil and various by-products 
of this important Minnesota industry; as well as an 
excellent display of the beet-sugar industry. 
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The electrochemical industry was represented by 
experimental demonstrations of Davy’s preparation of 
metallic sodium; electrolytic preparation of chlorine, 
hydrogen, and oxygen; electroplating of copper, nickel, 
and chromium; the rapid quantitative determination 
of copper by electrodeposition; the fixation of at- 
mospheric nitrogen by the are process; and the Ostwald 
process for the oxidation of ammonia to nitric acid. 
The products of the electric furnace, such as abrasives, 
refractories, and numerous important alloys, were 
illustrated by the display of many fine specimens. 

The common metals such as iron, copper, nickel, lead, 
and zinc were represented by a fair display of samples 
of their ores, refined metals, alloys, salts, and chief 
products, in addition to maps showing sources of ores, 
diagrams and pictures of equipment and metallurgical 
processes. The demonstrations accompanying this 
project comprised the Goldschmidt process for reduc- 
tion of iron ores and blow-pipe analysis of the more 
common elements. 

An arrangement of about fifty of the more common 
elements according to the periodic classification was 
displayed along with their-sources and uses. In addi- 
tion were exhibited two of the outstanding illustrations 
built by the students, showing the space arrangement of 
the elements. 

The display of the constituents of the atmosphere was 
represented by a series of flasks indicating by their 
relative sizes the percentage composition. The demon- 
strations consisted of the determination of the per- 
centage of oxygen in air and a showing of the spectra 
of all the elementary gases contained in the atmosphere. 
Associated with this was a demonstration of the spec- 
tra of the alkalies and alkaline earth elements. Ad- 
joining was a demonstration of acetylene-oxygen 
welding to illustrate the commercial use of oxygen 
obtained by the liquefaction of air. Both of these 
demonstrations attracted large numbers of visitors. 

Anti-freeze mixtures were shown, and a demon- 
stration of their analysis by distillation and the deter- 
mination of the specific gravities of the distillate frac- 
tions by the Westphal balance was carried on. To 
show the low temperatures and the freezing points of 
these mixtures “dry ice’ was employed; and, inci- 
dentally, the driving of nails with a ‘‘mercury hammer” 
was a very popular demonstration. 
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In one lecture room an illustrated lecture on liquid 
air was given twice during each of the three sessions 
of the exhibition. These were very popular and the 
room was usually crowded to the door. 

The demonstration of dust explosions was a popular 
exhibit which, in conjunction with numerous photo- 
graphs showing the results of dust explosions in various 
types of mills and factories, gave many of the visitors 
an opportunity to ‘relate their own experiences.” 
Associated with this was an exhibit of automatic fire 
extinguishers accompanied by a demonstration showing 
the relative virtue of Foamite. 

One of the interesting and attractive exhibits was 
that on explosives, which included demonstrations of 
smoke screens, a chart of war gases, and a particularly 
large and valuable display of old firearms, among which 
was a German machine gun of 1918. 

The display of cosmetics, perfumes, and essential 
oils was attractively developed to show the materials 
of which cleansing creams, vanishing creams, and nu- 
merous other products are compounded. The students 
in charge exhibited, by way of demonstration, some of 
their own products. 

Perhaps one of the most popular features of the ex- 
hibition was the industrial motion pictures which were 
presented twice during each of the three sessions. The 
films presented introduced the appreciative public to 
the inside workings of mines and factories, and for the 
first time enabled them to gain information concern- 
ing the fabrication of some of the common commercial 
products which they themselves use. 

The exhibit of chemistry in its relation to photog- 
raphy was worked out and presented in great detail to 
illustrate the ‘historical development as well as the 
modern art of photography. Demonstrations showing 
the action of developing agents, fixing agents, and 
projection printing were presented, as well as the 
printing process. Exhibits consisted of displays of the 
stages in the manufacture of the photographic film, 
various types of cameras, the optical phase of photog- 
raphy, an enlarging and copying apparatus, color 
filters, and large classified groups of chemicals employed 
in the various processes utilized. A gratifying feature 
of this exhibit was the interest of the public, as manifest 
in the questions asked and the attention to the instruc- 
tion given by the attendants. 





EXPLANATION OF FIGURES ON OPPOSITE PAGE 


1—PETROLEUM PRODUCTS. 
gasolines, and lubricating oils. 
2—VISCOSE RAYON. 
38—PLasTIC INDUSTRY. 
4— DENTISTRY AND CHEMISTRY. 
5—Harpwoop DISTILLATION INDUSTRY. 
tion of hardwoods. 
6—PaINT INDUSTRY. 


A display of most American crudes and numerous distillation products including intermediates, 


Illustrating the stages of the process and a display of unusual cellulose products. 
Display of the six or eight different types of plastics with many of the products produced therefrom. 


Display showing the importance of chemical products in dentistry. 
Display of some of the more common products obtained from the destructive distilla- 


Display of paint pigments including Dutch white lead process, zinc pigments, and the new type of 


lacquers and varnishes with solvents and gums, including many new substitutes. 
7—WaATER PURIFICATION AND ANALYSIS. 

exchange method. 
8—CHEMICAL SOLVENTS. 


Display of various precipitation methods for water softening, including the base 


Display of many of the newer solvents employed in the various industries. 
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It is not feasible to describe in detail the numerous 
other displays and exhibits that were presented. Those 
discussed will indicate in sufficient detail the character 
of these displays and the treatment given the exhibition 
material to portray the character of the industry repre- 
sented, as well as to acquaint the public with some of the 
more important articles of commerce provided by this 
industry and its particular contribution to the needs or 
pleasures of the individual. By the introduction of 
demonstrations and experiments the dependence of 
the industry on the efforts of the chemist is more 
forcibly emphasized. 

Notwithstanding the publicity that has been given 
chemistry in the last few years, there are still many who 
do not have the remotest idea of the value or even the 
importance of chemistry to the life of the community, 
to say nothing of the dependence of industry upon 
chemistry. One of the values of an exhibition such as 
we have presented is that it creates student and com- 
munity appreciation of the significance of the science. 

Perhaps the most valuable asset of a chemical exhibi- 
tion is the benefits the students themselves derived from 
their participation in such an undertaking. Their 





JouRNAL OF CHEMICAL EDUCATION 


knowledge of the project on which they are working is 
greatly increased, they become interested in doing 
something, and most of them desire to do it well. 
This means that they develop their originality and 
apply their ability to the production of a good exhibit. 
They soon realize what some others are doing and the 
spirit of rivalry enters in, with the very wholesome re- 
sult that the character of all exhibits and displays 
reaches a high degree and the entire exhibition pre- 
sents an exceptionally fine appearance. Then by 
visiting the other displays, the students learn a great 
deal, and particularly is the relationship of the various 
exhibits emphasized. Throughout the whole there is 
the evidence that it is only through chemistry that 
these marvelous products have been made available 
and that these great developments and advances to a 
higher plane of living have come about through re- 
searches of the chemist, and that we are truly living in 
the Chemical Age. 

A large number of other valuable assets could be 
readily enumerated, but the few benefits just mentioned 
are sufficient to justify the great labor connected with 
such an undertaking. 





COMMODITY-TESTING PROJECTS’ 


HERBERT L. DAVIST 


Westminster College, New Wilmington, Pennsylvania 


An effective way to stimulate student interest and ac- 
tivity 1s to set up codperative commodity-testing projects, 
comparing competitive samples of familiar purchases. 
A brief review of such work and its results justifies a wider 
use of the method. 
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ROM time to time appear descriptions of various 

activities in chemistry that serve to stimulate 

interest and an active participation on the part of 
students. Since there is no oversupply of such sugges- 
tions, it may not be amiss to include a brief report of a 
project development recently successfully carried out. 
The stimulus to the development was the observation 
of the greatly increased interest of the students when 
the class discussion brought out any reference to the 
interesting and valuable work being done by Con- 
sumers’ Research in testing and making comparative 
reports on nearly all the materials the small consumer 
buys. Consequently students accepted gladly the 





* Presented before the Division of Chemical Education of the 
A. C. S. at Cleveland, Ohio, September 11, 1934. 
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suggestion that they test and compare a number of 
common commercial commodities, making recommen- 
dations as to the advisable purchases. 

The work was done by two sections of a cultural 
course in college chemistry, taken by students offering 
high-school chemistry. It is felt that such a back- 
ground is highly desirable. While such projects might 
enliven the major course, those students can more 
profitably concentrate on other items, as later they will 
normally acquire much of the information that comes 
from the projects. The work proved so popular on the 
campus that a number of students taking a first course 
in chemistry have expressed the wish that they too 
could have had projects. While simpler work of the 
sort may be devised and is planned for the future, it 
appears that only the best students of this group could 
have done the present work without an excessive ex- 
penditure of time. 

The purposes in devising the program were wholly 
pedagogical. No great effort was made in this first use 
of the plan to make the test exhaustive, nor was any 
pressure exerted to achieve extreme accuracy and 
quantitative results. For this reason the offered 
assistance of Consumers’ Research was declined, 
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although the author acknowledges with appreciation 
much guidance from Consumers’ Research publications. 
The tests are believed to present a reliable picture of 
the local products studied, and agree in major respects 
with other reports of nationally available commodities. 
Professor Paul E. Spoerri of The Polytechnic Institute 
of Brooklyn is engaged in working out more complete 
and accurate tests for such a program as this and should 
soon have available some interesting material. 

The primary purpose of the whole undertaking was 
to impress on these cultural students the immediate 
applications of chemistry to their everyday affairs. 
Probably no other activity has been so successful in 
achieving this end. A secondary purpose was, by 
means of the organization adopted, to aid the superior 
students in exercising their ability and initiative, and 
they were held up to good standards where necessary. 
In place of the more active work.as project leaders, 
three quarters of the class wrote semester themes on 
processes, products, and personalities in chemistry. 
Another secondary purpose was to convey to the stu- 
dents some reliable knowledge concerning commercial 
products, their composition, preparation, adulteration, 
and real value. 

Early in the second semester the best students se- 
lected from a suggested list of possibilities these com- 
modities: ammonia, vinegar, gasoline, toilet soap, 
laundry soap, baking powder, cosmetic creams, tooth 
paste, and special cathartics. Others suggested in- 
cluded tooth powders, water softeners, any number of 
cosmetic preparations, various studies on textiles. 

Each project leader selected from one to four addi- 
tional students as members of his group who were to aid 
in collecting information and making tests. Primary 
responsibility fell upon the leaders, and after about six 
weeks they submitted detailed outlines showing that 
they understood their commodities and the proposed 
tests. After two weeks of preparation, two weeks of 
the laboratory time were allotted to the tests. Con- 
siderable extra time was given to this work, but no 
student was heard to complain, there being evident an 
unwonted and very enjoyable spontaneity about the 
whole affair. 

The results were, of course, not uniformly good, but 
varied with the difficulty of the problem, accessibility 
of the literature and apparatus, and very largely with 
the student’s ability and interest. Of the projects 
chosen, that dealing with household ammonia is proba- 
bly the easiest to bring to a definite conclusion. The 
others involve, in addition to the objective tests which 
can be made, certain other subjective factors such as 
the flavor of toothpaste or vinegar, etc., in which 
definite evaluation is difficult. There is little argument 
about the finding that the poorest ammonia was five 
times as dilute and ten times as expensive as the best. 
But the finding that the poorest vinegar was about 
three times as expensive as the best buy (in terms of 
acetic acid) might be balanced against a preference for 
the flavor of the dilute vinegar. In this case the worst 
vinegar was a bottled, caramel-flavored concoction, 
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while the vinegar recommended as the best buy is a 
decent apple-cider barrel product. 

Of the seven toilet soaps tested, a luxury soap at 35 
cents a cake and the cheapest soap tested were found to 
contain silicate. One contained free alkali but none 
contained sugar or carbonate. In this study we did 
not attempt to settle the disputed value of silicate, 
rosin, or carbonate in soap, but did regard them as un- 
necessary in toilet soap and possibly of limited virtue in 
laundry soaps. A study of water-softening such as 
was carried out by Lowman! would have been of in- 
terest at this point. On the laundry soaps, additional 
tests were made for chloride and sulfate, and a deter- 
mination of water showed the common soaps to range 
from 25% to 35% water and to furnish from 17 to 67 
grams of anhydrous material for one cent. 

The baking powder project included determination of 
total carbon dioxide by excess acid, together with ion 
detections, and the report included an extensive survey 
of the whole field. Of the four gasolines, the distillation 
curves were nowhere separated by more than 20°F. and 
the various tests were passed successfully save in one 
case where the doctor test was positive for a gasoline 
with a distinctly unpleasant odor. 

In the above-named projects, necessity products 
were found to conform in general to reasonable stand- 
ards, although selection among them is guided by the 
tests. In the rest of the projects one enters the realm 
of advertising fairy tales where objective tests can only 
warn of items to avoid. The eight complexion creams 
revealed no mercury, lead, bismuth, or zinc, and so 
were passed as acceptable; a more complete study 
might include the character and amount of the oil phase 
present. The project on laxatives and cathartics 
included an extensive search of medical literature for 
materials of this sort, and laboratory examination of a 
few of the commercial products, including the trick 
crystals. Clear was the impression that proper diet 
and adequate liquid intake constitute the safest and 
most effective way to deal with this problem and that 
one is justified in doubting the wisdom of daily use of a 
horse purge in the hopes of curing all known ills, to say 
nothing of the economy of paying ten to fifteen times 
its real value. 7 

The dentifrice studies were aided by information 
from the American Dental Association, whose hands 
may well be strengthened in upholding standards for 
admission to the class of ‘Accepted Dental Remedies.”’ 
The similar work of the American Medical Association 
laboratory deserves wider publicity as a potent protec- 
tor of the public against all sorts of poisons and worth- 
less concoctions. It became clear that the sole function 
of a dentifrice is to make tooth-brushing taste better and 
that none can cure any of the real or imaginary ills so 
widely advertised nor can any make the user popular. 

The tests were undertaken in no extremely critical 
spirit ar 1 many products were found to be perfectly 
satisfac ry. <A few of the samples were donated from 





1 LowMaN, J. CHEM. Epuc., 9, 1809 (Oct., 1932). 
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stock by local merchants, several of whom have been 
quite interested in the reports on their merchandise, in 
some cases indicating a decision to modify future pur- 
chases in accordance with the tests. It seems obvious 
that such a codperative spirit may be superior in real 
results for the consumer to any such work which alien- 
ates merchants and manufacturers. 

The projects as a whole did stimulate most of the 
leaders and many members of their groups to an active 
interest in the work. Looking up procedures for tests 
and carrying them out is an excellent method of learn- 
ing them. It seems probable that individual work may 
be more valuable than group work. ‘An excellent 
outline of individual preparation projects is given by 
Haub.? Also many students will be much interested in 
such projects as described by Walters,? who had his 


~ 2 Have, J. Cuem. Epuc., 4, 1241 (Oct., 1927). 
3 Wa.tTERS, tbid., 7, 358 (Feb., 1930). 








JouRNAL oF CHEMICAL EpucATION 


students undertake patent medicine preparations as 
well as a number of process projects. 

For the class as a whole and to an increasing circle of 
their relatives and friends this project work brought 
these common materials out of the haziness of ‘‘a cake 
of soap” or ‘‘a tube of toothpaste’ down to some real 
information of these products as made up of chemical 
substances good, bad, and worthless, but all capable of 
detection and analysis and therefore of comparative 
evaluation. Honest industrial enterprise has nothing 
to fear from such studies, although some modifications 
of products may be accelerated. The quacks and 
charlatans will find it more difficult to sell their worth- 
less and harmful concoctions if more chemistry teachers 
really let chemistry sell itself to their students. 

Test methods for such a program have been compiled 
and will be made available at a nominal cost by Con- 
sumers’ Research, Washington, New Jersey. 





PROBLEMS of TEACHING 
QUANTITATIVE ANALYSIS 


I. Analyzed Samples 


M. G. MELLON AND J. P. MEHLIG* 


Purdue University, Lafayette, Indiana 


One of the important objectives for a course in elemen- 
tary quantitative chemical analysis is to teach the student 
to make acceptable determinations. As a means of as- 
certaining an individual’s ability to work effectively in 
the laboratory probably nothing is of more value to the in- 
structor than an adequate supply of dependable analyzed 
samples. 

Although such samples are undoubtedly necessary 
wherever classes contain many students, the number ob- 
tainable commercially is, in most cases, not sufficient for 
large groups. Certain students are always encountered 
who exert much energy and ingenuity trying to analyze 


++ + 


CHARACTERISTICS OF GOOD SAMPLES 


ERHAPS the first requirement of a set of samples 
P: that they shall be of known composition. That 

is, the instructor should know the amount in 
each sample of the constituent the student is to deter- 
mine. Ordinarily this value should be obtained with 
the method and under the conditions used by the stu- 
dent, preferably with a little better precision than that 
of the best students. Occasionally an instructor pre- 





* Now at Oregon State College, Department of Chemistry. 


by comparing their samples with those of their neighbors. 
The hope of eliminating this practice as far as possible 
justifies the effort to secure a supply large enough to pro- 
vide series for alternate years with a different sample for 
each student in any one year. Occasionally also the sam- 
ples which may be purchased are not homogeneous, stable, 
or carefully analyzed; or the combinations desired are un- 
available. 

The instructor's only feasible alternative to purchasing 
prepared samples is to build up his own series. To do 
this for large classes involves various problems, some of 
which are considered in the following discussion. 


++ + 


fers to judge the work of his students in terms of the 
average value reported by several of the best students 
rather than in terms of his own analysis. 

Perhaps of equal importance is the requirement of 
stability. Samples of changing composition are ob- 
viously worthless except at the time of analysis. Lun- 
dell’ emphasized this difficulty in the preservation of 
certain samples supplied by the Bureau of Standards. 
Instability and uncertainty in composition eliminate 
from consideration many substances, familiar exam- 


1 LUNDELL, Ind. Eng. Chem., Anal. Ed., 5, 221 (1933). 
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ples being bleaching powder, hydrogen peroxide, caus- 
tic soda, and similar commercial products. Every 
compound and mixture used must be carefully observed. 
The authors purchased two series of sulfate samples 
and one series of chloride samples which have proved 
to be quite unreliable. As another example, mixtures 
of carefully dried sodium carbonate and basic cupric 
carbonate were unstable when stored in clear glass 
bottles. Smith, Hardy, and Gard? studied the possi- 
bility of mechanical instability from segregation by 
vibration in samples containing substances of different 
specific gravities. 

From the standpoint of securing satisfactory checks 
in determinations it is also very important to have the 
sample homogeneous. Suitable homogeneity may us- 
ually be secured for ores and salts by grinding the sub- 
stances to pass a 100-mesh sieve and mixing in a ‘ball 
mill. 

In view of the labor involved in preparing mixtures 
it seems desirable to select for a given combination 
substances which will make the sample suitable fot de- 
termining more than one constituent. Thus, a mix- 
ture of ammonium chloride and calcium carbonate 
might be used for nitrogen, chlorine, calcium, and 
carbon dioxide. One should keep in mind, of course, 
the objective of the determination. If it is to deter- 
mine copper, for example, after separation of interfer- 
ing elements, then one must use something containing 
those elements, as an ore, rather than pure cupric oxide 
diluted with inert material. By proper selection of 
material one may accomplish other ends also. In the 
mixture of ammonium chloride and calcium carbonate 
mentioned above it is impossible for the lazy student 
to guess at the amount of carbon dioxide from a simple 
determination of the loss on ignition. 

In general, a series of samples should be as nearly as 
possible uniform in appearance to prevent determina- 
tions being made by comparison. In a collection of 
one hundred brasses this becomes a real problem. The 
difference between successive mixtures in making sixty 
to eighty dilutions of cupric oxide with flint are hardly 
perceptible, although the end samples differ widely. 
In this case the relative degree of paleness gives some 
indication of the amount of sample to use. In some 
cases one may intentionally make a series more nearly 
uniform, as in the use of a solution of caramelized sugar 
to color diluted commercial vinegars. This particular 
series may be extended far beyond the range of acidity 
of ordinary vinegars by using the caramel solution and 
acetic acid. 

Instructors do not agree about the difference in per- 
centage that is desirable between successive members 
of a series. The precision ordinarily attainable by the 
student is an important factor to consider. Where 
close checks are readily obtained in duplicate deter- 
minations the samples may be more closely spaced than 
in the reverse situation. Frost? suggested differences 
of 0.4 to 0.5 per cent. for samples such as chlorides and 

2 SmitH, Harpy, AND Garp, tbid., 1, 228 (1929). 

3 Frost, J. Cem. Epuc., 3, 562 (1926). 
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sulfates. To maintain this difference and at the same 
time to provide a large number of samples requires for 
dilution a stock material containing the desired con- 
stituent in an amount as high as possible. From this 
standpoint cupric oxide is much better than the ordi- 
nary copper ore. In hematite iron ores one cannot get 
higher than pure ferric oxide, containing about 70 per 
cent. iron. It is quite difficult to find suitable com- 
pounds containing certain elements in amounts suffi- 
cient to make the desired dilutions. 

Except for work in gas analysis, samples ordinarily 
will be either solids or solutions. From most stand- 
points it seems preferable to use solids for preparing 
samples unless there is no alternative. The authors 
are unacquainted, for example, with any solid vinegars. 


FACILITIES REQUIRED 


For the efficient preparation of large numbers of 
samples one should have several pieces of special equip- 
ment. An oven is necessary in some cases for drying 
the sample before it is ground. Some materials, such 
as rocks and coal, are so coarse they must be crushed 
first, as with a jaw crusher. For finer subdivision 
grinding is necessary, in machines such as roller mills 
or rotary pulverizers. Better yet, at least for some 
substances, are rod and ball mills, the former being 
particularly effective for hard materials such as granite. 
As it is generally desirable to bring salts and ores down 
to a size of at least 100 mesh, sieves should be available. 
Where weighed mixtures are to be made, one needs a 
reliable balance and weights for a kilogram or more. 

If one ventures upon the production of alloys, there 
should be available a furnace suitable for producing a 
homogeneous system of the melted constituent ele- 
ments. In this case one needs a drill press or other 
satisfactory means for taking samples. 


MATERIALS 


If the series consists of solutions one may have con- 
siderable choice of materials. The chief requirements 
are that the system shall be stable and contain the con- 
stituents to give the experience desired. 

For solids the situation vari¢és. Samples with high 
percentages of aluminum are practically unavailable, 
while a number of substances will serve for determining 
carbon dioxide. In general, one uses naturally occur- 
ring materials, such as rocks and ores, commercially 
prepared materials, such as steel and soda ash, or the 
more or less pure common chemicals, such as calcium 
carbonate and sodium chloride. 

The variety of commercial materials ‘is frequently 
unsatisfactory in having a spread in analysis too lim- 
ited for a good series. Mixtures may be made of cer- 
tain stocks having different compositions, such as lime- 
stone and dolomite; or high-grade stocks may be di- 
luted with inert material, such as iron ore with flint 
finely ground for ceramic work. By persistent in- 
quiry one may secure brasses with a reasonably good 
spread in composition. 
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Materials such as ores and salts must be capable of 
being both ground and mixed. Sometimes there is 
too great a difference in the specific gravities of the 
substances. Fluffy magnesium carbonate is trouble- 
some. Some substances will not grind unless well 
dried, and even then caking may be encountered when 
they become sufficiently fine. Putting the materials 
directly from the oven into the ball mill or warming 
the latter itself helps in some cases. Occasionally two 
materials that stick when mixed in certain proportions 
may be handled by the addition of some flint as a third 
substance. 

Workable mixtures are indicated in Table 1 for a 
number of determinations. Doubtless other equally 


TABLE 1 
MIXTURES FOR SAMPLES 
Mixture 


KHCsHiQs + NaCl 


Constituent Determined 


Acidity Solutions of HxSO, 
HC:H302 + caramel solution 
As As203 + K2SOs 
Paris green + NazCOs (NaCl) 
Ba BaCO; + KNOs 
Ba(NOs)2 + NazCOs 
C204 NazC20; + K2SOu 
Ca, CO: CaCO; + NazCOs 
Ca, Cl, COz CaCO: + NaCl (NHiCl) 
Cr K2CrO7 + KCl 
Cu CuO + flint (K2SO.) 
Fe Fe2O3 + flint 
K, Na KCl + NaCl + flint 


Marble or limestone + dolomite 
Limestone + Fe203, CaCOs, or silica 
Marble + Fe203, MgCOs, or silica 


Limestone (loss, SiOs, 
R203, CaO, MgO) 


Mg MgCOs + K2COs 

Mn MnO:z + KCI (K2SOx) 

Ni NiCOs + NaszCOs 

N* (NHa4)2SO4 + powdered sugar (and flint) 
Pb Pb(NO;)2 + KNOs 

PO KH2ePQ: + KCl 

Soda ash (Cl, CO:) NazCOs + NaCl 


SO. K2SO;, + NaCl 
* A new series not checked for stability. 


good combinations are possible. Data regarding their 
practical value tend to accumulate slowly since one is 
likely to use a satisfactory combination without fur- 
ther search. In making any series one would choose, 
if it is equally good, a compound of sodium rather than 
of potassium on account of the cost. Likewise, of two 
substances, the one that is stable under the greatest 
range of conditions would be selected. Thus, anhy- 
drous salts are preferable to hydrates, although rea- 
sonably good results have been obtained with mixtures 
containing ferrous ammonium sulfate, the samples be- 
ing used without drying. Potassium sulfate is prefer- 
able to ammonium sulfate, but certain samples contain- 
ing the latter salt have been used for several years. 
Stable rocks and ores may generally be diluted with 
some non-interfering or inert substance, such as po- 
tassium sulfate, sodium chloride, calcium carbonate, 
or flint. 


PROCEDURE 


The materials for preparing mixtures of solids having 
been decided upon, the separate substances, previously 
ground to 100 mesh, are weighed and mixed in a ball 
mill, the number of balls found to give the best results 
being used. 


If caking is encountered, only a few balls 
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should be used. Sometimes the use of glass jars (large 
screw-cap bottles serve) and marbles is of advantage 
both in enabling one to see how the mixing proceeds 
and in avoiding caking, presumably because the sur- 
face is smoother. Usually twenty minutes’ mixing at 
60 to 70 R.P.M. is sufficient. With the mixing proceed- 
ing satisfactorily, a triple ball mill with a different mix- 
ture in each jar keeps one individual reasonably busy 
screening, weighing, bottling, and operating the mill. 

The amount of materials to use depends chiefly upon 
the nature of the material and the amount of sample 
desired. A mixture of 400 to 800 grams is suitable for 
a ball mill ten inches high and nine inches in outside 
diameter, if the material is not too light. This provides 
a stock sample sufficient to last some time. 

Frequently, one has the alternative of mixing and 
analyzing each product or of analyzing the stock ma- 
terial and making careful dilutions of it. In the former 
case one may weigh less carefully, unless he later wishes 
to reproduce the mixture; but every mixture has to 
be analyzed. In the latter case careful handling of ma- 
terial is necessary. Although this method has been 
found reliable in a number of cases, in a new series 
several samples should be checked to determine the 
correctness of the calculated percentage in the diluted 
sample. 

The screw-cap bottles recently adopted by several 
chemical manufacturers are particularly suitable as 
containers for finely ground solids. Different sizes 
may be selected to suit one’s requirements. If solu- 
tions are used, glass-stoppered bottles are probably 
most useful. 

For preparing, storing, and handling samples an 
adequate sample room should be available, containing 
sufficient shelving, a work-table with sink and the 
necessary service lines, and a truck or small table on 
wheels. Special shelving is desirable for stock pieces 
of metals. 


DISPENSING SAMPLES 


Where several thousand individual samples have to 
be given out to students each year, one must consider 
how best to do it. Experience indicates the preferable 
method is to put into suitable containers during the 
summer enough samples to provide for some excess 
over the estimated requirements for the coming year. 
For solids such as limestone 16-ml. homeopathic vials 
with cork stoppers serve well. One company supplies 
such individual, bottled samples serially numbered. 
The drillings of certain metals and alloys are better 
handled in small envelopes, a practice followed in com- 
mercial laboratories. Solutions are probably most 
safely handled in test-tubes drawn out and sealed off, 
thus avoiding difficulties with cork or glass stoppers. 

It is desirable to have at least a semester’s supply of 
the individual samples in a case or cabinet conveniently 
located for distribution, with each drawer or compart- 
ment clearly labeled. 

While the stock samples kept in a locked room may 
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be labeled to suit the instructor’s inclinations, the in- 
dividual samples must be designated in such a manner 
as not to reveal anything to students, some of whom 
show their greatest originality when trying to work out 
the instructor’s system of samples. Although it in- 
volves more work than some ‘‘key’’ systems, in the 
authors’ experience the only fool-proof practice is to 
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give each sample a serial number. At the time this is 
done there is entered at the corresponding number in 
a record book the stock number of the sample. In 
checking an analysis one must first consult the book 
of serial numbers to determine the stock number. The 
latter, together with the analyses, are kept in a sepa- 
rate book. 





LANGMUIR AWARD 


THE American Chemical Society Award in Pure 
Chemistry was established in the spring of 1931 at the 
suggestion of Dr. Arthur C. Langmuir, who generously 
assumed the financial burden of the award for the first 
few years. Designed to encourage and recognize out- 
standing chemical research in pure science, the award 
is to be made at the fall meeting to a person preferably 
less than thirty years of age and of American univer- 
sity or college connection. The award is one thousand 
dollars. 
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PRESIDENT CHARLES L. REESE OF THE AMERICAN CHEMI- 
CAL SOCIETY PRESENTING THE LANGMUIR AWARD FOR 1934 
TO Dr. C. FREDERICK KOELSCH 


C. Frederick Koelsch is the 1934 recipient of the 
Langmuir Award for outstanding work in the field of 
organic chemistry. With Professor S. M. McElvain, 
he investigated the reaction between epichlorohydrin 


and various Grignard reagents, and studied the prepa- 
ration of thioglyceric acids. While he was still at 
the University of Wisconsin, he devised his method 
of identifying phenols using chloroacetic acid as a 
reagent to form the readily manipulated aryloxyacetic 
acids. This method is in wide use at the present time. 
Here, too, was initiated the first of a series of researches 
upon the chemistry of highly phenylated compounds 
with the study of the reactivity of the halogen in ben- 
zoyldiphenylmethyl bromide. 

While at the University of Illinois and as National 
Research Fellow in Chemistry at Harvard University, 
he prepared a new type of Grignard reagent, tripheny]- 
vinyl magnesium bromide, and investigated its “nor- 
mal” and “abnormal” reactions. This led to the study 
of the pentaarylallyl alcohols and the closely related 
tetraarylindenes, formed by ring closure. In this con- 
nection, he succeeded in synthesizing a molecule hav- 
ing two fused five-membered rings adjacent to each 
other on a benzene ring, 1-diphenylene-2-phenyl-3,4- 
phenyleneindene. This type of ring structure up to 
that time was considered to be incapable of existence. 
Geometrical isomers were isolated in the triarylvinyl 
halide series, due to asymmetry about the ethylene 
linkage. Cis and trans structures were assigned based 
on the products obtained by ring closure of the acids 
to diarylindones. 

C. Frederick Koelsch, and his students, continued 
this type of research at the University of Minnesota. 
Triphenylvinyl mercaptan was prepared and found to 
show all the reactions of mercaptan, as contrasted 
with the oxygen analog, diphenylacetophenone, which 
reacts as the ketone. This study in keto-enol isomer- 
ism is one bit of evidence indicating the reluctance of 
sulfur to form a double bond with carbon as oxygen 
readily does. The polymerizability of thioketones 
and their general reactivity and high color also show 
this. An improved method of identifying the acyl 
group in esters as the acid toluidides was devised. 
Later Koelsch synthesized 2,3-benzofluorene, and 
studied the products obtained by dehydration of tetra- 
arylallyl alcohols, and the action of sodium upon 
phenylphenanthrene ether. These studies, as in the 
case of his earlier ones, tend to define and make clear 
the theoretical basis of organic chemistry.—Isoiopics 
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KEEPING UP WITH CHEMISTRY 


The petroleum industry in 1933. R.Kuisstinc. Chem.-Zig., 
58, 589-91 (July 21, 1934).—A review accompanied by 80 refer- 
ences. | Op 

Designation of valence in inorganic chemistry. A. Stock. 
Z. ang. Chem., 34, 568 (Aug. 4, 1934).—The author recommends 
designating the valence of metals in inorganic compounds by the 
use of Roman numerals; e. g., Eisen II-chlorid for ferrous chlo- 
ride. L. S. 

Chemical engineering in the movies. A. B. Lainc. Chem. 
& Met. Eng., 41, 474-5 (Sept., 1934).—The movie industry has 
adopted the highest class of technical equipment in its chemical 
operations. A continuous developing machine develops, rinses, 
fixes, washes, cleans, and dries film at the rate of 120 ft. per min- 
ute. All chemicals are stored in dust-proof bins of the most 
suitable construction. Rinsing water is softened and filtered 
before use. Neon tubes are used for lighting, and dust-free air, 
of proper temperature and humidity, is used for drying. Salvage 
of silver from old hypo solutions has become a highly profitable 
undertaking, in many cases paying for all chemicals used. 

J. W. H. 

New developments in pulp and paper. EpiTorraAL Starr RE- 
PORT. Chem. & Met. Eng., 41, 461 (Sept., 1934).—Zinc sulfide 
pigments, as fillers, have been shown to be advantageously 
adapted to use in paper and boards made with less expensive 
fibers and are not confined to use in the fine paper field. 

Cubical-type motor control units are worthy of consideration 
for new mill projects and rehabilitation of existing units. 

Technical design and operation of towers for absorbing sulfur 
dioxide gas had been perfected to the degree of standardization. 

Recent years have witnessed many improvements in the ma- 
chinery and processes used in the pulp and paper industry. 


J. W. H. 

Cellulose acetate. Anon. Ind. Bull. of Arthur D. Little, 
Inc., 93, 3 (Sept., 1934).—The cellulose industry provides a good 
example of what technical and market development can do with 
a promising material under adverse conditions. Its production 
and sales are continuing on the upward trend with 1933 more than 
doubling the production and sales of 1932. Chief cellulose ace- 
tate products are rayon, sheets for safety glass, photographic 
films, transparent wrapping material, and plastics. Rayon is by 
far the most important. Acetate rayon, such as Celanese, con- 
sists of fibers of cellulose acetate with low moisture absorption 
which prevents shrinking and swelling. Acetate lends itself 


particularly well to the spinning of fine filaments so much in de- 
mand at present. Increase in the use of cellulose acetate sheet- 
ing as the plastic filler in safety glass has been spectacular. Since 
1932 acetate has all but entirely displaced pyroxylin due to the 
fact that its previous technical handicaps have been remedied; 
t. e., poor adhesion to glass and brittleness in cold saa 


, OO: 
The silver standard. Anon. Ind. Bull. of Arthur D. Little, 
Inc., 93, 1-2 (Sept., 1934).—A description of the Katadyn 
process for silver sterilization containing essentially the same in- 
formation as the article abstracted on p. 631 of the November, 
1934, JOURNAL. G. O. 
A German sidelight. Anon. Ind. Bull. of Arthur D. Little, 
Inc., 92, 4 (Aug., 1984).—The German rayon-yarn manufacturers 
are prospering as a result of Germany’s foreign exchange diffi- 
culties because the German Government is stimulating the use 
of rayon made in Germany from German chemicals and German 
wood pulp, to replace cotton, wool, and raw silk, all of which are 
imported. Delustered rayon yarns and yarns of the spun-rayon 
type are replacing to a certain degree the woolen and worsted 
dress goods formerly sold in large quantities in Germany. Raw 
silk has been replaced in full-fashioned hosiery, and rayon and 
spun-rayon fibers are being used in whole or in part for men’s 
suits and overcoats. G. O. 
What and where are the process industries of the south? 
R.S.McBrwe. Chem. & Met. Eng., 41, 416-23 (Aug., 1934).— 
Process industry in the area south of the Potomac and Ohio 
Rivers is complicated and diversified, as may be expected in a 
great and varied territory including nearly 30% of the population 
of the United States. This article, with the aid of maps, dis- 
cusses fertilizers, sulfuric acid, minerals, chemicals, explosives, 
by-product coke, natural gasoline, petroleum refining, forest 
products, and glass products. ~ W.-H. 
Economic and technical factors in chemical plant location. 
J. H. Perry anp C. W. Cuno. Chem. & Met. Eng., 41, 434-42 
(Aug., 1934).—This topic is discussed under three heads: (1) 
factors of production, which includes raw materials, semi-finished 
products, labor, water, power, fuel; (2) factors of distribution, 
which includes transportation facilities, freight rates, markets, 
competitive feeder and consumer industries; (3) production and 
distribution factors, which includes climate, taxes, corporation 
fees, and municipal restrictions. A new bibliography of plant 
location is given. J. W. H. 


HISTORICAL AND BIOGRAPHICAL 


The discoverer of the Kipp gas generator. H. RHEINBOLDT. 
Z. phys. chem. Unterricht., 47, 162-3 (July-Aug., 1934)—A 
biography of Petrus Jacobus Kipp (born March 5, 1808, died 
February 3,.1864), accompanied by a portrait of the inventor and 
a picture of the original apparatus. (oa: 8 

Mendelejeff centenary. E. SwatLowsky. Chem. & Met. 
Eng., 41, 468-9 (Sept., 1934).—Convening in Leningrad in 
September of this year, the Seventh Mendelejeff Congress on 
Chemistry takes on particular significance in view of the fact that 
this year marks the hundredth anniversary of the birth of this 
greatest of all Russian scientists. The Congress will be inter- 
national in character. Plans have been made for the erection of a 
monument on the square between the University and Academy 
of Sciences in Leningrad. Publication of Mendelejeff’s selected 
works has been undertaken, ten volumes of 400-500 pages being 
scheduled for appearance. 


Mendelejeff states himself that much painstaking labor, great 
patience, and minute attention to detail were required in all of 
his investigations. He says, ‘To four subjects I owe my name: 
the periodic classification of the elements, the investigation of the 
expansion of gases, the conception of solutions as associations, 
and my ‘Principles of Chemistry.’ Here is all my wealth.” He 
said of his ‘Principles of Chemistry,’ “This book is my favorite 
child. It bears my image, my experience as a teacher, and my 
innermost thoughts.”” He was much pleased that it was trans- 
lated into English, German, and French. 

From the study of theoretical problems he proceeded to the 
question of applied chemistry and physics and then to industrial 
and technical problems; a number of the questions which at- 
tracted Mendelejeff are foremost in the thoughts of Soviet scien- 
tists at the present time. 7. Wor 
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RECENT BOOKS 


THE ELECTRONIC STRUCTURE AND PROPERTIES OF MATTER. 
C. H. Douglas Clark, University of Leeds. Volume I. John 
Wiley & Sons, Inc., New York City, 1934. xxv + 374 pp. 
33 Figs. 14 X 23.5cm. $5.50. 


A- is stated in the title and is further emphasized in the preface, 
the work is intended as a general introduction to the whole sub- 
ject of “the properties of matter in terms of electronic constitu- 
tion.”” The present volume consists of a ‘‘General Introduction” 
(Part I) and a discussion of physical properties as related to 
molecular constitution (Part II). The topics dealt with in Part 
I include the following: the periodic classification of the elements 
and theories of atomic structure, electron configurations of atoms 
and quantum numbers, line spectra, the transitional and rare 
earth elements, and valency. In Part II the topics discussed 
are as follows: melting and boiling points, atomic and molecular 
volumes, atomic and ionic radii, electrical conductivity, magnetic 
susceptibility, atomic magnetic moments, cohesional properties, 
and the third law of thermodynamics. 

While the discussion of each topic is necessarily brief, it touches 
adequately upon the most important aspects and gives a great 
deal of detailed information. The value of the presentation is 
increased by the extensive bibliography which accompanies each 
chapter and in which the title of each paper is given, as well as the 
reference. Furthermore, reviews or summaries are mentioned 
in preference to papers dealing with specific details. 

Undoubtedly, the work should serve as an excellent summary 
of recent advances in different fields of atomic physics and chem- 
istry. 

The only criticism that the reviewer would offer is to the effect 
that the author has not been sufficiently critical in presenting 
different theories and points of view. However, this is to be 
regarded as a minor criticism. There are few misprints and the 
printing and binding are very satisfactory. 

S. DusHMAN 


RESEARCH LABORATORIES 
GENERAL Evectric COMPANY 
ScHENEcTapy, N. 


THE DIFFRACTION OF X-RAYS AND ELECTRONS BY AMORPHOUS 
Sotips, Liguips, AND Gases. J. T. Randall, M.Sc., a mem- 
ber of the staff of the Research Laboratories of the General 
Electric Company, Ltd., Wembley, England. John Wiley & 
Sons, Inc., New York City, 1934. xii + 290 pp. 197 Figs. 
14 X 22cm. $5.75. 


This volume brings together results of the experimental and 
theoretical work which has been done on the application of X- 
ray and electron diffraction methods to the study of the physical 
and chemical properties of matter of non-crystalline or only semi- 
crystalline form. In spite of the newness of many aspects of this 
field a surprisingly large amount of work has been done, and the 
present volume supplies a much needed summary of the subject. 

The following are some of the topics which are included. The 
subject is introduced by a brief chapter on X-ray crystal analysis. 
The distinction between crystalline and amorphous solids leads 
to a discussion of the relation between the width of the powder 
diagram lines and the sizes of the microscopic crystals of which 
many apparently amorphous solids are made up. The theoreti- 
cal and experimental investigations on the scattering of X-rays 
by monatomic gases as a means of determining atomic structure 
factors and the distribution of the electrons within the atoms is 
briefly discussed. From this subject the discussion naturally 
leads to the scattering of X-rays by polyatomic gases with its 
application to the determination of the spacing and the distribu- 
tion of the atoms within the molecule. The corresponding 
theory for the scattering of the electrons by gases is worked out 
and the experimental results for this case are compared with 
those obtained with X-rays. The relative advantages and dis- 


advantages of these two methods of studying structure are men- 
tioned wherever corresponding experiments have been carried 
out. The chapter on the scattering of X-rays by liquids is rather 
completely taken up from the point of view of the present status 
of the theory and the information which it gives about the mole- 
cules in the liquid state. The information which experiments in 
this field give regarding the arrangement of the atoms in the 
molecules of organic compounds is discussed. A chapter is de- 
voted to the application of diffraction experiments to the deter- 
mination of the structures of various amorphous solids, of which 
glass is an outstanding example. Such problems as the deter- 
mination of the alignment of the fibers in various forms of organic 
fibers such as silk, wool, and cellulose are also considered: A 
chapter is devoted to investigations of surface films, e. g.,; those 
due to corrosion and adsorption, in which case the electron dif- 
fraction is found to be most useful. Other problems to which 
electron and X-ray diffraction experiments may be profitably 
applied are pointed out. AS 

One sees from this outline that many subjects have been 
treated and this has necessitated briefer disctissions of some 
of the topics than might have been desired. Necessarily a 
rather small amount of space has been given to the matter of ex- 
perimental technic. Anyone interested, however, in goitig more 
deeply into any phase of the subject is furnished with a good 
bibliography at the end of each chapter. The book is well illus- 
trated, having about seventy reproductions of X-ray and elec- 
tron diffraction photographs. An appendix contains tables of 
atomic structure factors, atomic and ionic radii, and values of 
sin x/x to four places for x equals 0 to 100. : 

For the chemist who is interested in the application of X-ray 
and electron diffraction methods to problems of structure, the 
book furnishes a good summary of the experimental and theoreti- 
cal work which has been done and it also gives an idea of the pos- 
sibilities and the limitations which this method offers. 

E. O. WoLLAN 


WASHINGTON UNIVERSITY 
Sr. Louris, Missourtr 


EXPERIMENTS AND PROBLEMS FOR COLLEGE CHEMISTRY. J. E. 
Belcher and J. C. Colbert, assistant Professors of Chemistry, 
University of Oklahoma. Second edition. D. Appleton- 
Century Company, New York City, 1934. x +195 pp. 18 
line drawings. 28 X 21 cm., bound in heavy waterproof 
paper. $1.50. 


This is a laboratory manual of thirty-six units of experimental 
work, plus fourteen units of exercises in chemical arithmetic, 
two tables, an apparatus list, and a comprehensive chart showing 
exactly the amounts of various chemicals needed for the experi- 
mental work. The manual is designed for use with the Smith- 
Kendall texts, but may easily be used with almost any of the 
standard college texts in general chemistry. 

In the write-up of each experiment a definite form is followed. 
References to Smith’s ‘“‘College Chemistry” and to Smith’s “‘In- 
troductory College Chemistry” are followed by a clear statement 
of the objects of the experimental work and a list of all apparatus 
and chemicals needed. After a general discussion of the prin- 
ciples upon which the experimental work is based, directions are 
given for a series of experiments relating to the particular unit. 
Wherever needed, a diagram showing the set-up of apparatus is 
given. 

Throughout the discussions an attempt is made to induce the 
student to think in terms of the chemical! principles involved. 
A number of questions are asked and at each point an attempt is 
made to induce the student to deliberate and apply previous 
knowledge, refer to the textbook, and consider other information, 
in an attempt to understand fully the principles involved. Ac- 
companying the directions for each unit of experimental work 
are duplicate sheets with blanks on which the student may enter 
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the data obtained in the course of his laboratory experimentation. 
In some cases, a series of questions is given and the student is 
expected, as a result of his experimental work, to be able to enter 
the answers. When questions are given, the answers required 
are such as to demand thoughtful deliberation on the part of the 
student. Rarely is there a chance to guess, and the general style 
of the write-up is one which shows a careful attempt to reduce 
greatly the amount of writing required of the student so that he 
will have more time to experiment and to think. The manual 
is in no sense an attempt to relieve the student of work. On the 
other hand, it is very definitely a manual which attempts to in- 
crease the actual amount of careful deliberative work which can 
be demanded of the student. 

Following the experimental work of each unit is a short list of 
questions and problems which relate to the experimental work, 
the problems, and the exercises. These are intended to assist the 
student in applying to new situations the general principles which 
have been brought out in the course of the experimental work, 

The second edition of this manual is a distinct improvement 
over the first edition and the authors have made a real contribu- 
tion to laboratory teaching. Two methods of using the manual 
are described in the preface. If the first method is used, a carbon 
copy of the data and answers to questions is handed to the in- 
structor at the end of the laboratory period. This method is not 
as favorably recommended by the authors as is the second. In 
using the second method, the student enters all data from each 
experiment and answers to questions in the proper place on the 
record sheets, but makes no carbon copy. Instead, the dupli- 
cate sheets are removed and at the end of the laboratory period 
and with no data at hand, students are required to answer all 
questions according to their understanding of the results ob- 
tained from the experimental work. 

Undoubtedly, many teachers will find in this manual something 
which they have long sought, the means by which a good strong 
laboratory course may be systematically carried out with an ac- 
tual reduction in the labor required of the teacher. 

This manual is to be highly recommended. Every college 
teacher of general chemistry should have a copy. 

J. O. FRANK 


State TEACHERS’ COLLEGE 
OSHKOSH, WISCONSIN 


ANNUAL REVIEW OF BIOCHEMISTRY, VOLUME III. James 
Murray Luck, Stanford University, Editor. Edition of 1934. 
Stanford University Press, Stanford University, California, 
1934. viii + 558 pp. 22 X 15cm. $65.00. 


This is the third volume of a series of Annual Reviews of Bio- 
chemistry edited under the auspices of an advisory committee— 
J. M. Luck, C. L. Alsberg, D. R. Hoagland, and C. L. A. Schmidt. 
It would be impossible to cover all the literature dealing with the 
subject matter of the growing field of biochemistry in a book of 
its size; consequently, the contributors have necessarily been 
limited to the citation of only the most important contributions 
in their respective fields of work. The various topics reviewed 
in this volume and the respective authors are as follows: (1) 
Water in Its Biochemical Relation, by R. A. Gortner; Biological 
Oxidations and Reductions, by A. Bertho; Enzymes, by E. 
Waldschmidt-Leitz; The Chemistry of the Acyclic Constituents 
of Natural Fats and Oils, by R. J. Anderson; The Chemistry of 
the Lipins, I, by Smedley-MacLean; The Chemistry of the 
Sterols, Bile Acids, and Other Cyclic Constituents of Natural 
Fats and Oils, by O. Rosenheim and H. King; The Chemistry of 
the Amino Acids and the Proteins, by W. Pauli; The Chemistry 
and Metabolism of the Compounds of Phosphorus, by H. D. Kay; 
Carbohydrate Metabolism, by C. F. Cori and G. T. Cori; Fat 
Metabolism, by W. R. Bloor; The Metabolism of Proteins and 
Amino Acids, by Y. Kotake; Mineral Metabolism—Sodium, 


Potassium, and Chlorine, by A. T. Shohl; The Hormones, by 
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D. L. Thomson and J. B. Collip; Vitamins, by L. J. Harris; Nu- 
trition, by S. Brady; Liver and Bile, by J. L. Bollman and F. C. 
Mann; The Metabolism of Brain and Nerve, by E. G. Holmes; 
The Biochemistry of Malignant Tissue, by E. Boyland; The 
Structural Chemistry of the Animal Pigments, by H. Fischer and 
H. Orth; Animal Pigments, by A. E. Mirsky and M. L. Anson; 
Biochemical and Nutritional Studies in the Field of Dentistry, by 
M. Koehne and R. W. Bunting; The Terpenes, Saponines, and 
Closely Related Compounds, by L. Ruzicka; The Biochemistry 
of the Nitrogenous Constituents of the Green Plants, by H. B. 
Vickery; Mineral Nutrition of Plants, by H. Lundegardh; Metabo- 
lism of Carbohydrates and Organic Acids in Plants (Exclusive 
of Bacteria and Fungi), by W. Ruhland and J. Wolf; The Chem- 
istry of Bacteria, by M. Stephenson. 

All chemists and biochemists are deeply obligated to the ser- 
vices of these contributors for the completeness and clearness of 
their respective reviews. The book reflects a generous spirit 
of coéperation, and will be welcomed by every progressive teacher 
and researcher in chemistry. From an educational point of view, 
the book is of the greatest value for graduate students and ad- 
vanced workers in biochemistry. One of the best features of the 
book is the extensive collection of literature citations. 

T. B. JoHNSON 


YALE UNIVERSITY 
New Haven, CONNECTICUT 


THE NATURAL ORGANIC TANNINS. M. Nierenstein, D.Sc., Uni- 
versity of Bristol. First edition. J.& A. Churchill, Ltd., Lon- 
don, 1934. xxiii + 319pp. 14 X 22cm. 2ls. 


This book provides a very interesting review of the various in- 
vestigations in the field of those rather vaguely defined materials 
known as tannins. The author has done a great deal of work on . 
the subject, and does not always agree with the conclusions drawn 
by other notable workers in this field. The tannins are described 
as materials which are generally amorphous and astringent, and 
are widely distributed throughout the vegetable kingdom. The 
author divides the tannins into three groups: condensed, hy- 
drolyzed, and unclassified. In testing for the presence of tannin, 
the author prefers the gold-beaters’ skin method to the other 
commonly known methods which use as reagents iron salts, gela- 
tin, alkaloids, and bichromate. A considerable amount of space 
is devoted to Freudenberg’s work on condensed tannins and the 
relation of the author’s own findings to this work. Considerable 
space is also given to the Catechu-tannins and other condensed 
tannins. 

The author divides the group of hydrolyzable tannins into the 
following sub-groups: gallotannin; acer-tannin, glucogallin, and 
hamameli tannin; ellagitannins; caffetannins and paullinia tan- 
nin. An historical review is given of the work on gallotannin. 
Fischer’s work on this material is criticized and the author pre- 
sents a very large amount of his own work in support of his criti- 
cism. In this group the ellagitannins are also treated in detail. 
In the unclassified group, the oak and sumac tannins are consid- 
ered as the most important. 

The book contains a very interesting chapter written by Mc- 
Gregor Skene on the botany of the tannins. He deals not only 
with the distribution of the tannins throughout the vegetable 
kingdom but also with the parts of the cells in which the tannins 
are found, and the part they play in metabolism, in photosyn- 
thesis, and in protection against parasites. 

The book contains a rather complete bibliography that should 
prove very helpful to all students in the field of the tannins, and 
also a great many interesting footnotes. Even though a reader 
may not agree fully with all of the conclusions drawn, he will find 
the book very valuable and stimulating. 

Joun ARTHUR WILSON 


Joun ARTHUR WILSON, INC. 
CONSULTING TANNERS AND CHEMISTS 
MILWAUKEE, WISCONSIN 











NOTICE fo AUTHORS of PAPERS 


1. Forwarding Address. Papers intended for publication in 
the JoURNAL OF CHEMICAL EpuCATION should be submitted to 
Otto Rer1nmuTH, Editor, Kent Chemical Laboratory, The Uni- 
versity of Chicago, Chicago, Illinois. 


2. Manuscript. The manuscript submitted should not have 
been published elsewhere and should be an original (not a carbon) 
copy, typewritten, double-spaced, with 2-3 cm. margins. The 
title of the article should be followed by the name and business 
or institutional address of the author. If the paper has been 
presented at a meeting, a footnote giving name of society, date, 
and occasion should immediately follow the author’s name. 
Each manuscript should be accompanied by an abstract of not 
more than 125 words outlining the scope of the article. The 
usual editorial customs, as exemplified in the most recent issues 
of the JouRNAL, should be followed as closely as possible. 

Galley proof of each article will be submitted to the author. 
This proof should be carefully corrected and returned promptly 
to the Editor’s Office. Page proof will not be submitted. 


3. References and Footnotes. In historical and biographical 
articles and in papers containing only two or three literature 
references it is desirable that the references be handled as foot- 
notes. Such references should be designated by superior num- 
bers and the reference itself should be placed in the body of the 
text immediately following the citation and set off by rules. 


In articles of the scientific review type each reference to the 
literature should be designated by a number, in italics (indicated 
in a typescript by a single underline) and enclosed in parentheses, 
corresponding in size with the body of the text and set in the line 
of reading matter. All the references are to be assembled, ar- 
ranged numerically, and placed at the end of the article under the 
heading, Literature Cited. The numbers in parentheses are to 
be placed flush with the margin and if the reference exceeds one 
line, the succeeding line or lines should be indented. The lists of 
references should be typed, double-spaced. 


When specific citations of previous literature are not made, 
but when it seems desirable to append a general bibliography, 
it is preferable that arrangement be made alphabetically on the 
basis of authors’ or senior authors’ names. 


A reference to a periodical should include, in the order named: 
(1) author’s name with initials, (2) title of article with first word 
only, or in the case of a German title first word and nouns, 
capitalized (enclosed in quotation marks), (3) name of periodical 
{use the standard abbreviations designated in (a) the ‘‘List of 
Periodicals Abstracted by the JouRNAL oF CHEMICAL Epuca- 
TION” appearing on pages 957-70 of the April, 1930, JouRNAL 
OF CHEMICAL EpucaTION or (b) the “List of Periodicals Ab- 
stracted by Chemical Abstracts’’], (4) volume number, (5) pages 
(give exact page number at which the point cited is to be found 
or, if the entire article is the reference, give the page numbers 
inclusive), (6) date of publication (include month as well as year). 


Example: 

(1) Kraus, C. A. AND Brown, C. L., “Studies relating to organic 
germanium derivatives. III. Diphenyl germanium di- 
halides and diphenyl germanium imine,’ J. Am. Chem. 
Soc., 52, 3690-6 (Sept., 1930). 


A reference to a book should include, in the order named: (1) 
author’s name with initials, (2) title of book (enclosed in quota- 
tion marks), (3) edition, if more than one, (4) name of publisher, 
(5) address of publisher, (6) date of publication, (7) volume 
number, (8) pages (give exact page number at which the point 
cited is to be found or, if entire book is reference, give the total 
number of pages in it). ‘ 


Example: 
(1) CoueEn, J. B., “Organic chemistry for advanced students,” 
5th ed., Longmans, Green & Co., New York City, 1928, 
Part I, 427 pp. 


References to explanatory notes such as (1) occasion on which 
paper was delivered, (2) acknowledgments, (3) definitions of 
obscure or unfamiliar terms, (4) changes in address, etc., are to 
be designated in the text of the article by superior symbols 
(asterisk, dagger, double dagger, and double asterisk in order 
named). Such a footnote should be inserted as a separate line 
(or lines) immediately following the word to which it refers in 
the text and should be separated from the text by ruled lines. 

4. Illustrations. Not all articles lend themselves to illustra- 
tion, but articles which do should be accompanied by as many 
pertinent illustrations as possible. The best possible selection 
of illustrations available will be made by the editorial staff. 
As arule, apparatus, particularly if complicated, is best presented 
by means of line or working drawings. Photographs are some- 
times sufficient, however. When both can be obtained, it is 
generally desirable to include both with the manuscript. 

Photographs should have a gloss finish and should be at least 
post-card size—larger, if possible. Only prints which are un- 
blurred and which show sharp contrast between light and dark 
areas can be satisfactorily reproduced. Authors should exercise 
scrupulous care in crediting photographs which require credit. 

Line drawings should be carefully prepared in black India ink 
on plain white drawing paper, blue tracing cloth, or blue-lined 
coérdinate paper twice or three times the size desired in the 
printed cut; it is convenient, when permitted by the scale re- 
quired, to have them the size of the manuscript. 

For graphs coordinate paper should be printed in blue only, 
with the important coérdinate lines ruled over in black; the black- 
ruled square should in general not be less than ten millimeters 
on a side; the lines of the curves should be the heaviest, except 
the frame; points on the curves should be indicated by true 
circles, not crosses. All lines, legends, numbers, and letters 
which cannot be set in type at the margin of the cut but must 
constitute a portion of the cut itself are to be so proportioned 
that they will be clearly legible in the cut. The numbering of the 
coérdinate axes, the number of the figure, and any necessary 
explanations of the figure should be written in pencil in the 
margin of the sheet, as they are usually set up in type rather than 
reproduced from the drawing. 

Tables should be inserted in the body of the manuscript at the 
proper place. 

All photographs, line drawings, and tables should be provided 
with self-explanatory titles or legends. Each illustration should 
be marked in pencil on the margin with the name of the author 
and the title of the article to which it refers. 

Authors are invited to examine the series of articles by E. M. 
Hoshall entitled ‘‘Chemical drawing” [‘‘I. Fundamentals of 
chemical drawing,” J. CHEM. Epug, 11, 21-3; “II. Conven- 
tional representation of materials and equipment,” zbid., 11, 
23-7 (Jan., 1934); “III. Arrangement of drawings,” ibid., 11, 
154-8 (March, 1934); “IV. Charts, graphs, and diagrams,” 
tbid., 11, 235-41 (Apr., 1934); “V. Photographs,” ibid., 11, 
546-50 (Oct., 1934) ]. 

5. Reprints and Complimentary Copies of the Journal. The 
JouRNAL will furnish free of charge to authors up to twenty-five 
copies of the issues in which their articles appear, provided the 
order is entered on the reprint order slip which accompanies the 
galley proof, and is returned promptly with the corrected proof to 
the Editor’s Office. The complimentary copies to which an 
author is entitled will be mailed postpaid to individual addresses 
supplied by the author or will be sent in bulk direct to the author, 
as preferred. 

A reprint price list is printed on the reverse side of the order 
slip which accompanies galley proofs. Special rates for reprints 
in 6” X 9” page-size may be had upon application to the Business 
Manager, Mack Printing Co., 20th & Northampton Sts., Easton, 
Pa. 

In general, reprints are received by an author about thirty days 
after the publication of the JouRNAL containing his article. 
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TRADE ANNOUNCEMENTS 


New Metal-to-Glass Seal 


A new metal-to-glass seal has been developed by the Research 
Laboratory of the General Electric Company which, because of the 
certainty with which tight and reliable joints can be made be- 
tween glass and the alloy called Fernico, has opened up many 
possibilities in the development of various classes of vacuum 
tubes and other devices wherein leading-in wires or conducting 
parts must pass through gas-tight insulating seals or themselves 
form part of a gas-tight chamber. 

Fernico can be machined, forged, punched, drawn, stamped, 
soldered, copper-brazed, and welded with a facility equal to that 
with which these operations can be performed on a high-grade 
nickel-iron. 

The physical characteris- 
tic of Fernico which makes 
possible its successful fusion 
with glass, is its expansion 
curve, which coincides al- 
most exactly with that of 
certain glasses. For this 
reason, no stresses are set 
up in either the glass or the 
alloy when cooling from the 
fusion temperature. This 
lack of initial internal 
stresses in the completed 
glass-Fernico seal makes the 
seal permanently tight and 
unusually sturdy. Further- 
more, no more care in cooling the combination is necessary t* 
in dealing with glass alone. 

















Charts and Bulletins for Educational Purposes 


The Customer Research Staff of General Motors Corporation, 
Detroit, directed by Henry G. Weaver announces the availability 
for educational purposes of a list of eighteen charts and pam- 
phlets. Those most likely to be useful to teachers of chemistry 
are charts No. 2 and No. 6 entitled respectively, ‘‘From all fields 
of science,” and ‘4-Cycle engine works like a cannon.” Teach- 
ers are invited to submit their names for addition to the mailing 
list to receive future publications, indicating the subjects in which 
they are most interested. 


All-Metal Vacuum Switch 


_ A new small vacuum switch, made almost entirely of steel and 
designed to take advantage of the absence of an arc when break- 
ing a circuit in a high vacuum, has been announced by the General 
Electric Company. Although this new vacuum switch is only 
about */, of an inch in diameter and 11/, inches long, and can be 
operated by a fraction of an ounce of pressure, it is capable of in- 
terrupting as much as five horsepower as fast as thirty times a 
second. Designated as the Type FA-6 vacuum switch, this new 
device is rated at 10 amperes, 250 volts p.c. or 440 volts a.c.—or 
5 amperes at 500 volts p.c. 


Fixanal Preparations 


An illustrated folder describing the use of Fixanal preparations 
and a price list of preparations available may be obtained from 
Pfaltz & Bauer, Inc., 300 Pearl Street, New York City. 


Bausch & Lomb Bulletin 


As the result of many inquiries, Bausch & Lomb Oftical Co., 
Rochester, New York, has prepared suggested plans for two pho- 
tomicrographic dark rooms. One of these plans calls for the 
smallest usable space 6’ X 6’, for which any small room or closet, 
or even the corner of a room, may serve the purpose. The other 
plan is for an average-size dark room, 9’ X 12’. 

These layouts show the suggested arrangement of sink, safe- 
light, shelves for chemicals, plates, films, paper, table, print- 
washer and drain-boards. Estimated costs for carpentry, paint- 
ing, plumbing, electrical wiring, and materials are stated. 

The plans are printed on one side of a heavy cardboard poster, 
91/2” X 13”, on the other side of which the rules for using the 
dark room are printed, with a bold caption, ‘‘“Knock Before 
Entering.’’ Copies may be obtained on request. 


Leitz Large Micro-Metallograph “MM-1” 


Catalog No. 52B 1 of E. Leitz, Inc., is an interesting publication 
containing numerous photomicrographs and dwelling on the 
latest developments in metallographic equipment. Special at- 
tention is invited to the arrangement for dark-field illumination 
by means of which detrimental reflection is avoided even in the 
most difficult cases. A further innovation is the arrangement by 
which the metallographic microscope serves as a fully equipped 
polarizing instrument for examining metal specimens, etc. 


Amateur Micro-Projector 


“Micro movies” is the term used by some amateur micro- 
scopists to describe the projection of living specimens on a screen. 
The introduction by Bausch & Lomb of a new Micro Projector 
to accomplish this purpose at less than half the price of the 
professional type follows a need expressed in numerous inquiries. 





The screen is between the projector and the audience, allowing 
the operator to face his guests while describing the specimen. 
The projector operates on 110 volt, A.c. current only. It may be 
used with any microscope. 

By clipping a mounted mirror to the eyepiece tube of the 
microscope the image is thrown down on paper or notebook where 
it may be rapidly and accurately traced. 
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ANNUAL INDEX—JOURNAL OF 
CHEMICAL EDUCATION 


Volume 11, 1934 


The annual index for Volume 11 of the JouRNAL oF CHEMICAL EpucaTION is divided into two parts—an 
Author Index and a Subject Index, each alphabetically arranged. Letters (Ar), (Ab), (B), (C), (E), (F), and 
(P) have been used after the various items to designate, respectively: article, abstract, book review. correspond- 


ence, editorial, frontispiece, and portrait or picture. 


in italics. 


ADAMS, F. W. Chemistry in the pulp 
and paper industry (Ab).. 

Apams, J. Praise as an educational instru- 
ment (Ab). 

ADAMS, W.AH., jr. “Phenol resin equipment 
in ‘chemical industries (Ab). 

Avsin, T.C. Comparison of methanol and 
other anti-freeze agents (Ab) 

ARCHIBALD, ys he evolution of nutri- 


, Uses of food. “A classic 
of science’”’ (Al 

AUERBACH, L. in oa KAMMIN. Geissler 
tube of simple construction (Ar)...... 

Austin, R. G. Aids to ne in- 
organic analysis (B)...........+- 


G. B. Special exercises for 
in general chemistry. III 


BACHMAN, 
students 

Baper, W. Die Technik der chemischen 
Operationen (B).. 

BAHRDT, W. Molecular-weight ‘determina- 
tions in schools (Ab) 

Bamzy, G. S.—See Kunz, A. H 

Baker, R. A.—Lyman C. Newell (B) pews 

BALDWIN, W. E.—See Lowy, A 

BANcRoFT, W. D. Chemical potential and 
alkalinity (Ar).. 

BarRIL, O. i & simple sapneetes for ‘pre- 
vag aldehydes (C) ATL 

Bartow, G. J.—See FRANK, E 0. 

BARNEs, "HH. Browne’s “Hydriota hia’ 
with a reference to adipocez e (Ab). 

“The apparatus, preparations and meth- 

ods of ancient Chinese alchemists,” by 
VY. Y. Ts‘ao (Ar). 

BarRRETT, W. H. Some recent advances in 
chemistry (Ab).. EERE Fie 

Barta, L.—See Nacy. Vv. ‘. 

BaTEMAN, G. M. Trends in science teach- 
ing (Ar).. 

BawpeENn, A. Tt. The "conference plan of 
teaching general chemistry (Ar)....... 

BAXTER, - We comparison of some 

physical and chemical atomic weights 

Bevcuer, J. E. AND J. C. CoLsBert. 
periments and problems for college 
CHAIRED. CN 6 ox.c:b:s Gavecscnchevesns 

Bercius, F. The utilization of wood for 
the production of eraenveied alcohol, 
and glucose (Ab).. 

BERNHAUER, K. Finfiihrung | in die or- 
ganisch-chemische Laboratoriumstech- 


nik Rive 
BERNIER, C. bos ‘Counterpoising “watch 
GIGSUOS: CRE. cia iics coos rede eese 


BERTRAND, G. Pasteur at Lille (Ar)...... 

BIGELow, K. W.—See Core, A. H. 

BILuinceR, R. D. Dnecrtenecesglll anemia 
Ar).. 


Quantitative experiments in elementary 
chemistry. III. The law of re 
proportions (Ar).. : 

BircHER, L. J.—See Lyon, Be aE, 
BLACK, P.T. Ani inexpensive efficient relay 


BLANK, E. Ww. ny novel weighing procedure 


(Ar) 
Area determination “of non- planar ‘sur- 
faces (Ar). 
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New borax-bead technic (Ar).. 
The micro-detection of ons and vapors 
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nent: M. Introduction | to. hysio- 
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BREDERECK, “HL " Progress report in the 
field of physiological chemistry since 
1929. Nucleic acids (Ab) 

Brescia, F. anpD R. ROSENTHAL. The | pro- 
duction of artificial radioactivity (Ar), 

BrEeweER, F. M. Elementary qualitative 
analysis (B). = 

BRICKWEDDE, F. G.—See ‘UREY, tC. 

Briccs, T. H. If there were millions (Ab). 

7 See * world and the curriculum 


BRINDLEY, W. H. ‘Richard Kirwan, ‘FR. 3 
1733- 1812 (Ab).. 


Brown, E. H. Some early ‘thermometers 


Ar). 

Brown, F. E. anp R. R. Coons. Treat- 

wont of students earning low grades 
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seventeenth | omeny France hse 
1680) (B). 
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ondary school (Ab).. 
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essential oil industries of foreign lands 
f OPER OPE CER Te ORT e 

Lyman C. Newell (E). 

BROWNING, P. E. Benjamin Silliman and 
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Bruce, G. H. High-school chemistry (B). 

Burpickx, C. L. Recent developments in 
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Burke, C. E.—See — = 

Bussr, J. S. ae CurrRIgR, A. J. 

BUXBAUM, B.. Cc. —* in the chemical 
laboratory (Ar). wee 
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CHAMBERLAIN, J.S. A textbook of organic 
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Carin, W. H. Exercises in second year 
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CurisT1an, S. M. Calculation of ‘numbers 
of isomeric paraffins (Ar)............. 

Cuurcu, L. Rubber coatings for abrasion 
and corzosion resistance (Ab). 

CrarK, C. . The electronic ‘structure 
and Geeta of matter (B 

CrarK, J.D. A new periodic chart (C).: 

Covsert, J. C_—See BELcueEr, J. E 

CoLe, A. H. anp K. W. Bicrrow. A 
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Couutns, E. M. Simple yet aio. th. 
cable transport number apparatus (Ar) 

Cotiins, R. R. Continuity of operation a 
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Coxuins, W. D., W. L. Lanan, AND E. Ww. 
Loner. The industrial utility of public 
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1932 (B).. i 4 

CoNCANNON, C. ‘c. ami H. Seah, Fa- 
vorable outlook for sape oo trade in 
chemicals (Ab).........++ 

Cook, D. L. Genieidene source ‘of lie 
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Cooxr, G. B. Manufacture of linoleum 
Ar).. 

Coons, R. R.—See Brown, "FE. 

Cogs, J. A. Victor Meyer apparatus (Ar). 
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Crane, E. J. The pronunciation of chemi- 
cal words (Ar) .. 

CULBERTSON, J. Bp A ‘program for. organic 
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Cutp, V.S., W. A. Noyes, anp R. D. REeep. 
Report) of the committee on noe 
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Cuno, C. W.—See PERRY, “2 i. 

CurRIER, A. J. AND J. S. BUSER. Inexpen- 
sive conductivity apparatus (Ar)...... 

CurtMaNn, L. J. anp S. M. Epmonps. 
drogen sulfide precipitation (Ar)...... 


DAINS, F. B.—Lyman C. Newett (E).. 

Darrow, K.K. Elementare Binfahrung is in 
die Quantenmechanik (B).. 

Davipson, A. W. A simple presentation of 
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on coal and other solids TS) 

Davis, A. L. Petroleum industry, maker 
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r 

Davis, T. ie "Chemistry | at Tech (Ab). 

Ko "Hung (Pao P’u Tzu), Chinese ‘al- 
chemist of the fourth century (Ar).. 
Lyman C. Newell (E).. 
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Desyg, P. Struktur der materie (Structure 

of ‘matter) (B).. 
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Demine, H. G. Balancing ‘equations “alge- 
braically i. 
Dersy, H. L. How chemical 
looks at N.R.A. (Ab) 
Det.incG, K. D.—See FERNELIUS, w.c. 
Dewey, is The —ane intellectual obli- 
gation (Ab). 
Drxon, R. A. M. Did Priestley | resign his 
fellowship of the Royal Society? (Ar). 
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The story of the formula for pyridine (Ar) 
DowninG, E. R. A new interpretation of 
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Epps, J. H. anp W. McCatt. Predicting 
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Fawcett, G. Color measurement (Ab). 

Fearon, W. R. Saponification of olive oil 
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FEpDoROw, A. ‘s.° * Schematic ‘tables to “ilus- 
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FERNELIUS, W. C. AND K. D. DETLING. 
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FLORKE, W. Experiments ‘on the forma- 
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Forses, G. S. Survey of the work of 
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mortar, and glass (Ar).. 
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FRUEHAN, A.C. anpC.L. MEHL. Variable 
carbon resistance (Ar).. 
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GARARD, I.D. Scientific methodin general 
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The organization of ideas in general 
chemistry (Ar).. 
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Gert, A. 7: ’ Goethe the chemist (Ar).. 

GERMANN, A. F. O. The réle of carotene 
in human health (Ar).. ; 

GERMANN, F. E. E. Active and ‘passive 
molecules and the nature of the mass 
action equilibrium constant (Ar).. 

GERSTENZANG, E. M Microchemical 
qualitative analysis without sulfides 
(A , 

GeErTTeEns, R. J. Chemical problems in the 
fine arts 5 (ae).. 

Grsson, C. Piastics: 
tistry (Ab). 

Guu, A. H. Flammable " solvents—their 
properties (Ar).. 

Gueason, S. The camera and black light 
find new mystery metals (A 

Gorr, M. A. Suggestions on ome ‘to study 
chemistry (Ar).. 

Gorpon, H. B. Modification of Victor 
Meyer’ '$ apparatus (Ar). 

GorTNER, R. Colloids in biochemistry 
Ar 


their use in den- 


Goss, W. H. AND K. "A. Koz. Pressure 
hydrogenation apparatus (Ar).. 
GREENBERG, L. A.— See HAGGARD, H. Ww. 
GUNTHER, ) The chemical action of X- 
rays (Ab 
The seventiti birthday of Paul Walden 
(Ab . 


GUGGENHEIM, F. A. “Modern | thermo- 
dynamics by the methods veil Willard 
Gibbs (B).. ie 

Gutzeit, G. See! WENGER, PL 


HACKETT, J. D. Combating occupa- 
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The effects of cigaret smoking upon the 
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Have, C. C. Rubber balloons for dispens- 
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HarRIEs, R. eee Duckworts, E. H. 
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chemistry (Ar).. 
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H, 
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HEINDEL, R. L., JR. Developments i in heat 
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chemical research (Ar) 

HeEnpricks, B. C., R. W. TYLER, ‘AND F. P. 
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HIBBERT, H.—See Sutt, RF. 
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Hoper, E. S. - oxidation-reduction scale 


(Ar).. 
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tenary of the birth of the inventor of 
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Hoitmes, H. N. Introductory 
chemistry (B).. 
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Hoimes, S Experiments ‘with nascent 
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Hooker, M. O. O.—See Fischer, ‘M. H. 

Hootey, J. G. anp N. W. F. Puitires. A 
convenient: water still (Ar)........... 

Hopkins, F. G. wes arses aspects of 
life (Ab).. GE Hoe od ee 

Hormispas, Rev. Br. Wood distillation 
in the laboratory (Ar).. 

Horney, A. G._ Testing the achievement 
of students in chemistry 

HosHati, E. M. Chemical drawing (Ar) 
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Hou, Te-Pan. Manufacture of soda (B).: 
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Hoyt, C. S. ——- boiling-point correc- 
tion (Ar).. 
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Hutt, C. anp C. J. West. The tenth 
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Hutsart, C. A. Mercury sad as = applied 
to process industries (Ab). 

Huntress, E. H., L. N. Graney, AND A. 
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INGERSOLL, c. “Be The “education ‘of a 
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JENKINS, W. J. Plastics: cellulose 
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Jounson, C. ann C. E. Burke. A simple 
apparatus for preparing aldehydes (C). 
J OHNSON, W. Easily interpolated 
trigonometric tables with ownnre- 
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Jounson, M.—See HANKE, M 


KABAT, E. A.—See Leurman, L. 
Katiam, F.L. Application of refrigeration 
. ae manufacture of natural se 


KaMMIN, H.—See ‘AUERBACH, ES 
KANNING, E. W.—See HARTMAN, R. J. 
Katzorr, S.—See ROSEMAN, 

KECKLER, C. G.—See Your, GR: 

KELLERMANN, K. Directions for the lab- 
oratory demonstration of the industrial 
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KELLEY, . Educational discussion. 
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KEtTTERER, W. P.—See MILLER, J. A. 

KwuarRascu, M. S., O. REINMUTH, AND F. R. 
Mayo. The electron in organic chem- 
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KimBa.t, C. S. Fabric cleaners and spot 
removers (Ab).. 

Kisstinc, R. The ‘petroleum ‘industry in 
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Kez, F. G.—See Hartman, R. J. 
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National socialism and 
Be OA ear iree 
Kunz, A. H. anp d;. S. Bartey. Labora- 
tory instructions for students of quanti- 
tative analysis. I. The gravimetric 
determination of iron (Ar)............ 


LACHAT, L. L.—See Hatvorson, H. A. 

Lainc, A. B. Chemical engineering in the 
WIRE CRU Saree cities case cased aatslets 

Lamar, W. L.—See Cotuins, W. D. 


Lams, A. B. A century of progress in 
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LaWat., C. H. Christ as oy of 


the soul (Ar).. 
St. Cosmas and St. “Damian, Patron saints 
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The Virgin Mary as the Cuenaaans and 
protectress of pharmacy (Ar).. 
LesowiTz, S. H. Protective device for gas 
generators (Ar).. 
J. A. Controlling ‘atmospheric ‘condi- 
tions in rayon production (Ab 
LEHRMAN, L. AND KaBatT. 
cipitation of aluminum, 
chromic ions by hexamethylene tetra- 
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Lemon, H. B. —See SCHLESINGER, L aE; 
Leverock, C. Demonstrating perfumes 
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Levy, S. I. The alkali industry—lI (Ab). . 
LEwIs, G. G. Evolution of the candle (Ar). 
Lewis, G. N. The biology of heavy water 
Lewis, J. R. Analogies in aegis fresh- 
man chemistry 
LippeL.t, D. M. AND G. ‘BE. Doan. 
ciples of metallurgy (B).. 
Lincoitn, A. T. A chemical exhibition (Ar) 
LIVINGSTON, R. An introduction to sensi- 
tized photochemical reactions (Ar).. 
L6rFLeR, G.—See MULLER, W. J. 
Locan, K. H. Protecting setengponnd 
pipe lines against soil action pes 
Lour, E. W.—See COLLINS, : 
LONGSWORTH, L. G. An experiment to 
illustrate the mechanism of the con- 
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Lowman, O. E.—See DuNNING, J 
Lowry, Cc. D., Jr.—See Lowry, L. M. H. 
Lowry, L. M. H., C. D. Lowry, JR., AND 
J. MINER. An unpublished anaer 
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Lowy, A. anp W. E. Batpwin. A labora- 
tory book of elementary organic chem- 
istry (B) 

Lucas, L.T. Are we wasting our chemistry 
student’s time? CS REESE FRY PE 

Lucx, J. M., editor, Annual review of 
biochemistry, Vol. 3 ( 

Lyon, B. I. anp L. J. Brrcner. How long 
should a pipet drain? (Ar)........... 


MANON, A.—See Dunzar, R. E. 
Markey, A.L. Cooling effect of evapora- 
tion (Ar) Lewes < 
Martow, H. W. Evaluating unknowns in 
qualitative analysis (Ar)............. 
Mayo, F. R.—See Kuarascn, M. S. 
McBripz, R. S. Petroleum refinery gas 
for city supply (Ab) 
What about my job? asks John Jones, 
B.S. in Ch.E., ’34 (Ab).. 
What and where are the process ‘indus- 
tries of the south? (Ab) 
McCati, W.—See Epps, J. H. 
McCreary, R. F.—See DEGERING, E. F. 
McCiure—See MENDENHALL. 5 : 
McHenry, M. J Freshman chemistry in 
mong ap in 1850 (Ab) 
McKee, . The place of physiological 
psec na ba in the curriculum of a college 
for women (Ab).. 
McKeg, R. H., C. E. Scott, “AND ‘}. B. F. 
OUNG. The Chandler chemical 
museum at Columbia University (Ar). 
Meg, A. J. The estimation a eee 
of the halogens (Ab).. : 

Water Blower (AB). .... cc ecccc ce ccccens 
MERL, C, L.—See FRUEHAN, A. G. 
MERLIG, J. P.—See MELton, M. G. 
| M. — junior science clubs 


MELDRUM, ONES) “Lavoisier’s. early “work 
in science. 1763-1771. Part II (Ab). 

MELLON, M. G. anv J. P. MEaLIG. Prob- 
lems of seein Lneenneiie = 


(Ar) 
MENDENHALL, “McC.urg, ‘AND ‘ Hunt- 
SINGER. Recovery of carbon tetra- 


ChbnstGs CAD). 00. ccc cwcccccesesces 
MENSCHUTEIN, B. N. Discovery and “aeied 
history of platinum in Russia (Ar).. 
MricwHak., F. Vitamin 
MILER, J. A. AND W. P. K&TTERER. 

ae as a student project 


MILuER, M. A. Note ‘on the formation of 
CHG MESEE COTE CAE) as soi. ce0 cc ce 60 wee 

MINER, J. R.—See Lowry, L. M. H. 

Minovict, S. AND M. VANGHELOvicI. Con- 
tributions to our eens of cho- 
lesterol (Ar).. 

Mortwyn-Hucues, BAL” ‘The kinetics of 
reactions in solution (B). 

Montacugz, W. P. A possible ‘interpreta- 
tion of the quantum (Ab). 

Moors, F. J. Outlines of organic ‘chem- 
WMI ic slucisics aches wane eaccors 

in G. T. Plastics and their genesis 


Morton, e 
neutralization reactions. I. 
Lar i a WEBUS Cate Arik ccuedetae unt 

Mory, A. V. H.—See RepMan, L. V. 

MULLER, W. J. anp G. Lérriter. The 
color of ee cadmium sulfide 

b). 


“Electrometric™ titration “and 
General 


Munro, ey Oe ‘Qualitative ‘analysis with- 
out hydrogen sulfide (Ar) 
COSTORDOMMOROD. 0c 6:00: 0:06 0.0 0:0 80 k0 cones 
Morpny, G. M. Spectroscopic detection 
of isotopes and the discovery of hy- 
QE BI GI aos «68 ov on escicciercce 
See also Urey, H. C. 


NAGY, V. L. anv L. Barta. How much 
nicotin is converted into smoke during 
the smoking of cigars or pipes? (Ab).. 

—, E. hemistry in old Boston 

The teacher’s vow (Ar).. 

NIERENSTEIN, M. The natural organic 
tannins (B).. 

NOLL, Mi H. Measuring ‘scientific thinking 


(A 
The habit ‘of scientific thinking (Ab). . 
Noyes, W. A.—See Cutp, V. S. 


O'DONNELL, L. Mining sulfur under 
water in Louisiana (Ab 
OrsPeR, R. E. Kjeldahl and the determi- 
nation of nitrogen (Ar).............. 
One, H, Progress report in the field of 
physiological chemistry since 1929. 
I. Natural products. 1. Carbo- 
hydrates (Ab)..........+.. aod bea e 


633 
127 
670 
470 


251 
109 


61 
583 
668 


254 
189 


275 


61 
481 


530 
317 


664 


126 
226 
126 
570 

32 


637 
483 
429 
191 

61 


482 


60 
242 
428 


188 


481 


387 
100 


670 


530 
127 


61 
457 


482 


Oxtve, T. R. A new classification of unit 
operations (Ab).. 

OsER, J Note on “oxygen * demonstra- 
tions (Ar).. 

Orumer, D. F. Dehydrating ‘aqueous  solu- 
tions of acetic acid (A 

How to prepare for pon RE “equipment 

design (Ab).. 

Orto, C. Why some students ‘do ‘not elect 
chemistry (Ab) 


PADGETT, A. R.—See Decerine, E. F. 

Parker, A. S.—See Huntress, E. H. 

PARMELEE, H. C. New professional re- 
— © for chemical engineers 


PATTERSON, A. M. "Report of the commis- 
sion on the reform of the nomenclature 
of organic chemistry (B).. 

Patterson, H. The chronological age of 
highly intelligent freshmen (Ab 

Payne, V. F. Intensive study for under- 
graduates (Ar).. 

sey P. Araw ‘material for many ‘uses 


How rare ‘gases ‘give beauty to lighting 
Ab).. 


Peet, B. W. The ‘training ‘of high-school 
science teachers with a on cur- 
riculum a te wee en0 

Pgrry, J. H. anD Cc. W. ‘Cuno. Economic 
and technical factors in chemical pat 
—— (Ab).. 

— AND C. Duus. "Drying ‘gases “by 
aa NG. tig ci. oc Vaceccraeens 

PgTERKIN, J. D. Action of eevee on 
steam (Ab).. : 

PETZOLD, H. AND R. “SCHARF. * Determi- 
nation of the change in volume of gases 
and vapors with temperature and pres- 
sure (Ab).. 

PHELAN, E. Ww. “Are “chemistry "students 
more intelligent than others? (Ar)..... 

PHILBRICK, F Heavy prenee (Ab). . 

Puiiurs, N. W. F.—See Hoorey, J. 

Preps, C. J. Research studies relating to 
the teaching of science (Ab). ‘ 

Prerce, W. C. anv E. L. HAgNISCH. yo 
system of unknowns and ame for 
quantitative analysis (Ar)....... 

Poutssar, M. J. Analogies in "teaching 
freshman chemistry (C)...........-. 

we HH. AND J. B. EKELEyY, com- 

alpen of indium, 
1363-1933 tp) 

Porter, A.A. T: rend in | engineering educa- 
tion (Ab). . 

PowELt, O. V. " Chemistry ‘assembly Pro- 
grams (Ar).. 

Pratt, P.—See ‘DUNNING, oy; 


QUAM, G. N. anp M. B. Quam. Types of 

graphic classifications of the elements. 

I. Introduction and short tables..... 

Il. Long charts.. 

III. een, helical, 
charts. 

Quam, M. B. "See Quam, ‘oC. NL 


‘and miscellaneous 


RAKESTRAW, N.W. The chemistry of - 


OO CIDE. 8 ov iinnnc04 centcoteses 
RANDALL, J. T. Diffraction of X-rays and 
electrons by amorphous solids, liquids, 
and gases (B).. 
Ravuscu, C. C. Problem ‘form for inde- 
pendent QUMEE Chis bs een ves deawetes 
RAy, C. Life a Sc occmpmpell of a 
Bengali chemist (B) 
RepMAN, L. V. AND A. Vv. ‘i. “Mory.- 
romance of research (B)............++. 
REED, R. D.—See Cutp, V. S. ” 
paement ig O.—See KHARASCH, M. S. 
Reusser, W.C. A science club to vitalize 
science teaching (Ab) 
RHEINBOLDT, H. Chemische Unterrichts- 
versuche (B) 
The discoverer of the Kipp gas generator 


Ricz, J. C. Explosion hazard in coating 
WINE CARY iin ck icew ec ode yecdeters 
Rrecet, E.R. Industrial chemistry (B).. 
RIBSENFELD, E. H. A manual of practical 
inorganic chemistry (B)............+. 
Ritcurz, P. D, Asymmetric synthesis and 
asymmetric induction (B). 
ROBERTSON, Demonstration ‘of frac- 
tionating column. A reply os 
Rémiscu, H. Demonstration of the manu- 
facture of candles and glycerin (Ab).. 
— D. T. A mercury seal for stirrers 
Self closing laboratory valve (Ar).. 
Roorsac#, G. B. ow the chemical revo- 
lution changes foreign trade (Ab) 
as = S. The foundations of nutrition 


481 
354 
189 
430 
318 


254 


64 
583 
516 
126 

60 


127 


668 
317 
481 


61 
630 
482 
530 


565 
58 


634 
318 
551 


27 
217 


288 


188 


669 
582 
255 

62 


530 
431 
668 
231 

63 


62 
382 
428 
482 


427 
310 


318 
192 
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ROSEMAN, R. AND S. Katzorr. The rel 
tion of state of a perfect gas (Ar).. 
CAME 9 ois oi cdat he aceaee ws as weaee 
RosenBiLum, C. A course in the use of 
radioelements as indicators (Ar)...... 
ROSENTHAL, R.—See Brescia, F. 
Rossnger, A. A simple proof of the differ- 
ent carbon dioxide content of sodium 
carbonate and sodium bicarbonate (Ab) 


SAMPEY, J. R. Examination questions 
in pandemic chemistry (Ar). . 

SANFORD, W. . Demonstration of the 
7’ Salama of bromine from bittern 


Wood distillation ‘model ‘(Ar re 
ScHAEFFER, H. F. Philately serves chem- 
istry (Ar). 
Scuarr, R. Chemical demonstrations on 
air protection (Ab).. 
See also Petzoip, H. 
ScHIERZ, E. . A chemist-tourist in 
COPE CABS oi. ooo ss cabicc ce esc es ve 
ScHLESINGER, H. I. anp H. B. Lemon. 
[Guides to sound films.] 1. Energy and 
‘a transformation. 2. Electrostatics 
ScHoLpER, R. The amphoteric character 
of metallic hydroxides (Ab 
Scuwarz, V. Analytical chemistry of tan- 
talum and niobium (Ab). hp 
Scott, A. F. A useful air bath (ar). Caen 
Scott, C. E.—See McKeEkg, 
SEGERBLOM, W.—Lyman Cc. Newell (E).. 
SEwaARD, R. P. Reactions of metals hy- 
droxides with i 4 Se 
SuHaug, N. M. tary ch 1 theory 
and einen Sa 2646 Me Ob ebeeeas-e 
Practical chemistry (B).. wears 
Suerman, H.C. A century “of progress in 
the chemistry of nutrition (Ab) 
Food products (B).. nes 
SHERWIN, C. P.—See Harrow, B. 
SHOELD, M. New process gives improve- 
ment in superphosphate quality (Ab). . 
SIEBELING, W. An inexpensive Kipp 
generator (Ab).. 
Srmonts, H. S. Foam fire- fighting methods: 
past, present, and future (Ab). 
— E.C. Scientific centenaries in 1934 





SOMMER, a “The death ‘mask of Justus » von 
Liebig (Ar).. 

STANLEY, L. N.—See “HUNTRESS, ‘ELH. 

Starck, H. P. Volumetric analysis (B)... 

Stavety, H. E. Simple equation for con- 
yeuee volumes to standard conditions 


Svea, C. C. An introduction to plant 
biochemistry (B).. 

STILLWELL, C. W. Chapters ‘in “crystal 
chemistry for freshmen (Ar) IV. 
CHOSE RIS CRs ooo ocd ccceccec cece 

cn > Hydrides of boron and silicon 

Designation of valence in inorganic 
chemistry (Ab 

Todized charcoal as “we against 
mercury poisoning (Ab) 

Stocxriscn, H. E. Urea resin varnish ‘for 
laminating (Ab).. 

Stronec, R. K. Ninth international con- 
gress at Madrid (Ar). 

Suit, R. F. anp H. Hispert. A starchless 
potato induced by the introduction of 
foreign enzymes (Ab). 

Sussman, S. Gas generator | for micro- 
chemistry (Ar). 7 

Swan, J.N. La oratory, fees (Ab)....... 

aes tae E. Mendelejeff centenary 

b 


Swirt, A. H.—See Concannon, C. C. 

Sy, A. P. Filing small printed items for 
reference (Ar). . 

SzyMaNnowl!7z, R. Colloid chemist (Ab).. 


TAYLOR, A. E. An alpha-ray track ap- 
paratus (Ar).. 

TAYLOR, . What’ s wrong with chemi- 
cal education? CAs) 2. newer 

TE-Pan Hou—sSee Hou, TE-PAN, 

THoMPsON, D’A. W. Fifty years ago in the 
Royal "Society of Edinburgh (Ab) 

Tuompson, G. W. What training industry 
expects of chemists and chemical —_ 
neers (Ar).. 

THONE, F. Coal mine in a museum “(Ab).: 

Tims, ¥. A. Future trends in the teaching 
of elementary chemistry (Ab).. a" 

Totten, C. W. A scheme for conserving 
platinum wire (Ar).. 

Trerss, A. Progress report ‘in the “field of 
physiological chemistry since 1929. 
Blood pigments and chlorophyll (Ab). . 

Tyter, C. Some economic aspects of 
chemical process developments (Ar)... 

TyYLerR, R. W.—See HeNpRIicKs, B. C 
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408 


622 


430 


377 

45 
259 
482 


17 


128 
60 


530 
419 


67 
567 
383 
128 

61 
192 
430 

61 
316 
254 
503 
532 


283 
634 


159 
256 
668 
380 
530 
510 


254 


375 
189 


668 


521 
317 


576 
511 


632 


208 
127 
189 


423 


530 
344 
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ULLMANN, H. M. anp T. H. Hazze- 
HURST, JR. An one -hydrogen soap 
bubble pipe ae 

UmsreiTr, W. W. 
experiment (Ar).. 

UrpanG, G. Zur Geschichte der Metalle 
in den amtlichen deutschen Arznei- 
biichern (B).. 

Urry, H. C. The ‘separation ‘and roper- 
ties of the isotopes of hydrogen (Ab). 

—, F. G. BRICKWEDDE, AND 
MourpHy. Names for the hydrogen 
BUN TOs sib an 60-00 osc eesbuans 


A " photobromination 


VAIL, J. G. On preparation to deal with 
soluble silicates (Ar).. ; ese 

VANGHELOVICI, M.—See Minovicr, ‘s. 

VENABLE, W. M. The sub-atoms (B) aoa 


WAGNER, E. C. Oxidation of eer 
alcohol to acetone (Ar). . 
Correspondence. . 
Wares, R. B. Crime detection ‘tests for 
the home chemist (Ab) 
Home tests show strange. ‘nature * of 
chlorine (Ab).. 
How to convert old electric light bulbs 
into chemical glassware (Ab) 
Practical and mystifying home tests you 
can make with iron (Ab).. 
Surprising tests with household ammonia 


Weird stunts with aluminum ‘in the home 
laboratory. . 
Wainer, E. Further applications ‘of an 
old method for removal of iron (Ar).. 


PA POTRE wath CE) ooo ois ce vsisiccssccccee 
Ability, Testing, to apply chemical = 
ciples. B. C. HenpRICKs, 
TYLER, AND F. P. FRUTCHEY (Ar). 
Abrasion and corrosion resistance, Rubber 
coatings for. L. CHurcH (Ab) a aeik se 


Academic freedom and tenure. Com 
eee err eee 
Acetate, cellulose. ANON. (Ab).......... 


Acetic acid, Dehydrating aqueous solu- 
tions of. D. F. Ornmer (Ab 
Acetone, Oxidation of isopropy! alcohol to. 
E NO Ra er 
IID, 6 onccud ovcowsssesseses 
Rated Mame TP) ons cc ccc sccncsess 
Acheson, Edward G.—See Colloid chemist 


NE cae ncaa ts Ganesh + «oases kaaale 
Achievement of students in chemistry, 
Testing the. A. G. Horney (Ar)..... 
Active and passive molecules and the na- 
ture of the mass action equilibrium con- 
stant. F. E. E. GeRMANN (Ar)....... 
Adipocere, Browne’s ‘‘Hydriotaphia’”’ with 
areference to. W. H. Barngs (Ab).. 
Advertising, Truth in (E)................ 
Age, The chronological, of highly intelligent 
freshmen. H. Patrerson (Ab) 
Air bath, A useful. A. F.Scotr(Ar)...... 
Air protection, Chemical demonstrations on. 
We IN IED 6.3 50.0 0.05 e000 8085 
Alchemist, Chinese, of the fourth century, 
Ko Hung (Pao P’u Tzu). T. L. Davis 


Ce UO re ate htt nes ko a.bas we we ee 
Alcohol distillery, Continuity of operation a 
feature of a mcdern. R. R. CoLLins 
OS ee Sh Pee eet athe dt wie Bee 
Aldehydes, A simple apparatus for prepar- 
ing. ET so 4's coe 8 8s 
Aliphatic, synthetic, chemicals industry, 
Chemical engineering builds a. Eprr. 
Starr Report (Ab) 
Aliphatic series, Chart illustrating organic 
reactions of the. C. R. Hauser (Ar.).. 
Alkali industry, I, The. S. I. Levy >... 
Alkalinity, Chemical potential and. W. 


ee ty er re rere 
Alpha rays, Convenient source of. D. L. 
COAG 6 Fin ose siaas Fee acdecwews 
Alpha-ray track apparatus, An. A. E 
TRIES snk 00's odd.) Genes eee 
Aluminum, ferric, and chromic ions by 
hexamethylene tetramine, The pre- 


cipitation of. L. LEHRMAN AND E. A. 


eT py Paes ie 


113 
175 


320 
188 


188 


537 
382 


309 
428 


189 
189 
189 
188 
188 
189 
526 


536 


611 
61 


254 
668 


189 
309 

18 
317 
360 


328 
317 

2 
583 
419 
482 


517 


430 
379 


126 


178 
481 


267 
313 
576 
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WakeuHAM, G. A proposed rearrangement 
of the subject matter of elementary 








chemistry (Ar).. 609 
From concrete 7 abstract in elementary 
chemistry (Ar 168 
WALDEN, P. i “100th ‘birthday ‘of D. 
Mendeléeff (Ab). 482 
WALKER, F. Safety in * chemical ‘labora- 
tories Ar) adie tbeekd bo maaan ewes nae 506 
WALL, F. Vocations in chemistry (Ar). 96 
Ware, E. -7 The modern trend of the 
paint industry (Ar). 437 
WARREN, L; E. Chemistry and chemical 
arts in ancient Egypt OE) Bsns ticadks tie 146 
II. pes pi 297 
Watkins, ‘CG. B. anp W. D. HARKIns. 
Laminated safety y" rod (AD) icc cs% 316 
Watt, G. W. Liquid ammonia research 
in 1933—a review (Ar) . 339 
Waucu, W. A. Unlocking “another door 
to nature’s secrets—vitamin C (Ar). 69 
WrAvER, E.C. Tin can chemistry (Ab)... 189 
WEEKS, M.E. Daniel Rutherford — the 
discovery of nitrogen (Ar).. 101 
Correction (C).. 314 
The author of “The chemical ‘analysis of 
bismuth”’ (C).. 428 
The scientific contributions of the de 
Elhuyar brothers (Ar).. 413 
WELLS, S. De-inking and reprocessing 
paper semana by new method 
(Ab).. 253 
WENGER, P. AND G. Gurzert. "Manuel de 
chimie analytique qualitative minérale 
West, C. J. Annual survey of American 
chemistry, volume VIII, 1933 (B)..... 531 
See also Hutt, C 
Aluminum in the home laboratory, Weird 
stunts with. R. B. Watres (Ab)..... 189 
American Association for the Advancement 
Oe NR. 6 oa wo cee ceachiaasaney ts ee 649 
3-Amino-phthalhydrazide (“luminol’’) as a 
lecture demonstration of chemilumines- 
cence, The oxidation of. E. Hun- 
TRESS, L. N. STANLEY, AND A. S. 
DAMGRR CAT io occdvadc csc kacesseena ss 142 
Ammonia, Liquid, research in 1933—a re- 
wae. Gy. Wi WOE I 6 9058609 08.00% 339 
Ammonia, Surprising tests with household. 
R a Rf ARE oer iar 188 
Ammonia system of compounds, The. H. 
WCPO (ION oo cle a< a Sinton e's eaten 317 
Ammonia to nitric acid, Oxidation of—a 
demonstration. A. Haut (Ar)........ 575 
Amphoteric character of metallic hydrox- 
ides, The. R.SCHOLDER (Ab)........ 60 
Analogies in teaching freshman chemistry. 
BA. J. POERIOAR HG). cccacsecccssccis 58 
Analysis—See also Qualitative analysis and 
Quantitative analysis. 
—- qualitative, Evaluating unknowns 
H. W. Marrow (Ar)...........- 109 
deochaains Qualitative, without hydrogen 
sulfide. L. A. Munro (Ar).......... 242 
Correspondence. K. V. YACOUBYAN.... 428 
Analysis, quantitative, A system of un- 
knowns and grading for. W.C. PIERCE 
AND E. L. HABNISCH (Ar)..........-. 565 
Analysis, quantitative, Laboratory instruc- 
tions for students of. I. The gravi- 
metric determination of iron. A. H. 
Kunz ann G. S. BatLey (Ar)........- 247 
Analysis, Lag Problems of teach- 
ing. M.G. MBLLON AND J. P. MEHLIG 
Fe ee er ees Pe 664 
Da A GD ovis 2555S hisis oie o-00 6h at 336 
Anti- freeze agents, Comparison of methanol 
and other. T. C. ALsrn (Ab)........ 60 
Apparatus: 
yd YE ees eee rae ee 419 
Bubbling column (Ar).............-. 424, 428 
Constant-temperature bath (Ar)........ 627 
Electric eye for color (Ab)............+. 429 
Gas generator (Ar).............6. Vicge ae 
eee TR GAD oss 55.556: <:4.0)0 0:0:0 dicjne oa 577 
King memerator (Ab) .6...ccec sie ccsscsacs 61 
RaOE TE CBE). 5. 05.9.0-5.6-05 40.0008 554 
Mercury seal for stirrers (Ar). .-- 427 
 alennin ode. onnk tees che aine 554 
Protective device for gas generators (Ar). 311 
PN Benches chant pen ved sah eeah obs 430 
Safety bulb for pipets (Ar)............. 185 


Wuirmorg, F. C. The mechanism of the 
polymerization and depolymerization 
of olefins (Ab).. 

Wuitton, E. Science in South Carolina 
MAMIE SOMOOIS CAE) 5 o.s.a cin s Kae windie 6 an Xn 

Witiiams, A. T.—See HINSHELWOOD, C. N. 

Witson, W. Theoretical physics. Vol. 2. 
Electromagnetism and optics (B)..... 

WInsLow, C.-E. A. ano G. T. Hatiock. 
Health through the ages (B).......... 383 

WIZINGER, R. Organische Farbstoffe, An- 
leitung zum Schrittweisen Eindringen 
in die Farbenchemie auf Koordinations 
theoretischer Grundlage (B).. 64 

Wo.tHorn, H. The ammonia system. of 
compounds (Ab).. 

Work, L. T. Materials of | construction 
trends eS SRE a eS a 253 

Wray, R. P. The relative importance of 
items of chemical nanan - —- 
eral education (B).. pace 383 


YACOUBYAN, K. V. Qualitative anal- 
ysis without hydrogen sulfide (C)..... 

Yacopa, H. Cesium salts as reagents in 
inorganic matters (Ab) 

Yous, G. R. anp C. G. KECKLER. 
Peo -level siphon for a hot-water bath 

Youne, C. B. F.—See McKzez, R. H. 

Younc, P. A new volumetric oxidizing 
GE CI kc once dacccawteees cueene on 466 


ZEKERT,O. Carl Wilhelm Scheele—sein 
Leben und seine Werke (B) 483 
ZELENY, J. The attack on the atom (Ab). 60 





Siphon, constant level CO issccgeuaws 462 
Storage battery carriage (Ar)........... 554 
Test-tube stand (Ar)..............006- 554 
Thermoregulator (Ar)........--.-+++++ 569 
Ultramicroscope as a student project 
OO RG eee ey Abe ies pars 570 
Valve, Self-closing laboratory (Ar)...... 310 
Variable carbon resistance (Ar)......... 187 
WE I Code co bsce vecceccseaes> 554 
Water blower (Ar) 481 
ROS ls SS ee or 376 
Apparatus, An alpha-ray track. A. E. 
TAYLOR Poe ass atti dio Oa 6 576 
Apparatus, Inexpensive conductivity. A. 
CURRIER AND J. S. Buser (Ar)..... 629 
Apparatus, Modification of Victor Meyer’s. 
. B. GorDON (Ar)......--+.-++++, 
3 m2. oh Preparations and methods of 
ancient Chinese alchemists, The,’’ by 
VY. Y. Ts‘ao. W.H. Barnes (Ar).... 655 
Apparatus, Pressure hydrogenation. W. 
H. Goss anp K. A. Kose (Ar).. 250. 
Apparatus, Simple yet widely applicable 
— number. E. M. Cor.iins - 
Apparatus, Victor Meyer. J. A. Coss 
Mp siais ace 's b Covee ae aeth ood Seam ates 628 
Apparatus for preparing aldehydes, A 
simple. O. L. Bart (C)..........-. 79 
Are chemistry students more intelligent 
than others? E. W. PHELAN (Ar).. 630 
Area determination of non-planar surfaces. 
ee ee Oe Se ee eae re 600 
Arts, Chemical problems in the fine. R. J. 
SI EOD. sa vn eh 0 a's caesiess 805 587 
Assembly programs, Chemistry. O. V. 
RUUD 0s cry nc ane seme saaee 551 
Atom, The attack on the. J. ZELENY 
Atomic weights, A comparison of some 
ae and chemical. G. P. BAXTER is 
Ac on the atom, The. J. ZELENY 
pr. of “The chemical analysis of bis- 
muth,” The. M. E. Weeks (C)...... 428 
BAEYER monument (P)............+++- 18 
Balancing equations algebraically. H. G. 
pe = rrr Peer er mere 125 
Balloons, Rubber, for dispensing gases. 
Cc ALE D cacipra mip nidg c+ 4 5 Hees 477 
Bath, Convenient, inexpensive constant- 
temperature. R. E. Dunpar (Ar).. 627 
soa Gregory Paul, Survey of the work 
G. S. Forbes 2 lb babae ip leeds 444 
Portree Shactrbbeen 665-560 & abe oO ebiee 445 
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Benjamin Silliman and the beginnings of 
= at Yale. P. E. BROWNING 170 

Berthelot, Pierre Bugéne Marcellin (P) . 214, 585 

Bibliography of Dr. Newell’s historical 


Bismuth— See The author of ‘‘The chemical 
analysis of bismuth”’ (C) 
Black light find new mystery metals, The 
camera and. S. GLEASON (Ab)....... 
pS SeS a AB a a ee ee 485 
Blood pigments and chlorophyll. Progress 
report in the field of physiological 
chemistry since 1929. A. TRErBs (Ab). 
Blood sugar, The effects of cigaret smoking 
upon the. H. W. HaGcarp anp L. A. 
Comms CA... vas cab vacecacdes 
es Bk bak sc cctasardcckedes 
Boerhaave, Hermann (P).............. 102, 260 
Boiling-point correction, Simple. C. S. 
WE CRU Cc ois cretacneee nase cates 
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Books reviewed: See end of this section. 
Borax-bead technic, New. E. W. BLAank 


Dicredinanadt wmmntteene CPN oases cc es ese 216 
ee ae 193, 352 
Bromine from bittern, Dereon of the 
preparation of. SaANForRD (Ar). 377 
Browne’s odrincaphia’” with a reference 
to adipocere. W.H. Barnes (Ab).. 317 
Bubbling column in the teaching of frac- 
tional distillation, The laboratory. 
arr reer 
Bulb | pipets, Safety. T. S. GARDNER 


Books reviewed: 
° 
Aids to qualitative inorganic analysis. 


Alembic club reprint No. 21. On a new 
chemical theory and _ researches on 
salicylic acid. A. COUPER. «2.205. 190 

American Chemistry, Annual survey of, 
Volume VIII, 19 sc J. Weet.«s.. 

Analysis, Aids to qualitative inorganic. 


Analysis, Elementary qualitative. 
WEINER io tccees me Cane eet ase cee 432 
Analysis, Volumetric. H. P. STARCK... 
Analytique qualitative minérale, Manuel 
de chimie. P. WENGER AND G. GuUT- 
aplastic ge ie aie teen lieth areca wy ya ae EU 
Annual review of biochemistry, Vol. 3. 
Wet, OMNI cis 6 creas ec seu v ees 70 
Annual survey of American chemistry, 
Vel. VHI, 1986: C. J. Wuer.......- 531 
Antirachitic activity of vitamin D supple- 
ments for poultry. H. A. HaALvoRsSON 
ME Be, Be Ae voc cate vacsesess 
Apparatus making and the use of tools, a 
simple course in, The laboratory work- 
shop. E. H. DuckwortH anp R. 
HARRIES....... 0.00 e ese e sees ee eees 
biichern, Zur Geschichte der Me- 
‘talle in den amtlichen deutschen. G. 
Ws 6.6 voc cabe hae head neeendee ce 
Asymmetric synthesis and asymmetric 
induction. PP, Dy MIrcmre...........- 
er chemist, Life and experiences of 
RAy 





Bibjiography of indium, A, 1863-1933. 
Compiled by H. A. PoTRATz AND a. 
TING av ntncs cre cvacvescensciaces 

Bibliography of research studies, June 
1931 to February 1934, Annotated.... 

Biochemistry, An introduction to plant. 


Biochemistry, Annual review of, Vol. 3. 
Pee CMS iccss obs ce eee. 
Boron Bs silicon, Hydrides of. A. 


Sto 
Carl °Wiihelm Scheele—sein Leben und 
seine Werke. O. ZEKERT...........- 483 
Chemical economics. W. HAYNES...... 64 
Chemische Unterrichtsversuche. H. 
RIMMOELIE . oc svencesvcusanscrccces 
= A first book in. R. H. Brap- 
Chemistry, High-school. G. H. Bruce. 
Chemistry and physics, Handbook of. 
Cx Eee SEEN occ e05.0.09.0 5 bee-cnje a 63 
Chemistry of the hormones, The. B. 
Harrow AnD C. P. SHERWIN......... 
College chemistry, Experiments and prob- 
lems for. J. E. BELCHER AND G 
COMM eicls hs cya wosias os He Ke atexe 


HOuMEsS....... eoccccevcccedes 


Books reviewed (cont.): 


Colloid chemistry, Laboratory manual 
of. H. N. Hi 

Colloids, The lyophilic (their theory and 
practice). M. H. FiscHer anp M. O. 
WON sg ects caste sc aks cick oak ka. c 

— 

Diffraction of X-rays and electrons by 
amorphous solids, liquids, and gases. 
| Se Ae rere ee 


Easily interpolated trigonometric tables 
with non-interpolating logs, cologs, and 
antilogs. F. W. JoHNSON............ 

Economics, Chemical. W. HAYNES..... 

Education, The relative importance of 
items of chemical information for 
gereral.: RR, Fe Wah. ss cc cc ese ces 

Einfiihrung in die organisch-chemische 
Laboratoriumstechnik. BERN- 


Electromagnetism and optics, Theoretical 
physics. Vol. 2. 

Electronic structure and properties of 
metter, The. C. HH. D. Cram. ::.... 

Electrons, Diffraction of X-rays and, by 
amorphous solids, liquids, and gases. 
Fe Oe PGS den gackcescseserees 

Electrostatics—See [Guides to sound 
OMG Bata ward a-oh de ccc ee Race atttetineiers 

Elementare Einfiihrung in die Quanten- 





mechanik. K. K. DARROW.........- 
El tary chemical theory and prob- 
WOM IN: Ble MAINS Foie ee wceesieies 
Elementary qualitative analysis. F. M. 
MI oa Ft oe releei leit ce toe 
Energy and its transformation—See 


[Guides to sound films.] 1 
Engineers, English for.  S. 
WAIN, fc anit o oriicra. 5 be acgiele ecg shes <2 
English for engineers. S. A. HARBARGER. 
Exercises in second year chemistry. W. 
Bey CHARIS gecesi coats eee eae 
Experiments and problems for college 
chemistry. J. E. BELCHER AND J. 
oe RT eee ie eae 
Farbstoffe, Organische, Anleitung zum 
Schrittweisen Eindringen in die Farben- 
chemie auf Koordinations theoretischer 
Grundlage. R. WIZINGER..........- 
[Films, Guides to sound.] 1. Energy and 
_ peor 2. Electrostatics. 
I. SCHLESINGER AND H. B. Lemon. 
Filns, the blue book of non-theatrical, 


AGO ME ODE oc cateceisueceuenes 
First book in chemistry, A. R.H. Brap- 
WE ec duce neste a cc caucacaee nes 
Food products. H. C. SHERMAN....... 


Foundations of nutrition, The. 


France, Scientific organizations in seven- 


=. century (1620-1680). H. 
Geschichte das ‘Metaile in den smitichen 
deutschen Arzneibiichern, Zur. 

RA bod bok cicks cintnrencdds 


Gibbs, Willard, Modern thermodynamics 
by the methods of. E. A. GuGGEN- 
MMMBai ac wees esc ceeans evestued das 

[Guides to sound films.] 1. 
its transformation. 2. Electrostatics. 
H. I. SCHLESINGER AND H. B. LEMON. . 

Handbook of chemistry and physics. 
(a er rr 

Health through the ages. C.-E. A. 
WINSLOW AND G. T. HALLOCK........ 

High-school chemistry. G. H. Bruce.. 

Hormones, The chemistry of the. B. 
Harrow AND C. P. SHERWIN.. 

Hydrides of boron and silicon. A. Stock. 

Hydrogen and oxygen, The reaction be- 
tween. HINSHELWOOD AND 
Be Te Peon. 00.0465 Kag sot uns 

Indium, A bibliography of, 1863-1933. 
Compiled by H. A. Potrratz AnD J. B. 
PRE ccicadacta ste ocsccececs ces 

Induction, asymmetric, Asymmetric syn- 
thesis and. P. D. RITCHIE.......... 

Industrial chemistry. E. R. RIEGEL. 

Industrial utility of public water supplies 
in the United States, The, 1932. W. 
D. Cottins, W. L. LAMAR, AND E. W. 


Industrialized Russia. A. Hrrscu..... 
Inorganic chemistry, A laboratory manual 
PS ie rrr T 
Inorganic chemistry, A textbook of. F. 
BRPMAEM so cic ccc esacccccveses 
Inorganic chemistry, practical, A manual 
C.F Ee SAOOPMEDs So ccc e cron 


Introduction to physiological chemistry. 


BM. BODANGEY, ...cccccccccsescccces 
Introduction to plant biochemistry, An 
Co Sy SEM ccc cvccsecccstccsenes 


Energy and © 


433 


382 
584 


669 
584 
584 


320 
64 


383 


634 
382 
669 


669 
128 
320 
383 
432 
128 


532 
532 


431 


669 


64 


128 
433 


319 
192 


192 


531 


320 


128 
63 


383 
190 


532 
256 
584 


634 


382 
63 


634 
433 


633 
381 


62 


634 


677 


Books reviewed (cont.): 


a to the teaching of science, 
Ws a, SENT, onde ce cicesieses 
futeadnunnin colloid chemistry. 
We Cty Cos a hte cama 
Kinetics of reactions in solution, The. 
E. A. Moetwyn-HucHes. . 
Laboratoriumstechnik, Einfiihrung i in die 
organisch- chemische. K. BERNHAUER. 
Laboratory book of elementary organit 
chemistry, A. A. Lowy AND 
PENNE ic PN ad'in'e dss Cb ciges cee cveees 
Laboratory manual of colloid chemistry. 
Bee ag cas von eee 
Laboratory manual of inorganic chem- 
es te ee ae 
Laboratory workshop, The. A simple 
course in apparatus making and the use 
of tools. E. H. DuckworTH AND R. 
BR RI, es Dat ly ae SR ae 
Lecture demonstration experiments—See 
_Chemische Unterrichtsversuche....... 
Life and yaaa of a Bengali chemist. 
D208) 2. See Rete ie 7 ae 
Lyophilic pe (their theory and prac- 
tice), The. M. H. FiscHer AND 
Cee occ ectcrtvacccahe ues ese 
Manual of practical inorganic chemistry, 
A. o MINGBNUELD. «2002. ccccces 
Manual of thesis- -writing for . yes 
and undergraduates, A. A. H. CoLe 
Ps Oe ee 
Manuel de chimie analytique qualitative 
minérale. P. WENGER AND G. GuT- 


Manufacture of soda. TrE-PAN Hov.... 
Materia medica, Merck manual of thera- 
WEE gore Conc cct cakemaceate 
Materie, Struktur der (Structure of mat- 
pe) rrr rrr 
Matter, The electronic structure and 
properties of. C. H. D. CLARK...... 
Merck manual of therapeutics and ma- 
Co ee errs 
Metalle, Zur Geschichte der, in den 
amtlichen deutschen Arzneibiichern. 
i CI Gc odadsccdetdcverescanes 
Metallurgy, Principles of. 
DELL AND G. E. DOAN........--s008 
Microscopes for student and research 
work, New series of. 
Minérale, Manuel de chimie analytique 
qualitative. P. WENGER AND 
GC rs ccoctesnacsCecncunevceues 
Modern thermodynamics by the meth- 
ods of Willard Gibbs. E. A. GUGGEN- 


Natural organic 
NIBRBNBTBIN, «2.002 vc ccccccccvcces 
Nomenclature of organic chemistry, Re- 
port of the commission on the reform 
of the. A.M. PATTERSON........... 
Nutrition, The foundations of. M. S. 


On a new chemical theory and researches 
on salicylic acid. (Alembic club re- 
print no. 21.) A.S. CoUPER......... 


1000 and one,” the blue book of non- 
Chmatr heed TNs cio. cee cccccccccence 
Operationen, Die Technik der chem- 
ee SS a er 
Optics and electromagnetism, Theoretical 
physics. Vol. 2. W. WILsON....... 
Organic chemistry, A laboratory book of 
elementary. A. Lowy AND E, 
pe Perr rrr ere ere 
Organic chemistry, A textbook of. J. S. 
CHRAMIIIIL ARIE... ow ccccccscorccccccece 


Organic chemistry, nomenclature of, Re- 
port of the tommission on the reform 


of the. A.M. PATTERSON..........- 
Organic chemistry, Outlines of. F. J 
Mia ccdacevccescetccnsantne es 
Organic syntheses, Vol. 14. W.H. Hart- 
MEAN CMe bv cssiice cet cecte weneuee 


Organisch-chemische Laboratoriumstech- 
nik, Einfiihrung in die. ERN- 
Ss co ka Oo acs Cuaduereesccenss 

Organische Farbstoffe, Anleitung zum 
Schrittweisen Eindringen i in die Farben- 
chemie auf Koordinations theoretischer 
Grundlage. R. WIZINGER........--- 

Organizations, Scientific, in seventeenth 
century France (1620-1 680). H 
BIRO. ccc cccccccccdcccseccccccees 

Out of the test tube. H.N. Hotmgs.... 

Outlines of organic chemistry. F. 
ek Heder duecseaveteaneinsains 

Oxygen, The reaction between hydrogen 
and. C. N. HINSHELWOOD AND A. T. 
WEARAM iad k Haid dds Vee ediccciecer 

Physics, Handbook of chemistry and. 
OD BO ee eee 

Physics, Theoretical. Vol. 2. Electro- 
magnetism and optics. W. WILSON.. 

Physiological chemistry, Introduction to. 
M. BODANSKY.......+eee0ee eoccevcece 


431 
432 
483 
634 


633 
433 
633 


255 
431 


255 


382 

62 
531 
383 
192 
533 
191 
669 
533 
320 
128 

64 


383 


319 
670 


64 
192 


190 
433 
192 
382 


633 
633 


64 
191 
432 


634 


64 


531 
381 


191 


584 

63 
382 
533 
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Books reviewed (cont.): 
Plant biochemistry, An introduction to. 
ll oa eee Pree ee 
Practical chemistry. N.M.SHAH...... 
Practical inorganic chemistry, A manual 
of, iD. Ti, TSE ao op 002s 0008 
Principles of metallurgy. D. M. LippELL 
Pv A rer rr 
Problems, Elementary chemical theory 
IL, Fis WR RE 6 ba 90508 0 00a bone 
Qualitative analysis, Elementary. 
PR wivtiene tess 2s80enbereed 
Qualitative inorganic analysis, Aids to. 
MR. Ge, AUOTIM. .vccccsccossenessecsncs 
Quantenmechanik, Elementare Einfiihr- 
ungindie. K.K. DARROW.......... 
Reaction between hydrogen and ya 
The. C. N. HINSHELWOOD AND A. 

WEAtTAMS, 02. 002005 
Reactions in solution, The kinetics of. 
E. A. MOELWYN-HUGHES............ 
Relative importance of items of chemical 
information for general education, The. 
hf eee ere 
Report of the commission on the reform 
of the nomenclature of organic chem- 
istry. A. M. PATTERSON........... 
Research, The romance of. 
MAN AND A. V. H. Mory.. siete 6 
Review of biochemistry, Annual, ‘Vol. 3. 
ee. See errr 
Romance of research, The. 
MAN AND A. V. H. M — 
Russia, Industrialized. A. HrrscH..... 
Salicylic acid, On a new chemical theory 
and researches on. (Alembic club re- 
print no. 21.) . 
Scheele, Carl Wilhelm—sein Leben und 
seine Werke. O. ZEKERT...........+ 
Science, An introduction to the teaching 
Of. EH. R, DOWMENG. ...cccccsccccces 
Scientific organizations in seventeenth 
century France (1620-1680). H 
OT TeT ERT ee Oe re 
Second year chemistry, Exercises in. 
Wy AEs ROIOIN 5 0 09:0 6009104.00 005 2000s 
Seventeenth century France, Scientific 

organization in (1620-1680). 
errr rr rr 
Hydrides of boron and. A. 


Soda, Manufacture of. Tr-Pan Hou... 
Solution, The kinetics of reactions in. 
E. A. Moetwyn-HuGHES...........- 
Struktur der materie (Structure of matter). 
Fe NL, cc.ccasctceresetceenn sense 
Sub-atoms, The. W.M. VENABLE...... 
Survey, Annual, of American chemistry, 
Volume VIII, 1933. C.J. West...... 
Syntheses, Organic. Vol. 14. W. H. 
PN SORE PTET eer 
Synthesis, Asymmetric, and asymmetric 
induction. P. D. RITCHIE........... 
Tables, Easily interpolated trigonometric, 
with non-interpolating logs, cologs, and 
antilogs. F. W. JOHNSON........... 
Tannins, The natural organic. M. 
i | PPC Lore ee 
Teaching of science, An introduction to 


the. E.R. DOWNING..............+.% 
Technik der chemischen Operationen, 
DOO, Wi; MA ccc ccs cccvvecvicss 


Test tube, Out of the. H. N. Hovtmes.. 
Textbook of inorganic chemistry, A. 
ae 0. Ey errr 
Textbook of organic chemistry, A. J.S 
RNULILEIN 55:5 616-5:4 Opa ash aiesenes 
Theoretical physics. Vol. 2. Electro- 
magnetism and optics. W. WILSON.. 
Theory and problems, Elementary chemi- 


Bee ls MI concn pnsaseecacees 
Therapeutics and materia medica, Merck 
Me cerasn se base ss CL eran bees a 
Thermodynamics by the methods of 
Willard Gibbs, Modern. E. A. Guc- 
RR Air ee ee s- 


Thesis-writing for graduates and under- 
graduates, A manual of. A. H. Cote 
AND KE.. W. BIGELOW...........0220% 

Tools, a simple course in apparatus mak- 
ing and the use of, The laboratory 


workshop. E. H. DuCKWORTH AND 
ig PES WA'o 5453 phe blames soak aa 
Trigonometric tables with non-inter- 


cologs, and antilogs, 


polating logs, 
F. W. JOHNSON. . 


Easily interpolated. 


Unterrichtsversuche, Chemische. 

i FST EL eee ee 
Valerius Cordus, Das Dispensatorium 
CD hn 056 bid BEd Ka CERES LES 008 64 BES 


Vitamin D supplements for poultry, Anti- 
rachitic activity of. A. HALVORSON 
AND L, L. LACHAT.......000. eovccces 

Volumetric analysis. H. P. STARCK..... 

Water supplies, The industrial utility of 
public, in the United States, 1932. 
W. D. Cottins, W. L. LaMar, AND 


634 


62 
128 
383 
432 
383 
320 


584 
483 


383 


64 


670 

62 
433 
190 
483 
431 


531 
431 


531 


256 
192 


483 


191 
382 


531 
432 
382 


320 
670 
431 


192 
381 


381 
633 
382 
383 


319 


- 


531 


255 


320 
431 
584 


433 
532 
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Books reviewed (cont.); 

Workshop, The laboratory. A simple 
course in apparatus making and the 
use of tools. E. H. DuckworTH AND 
re heer ee 

X-rays and electrons, Diffraction of, by 
amorphous solids, liquids, and gases. 
Ja: Fra Ns 06 605.004 40's vines ee tate 


CADMIUM sulfide, precipitated, The 
color of. W. J. MUu.ier anv G. 
EAE TAI ois. icin 5 50s URES 

Calcite, Simultaneous standardization of 
0.1 N HCl and NaOH using. A. J 
pT ae errr re 

Calculation of numbers of isomeric paraffins. 
S. M. Curistian (Ar) 

Camera and black light find new mystery 
metals, The. S. GuEAsON (Ab) 

Candle, Evolution of the. G. G. Lewis (Ar) 

Candles and glycerin, Demonstration of the 
manufacture of. H. ROmiscH (Ab).. 

Carbohydrates, 1. Progress report in the 
field of physiological chemistry since 


1929. Natural products. H. 
GM EAI 5 05050 hao csehaked cn aiies 
Carbon black, Pink potash and. W. 
pO a ere eee ee 
Carbon dioxide, The applications of solid. 
F. Heywoop Din 6s PORES EERE ES 


Carbon dioxide content of sodium carbonate 
and sodium bicarbonate, A simple proof 
of the different. A. RossNER (Ab)... 

Carbon resistance, Variable. A. G. FRUE- 
HAN AND C. L. MEL (Ar).........-. 

Carbon tetrachloride, Recovery of. MEN- 
FS ae McC.urg, AND HUNTSINGER 


Carotene = human health, The réle of. 
A. F. O. GERMANN (Ar) 
Com _paint—See From astonished cows 


Cashew-nut paint. ANON. (Ab).......... 
Cast iron fights back. ANON. (Ab)....... 
Cavendish, A note on, from Farington’s 

diary (Ar) 
Caventou and Pelletier, Statue of (P)..... 
Cellulose—See A raw material for many uses 


TS Ee Ee OPEL BOS IE? 
Cellulose acetate. ANON. (Ab)........... 
Cellulose, Phenol supplies and. H. LEvin- 

STEIN (Ab) 
Cement clinker, The nature of portland. 

H. G. Fisk (Ar) 
Census of graduate students in chemistry 

and chemical engineering, 1933, The 


tenth. C. Hutt ann C. J. West (Ar). 
eae ee re 
Centenaries in 1934, Scientific. E. C. 
UNE CO co dcdede¥essecedeeauawes 


Centenary, Mendelejeff. E. SwaTLowsky 
Century of progress in chemistry, A. A. B. 
Lams (Ab) 
Century of eo in the paint industry, 
A. G. B. Hecker (Ar) 
Ceric ae cong pitas wee eee haa eR ERE 
i = A new volumetric oxidizing agent 
Epc cadesthin sanaaebab bales ens ere «06 
Cesium salts as reagents in inorganic mat- 
ters. H. Yacopa (Ab) 
Chaniler. Charten Fis 566 hi ccs cada 
Chandler chemical museum at Columbia 
University, The. R.H. McKeg, C. E. 
Scott, anp C. B. F. Youne (Ar)...... 
Changing world and the curriculum, The. 
ee a ae 
Chapters in crystal chemistry for freshmen. 
I 


Crystalline fibers. C. W. STILL- 
WEP TED oo rcatte aes 635 Seka at aks 
Charcoal, Iodized, as protection against 


mercury poisoning. A. Stock (Ab).. 


Chaties, Fok Gees 6 04 xt hewn iene ed 
mene? i new periodic. I. W. D. Hacku 
Chart illustrating organic reactions of the 
aliphatic series. C. R. Hauser (Ar).. 
Chemical action of X-rays, The. P. Gin- 
WL ocxene Cea whnens.¢ $2108 004% 
Chemical drawing. E. M. Hosnaui (Ar) 
Fundamentals of chemical drawing. 

II. Conventional representation of ma- 
terials and equipment................ 

III. Arrangement of drawings......... 
IV. Charts, graphs, and diagrams...... 
Wi.) I 5 ono SUNY es 5 aula’ 
Chemical education, What’s wrong with? 
Ta. Pr, a OE CAE). og Phin SG oD eines 
Chemical education of the non-collegiate 
type, Report of the committee on. 

R. E. Bowman (Ar) 
Chemical engineering builds a synthetic 
aliphatic chemicals industry. Eprrt. 


Deere Mevore (Ab). ..5 5.03 ics c cance 
Chemical engineering in the movies. 
DD <5 6 cdo: dalknntebheyn owen 


669 


60 


245 
51 


188 
367 


482 


482 
631 
481 


430 
187 


126 
659 
13 
429 
61 


153 
213 


126 
668 


60 
195 
471 
542 
254 
668 
189 


487 
582 


466 


317 
276 


275 
127 
159 
380 


New professional re- 


Chemical engineers, 
H. C. PARMELEE 


sponsibilities for. 

Chemical engineers, Training—See What 
about my Pg] Asks John Jones, B.S. 
in Ch.E., Ab) 

Chemical we tl What training industry 
expects of chemists and. W. 
po ET 9 ee ee eee 

Cone exhibition, A. A. T. LINCOLN 

Chemical future, The. ANon. (Ab)....... 

Chemical industry must face new labor 
— and policies. E. C. EckEeL 


Chemical physics, Research conferences on. 
Chemical potential and alkalinity. W. D 
Bancrort (Ar) 
Chemical problems in the fine arts. 
GeEtTTENS (A) 
Chemiluminescence, The oxidation of 3- 
aminophthalhydrazide (‘‘luminol’’) as 
a lecture demonstration of. E. H. 
Huntress, L. N. STANLEY, AND A. S. 


pO ee Ae era A 
Chemistry, Some recent advances in. W. 
oe 2 rr ae 
Chemistry and chemical arts in ancient 
e Egypt. L.E. Warren (Ar) I........ 
Chemistry assembly programs. O. 
POWELL RES At ai ree 


Chemistry at Tech. T. L. Davis (Ab).... 
Chemistry club project in photography, A. 
pM ee Ee ere 
——— in old Boston. L. C. NEWELL 
Chemistry in Spain. M. L. Foster (Ar).. 
Chemistry in the pulp and paper industry. 
F. W. Apams (Ab) 
Chemist-tourist in Germany, 
ScHIERZ ( 
Chevreul (P) 
Chicago, The University of, Summer lec- 
RUIN Go ca ons. Gas fsa oie eeaneaies 
Children of depression. 
pS A)  Perrererrrre ri cis 
(alae al€hemist of the fourth century, Ko 
mee (Pao P’u Tzu). T. L. Davis 
“Chinese alchemists, The apparatus, 
preparations and methods of ancient,” 
by Y. Y. Ts‘ao. W.H. Barnes (Ar).. 
Chee, Home tests show strange nature 
of. R. B. Warss (Ab) 
Chlorophyll—See Life’s greatest chemical 





Chlorophyil, Blood pigments and. Progress 
report in the field of physiological 
a since 1929. A. TREIBS 
| EEA SRR it ee a 

Cholesterol, Contributions to our knowledge 
of. S. Minovicr AND M. VANGHE- 


NI TNT 6.6.6:0os ec od.c-0e Chase ep cess 
Christ as apothecary of the soul. C. H. 
EAU Is 5.4:5 96.0 5 uk ee owes + a. 
Chromatic gels, Note on the formation of. 
M. A. MILugrR (Ar)..........--005 


Chromic ions by hexamethylene tetramine, 
The precipitation of aluminum, ferric, 
and. L. LEHRMAN AND E, A. KaBAT 


(Ar 
Chronological age of highly intelligent 
freshmen, The. H. PATTERSON (Ab) 
Cigaret smoking, The effects of, upon the 
blood sugar. H. . HAGGARD AND 
L. A. GREENBERG WOR areca cans 
Class exercises in the industrial chemistry 
course. K. A. Kose (Ar) III. Re- 


search and product development...... 
IV. Advertisements and manufacturers’ 
I 5555 5:0-37b0.0'60s 569 v4.5 emiels.s 46-0 
V. Specifications aS Be Pee ee 
VI. Transportation of a chemical...... 
Classics of science: Uses of food. W. O. 
Re CIN sia os vag sine ons bse 8.8 
Classifications of the elements, Types of 
graphic. QUAM AND a 
Quam (Ar) a Introduction and short 
| SE ts Se rere rw rire 
| ee TY Sarria 
III. Spiral, helical, and miscellaneous 
ME 6-604 cr nates Gans Kohn eaeeacs 
Cleaners and spot removers, Fabric. C. S. 
BEES RR Ps AS 
Clear soup. Awnown. (Ab)..............-. 
Cleveland meeting of the Division of Chemi- 
cal Education, The (Ar)........... 447, 
Clinker, The nature of portland cement. 
H PME os a's. ban 6ie:8 9.4 oim a ht 
Club, A science, to vitalize science teaching. 
W. C Biren CAR)... ccc cc ccces 
Club project in photography, A chemistry. 
RE PR et) re 


Clubs, The junior science. M. MEISTER 
CONN. aca kc quinn d eels tale oh ew eels game 
Coal mine in a museum, F. THONE (Ab).. 
Code, Shall we throttle invention by? C. 
Frevp (Ab) 


655 


32 


583 


522 
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Colleges and national recovery, The. Educa- 

tional discussion. R. L. KE_iry —e- 
Colloid chemist. R.SzymMaNnowrtz (Ab).. 317 
Colloidal graphite. ANON. —. 126 
Colloids in biochemistry. R. ’ GorTNER 

Cone ci2 seers ahs adiees Wa deals 279 
Color, An electric eye for. ANoNn. (Ab).. 429 
Color measurement. S. Fawcett (Ab). 317 
Columbia University, The Chandler chemi- 

cal museum at. R. H. McKes, C. E. 

Scott, anv C. B. F. Youne (Ar)...... 275 
Column, fractionating, Demonstration of. 

Areply. G. R. Ropertson (C) 
Committee on chemical education of the 

non-collegiate type, Report of the. 

Re. B BOWMan CAs) coco ec ct cce ks 54 
Committee on chemistry libraries, Report 


bo 
a 


of the. V.S. Cup, W. A. NoyvEs, AND 
ME Oh) eae CBB. iii Fo ct cuaes 114 
See also..... Ne caer Cun Te Chor aa ene 56 


ns projects. H. L. Davis 
Ar) 


Comparison of some physical _ chemical 
atomic weights. a BAXTER 
lO 6 CARS 7 aes cs, Se tes en ee 441 
Conductance process in ionic solutions, An 
experiment to illustrate the mechanism 


of the. L. G. Loncsworrn (Ar)..... 420 
Conductivity apparatus, Inexpensive. A. 
J. CURRIER AND J. S. Buser (Ar)..... 629 
Conference plan of teaching general chem- 
istry, The. A. T. BAWDEN (Ar)...... 618 
Conserving platinum wire, A scheme for. - 
. &.. 2 ere 423 


Constant-level siphon for a hot water bath. 
. YouE AND C. G. KecKuEerR (Ar).. 462 
Construction trends, Materials of. L. T. 


Contributions to our knowledge of cho- 


lesterol. S. Mrnovicr AND M. VAN- 

GU NOE CABS oo ec on ooo hace ads 637 
Convenient, inexpensive constant-tempera- 

ture bath. R.E. Dunpar(Ar)....... 627 
Convenient source of alpha rays. D. L 

GUNES f deeadccasoupeesiiaceses 313 
Convenient water still, A. J. G. Hoorry 

AND N. W. F. Puituips (Ar).......... 376 
Cooling effect of evaporation. A. L. 

pT ey |) er err eee 251 
Conn) oxygen-free—See OFHC, etc. 
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Corrosion, New checks on. ANON. (Ab).. 631 

Corrosion resistance, Rubber ee for 
abrasion and. L. Caurcu (Ab 
Cosmas, St., and St. Damian, patron saints 
of medicine and pharmacy. C. H 
EAWAME CHE Sac ccec ese eee se paes cus 555 
Counterpoising watch glasses. C. s 
SEE CMS as oc ee cc hacaceyees 502 
CO AOE Tatas caaivecs ce cices ote aes 332 
Couper quest, The. L. Dossin (Ar)...... 331 
Course, industrial chemistry, Class exercises 
in the. K. A. Kose (Ar) III. Re- 
search and product development...... 40 
IV. Advertisements and manufacturers’ 
WINGS os Feu ecty rasan desea tce 
_<_ Cer e e108 
VI. Transportation of a chemical 
Course in the use of radioelements as indi- 
cators, A. C. Rosensium (Ar 
Courses in chemical microscopy at Cornell, 
RE a OIE at SSE EP ee 
Cows, From astonished. ANON. (Ab)..... 429 
Crime detection tests for the home chemist. 
eh as ear rrr 
Crum Brown, Alexander—See Fifty years 
one in the Royal Society of Edinburgh 
ocr cwcucals sae e feteee Ke satel 
PRE icin cece Wenonuees baeeh ees 333, 338 
Crystal chemistry for freshmen, Chapters 
in. IV. Crystalline fibers. Ww. 
ETRE WEE CER, ose cs ak sea eee ass 159 
Crystal growth—See Special exercises for 
— in general chemistry. III 
Wo ocics's oe lvoe mies Cccr ste tale «ie 
Crystals of sodium chloride—See Growth of 
salt flowers on coal and other solids 





Crystals of sparingly soluble salts, Prepara- 
tion of. W. C. FerRNeLtus AND K. D 


TRICE; iin a Sas on cas eee 176 
Curricula; 
A course in the use of radioelements as 
IN Ca ni bos occ den tieteees.e 622 
A program for organic chemistry in the 
liberal arts college (Ar).............. 233 
A proposed rearrangement of the subject 
matter of el tary try (Ar).. 609 











A system of unknowns and grading for 
quantitative analysis...............-. 

Class exercises in the industrial chemistry 
ee CET... ccaaewen PR rt a , 108 

Intensive study for undergraduates (Ar). 516 

Science in the new secondary school (Ab). 583 

Trends in science teaching (Ar)........ 540 


Undergraduate organic laboratory ow. 


istry (AL)... .ccccessccccescens 180, 184 
What training industry | expects of pea 
ists and chemical engineers (Ar)...... 208 


Why wee students do not elect chemistry 

Curriculum, The changing world and the. 

T. H. Brices (Ab) 
Curriculum of a college for women, The 
place of physiological chemistry in the. 

DE; ©; MOSER CA ci cicacs Se ceisicccwces 189 


DAMIAN, St., and St. Cosmas, patron 
saints of medicine and pharmacy. C. 


pA 7 ere 555 
Daniel Rutherford and the discovery of 

nitrogen. M. E. Weeks (Ar)........ 101 

ee | eer 314 


Data on chemical raw materials for process 

industries, New. ANon. (Ab) 
Davy lamp, Experiment to show the prin- 

ciple of the. F. FAIRBROTHER (Ab).. 481 
De Wineat, BoC. ccvvicdecnvictcdces 414, 417 
De Elhuyar brothers, The scientific con- 

tributions of the. M.E. Weeks (Ar). 413 
Death mask of Justus von Liebig, The. R. 

SRI CIRR as ery 5: eal Ga Vinee asa 
——, aqueous solutions of acetic 

acid. F. Orumer (Ab)........... 
De-inking po reprocessing paper ac- 

complished by new method. S. D. 





I MI nha cn cla canbe aaa ha Oe 253 
Oa SS BS ay) een ere 415 
aber  Yrematy perfumes, C. LrEverRock 
Demonstration experiments: 
ba A of NazCOs and NaHCO; 
Chemiluminescence (Ar)............... 142 
Chemische Unterrichtsversuche (B)..... 431 
Ciepmiatic gele (As)... sc. cecccccss ws 32 
Cooling effect of evaporation (Ar) 251 
Demonstrating perfumes (Ar)........... 20 
Liesegang phenomenon (Ar)............ 346 
Oxidation of ammonia to nitric acid (Ar). 575 
Oxy-hydrogen soap bubble pipe (Ar).... 113 
Se I Ca Fino on choo vac cadices 409 


See Wass, R. B., in author index. 

Demonstration experiments, Unusual. J. 

O. FRANK AND G. J. BARLow (Ab).... 317 
Demonstration of fractionating column. A 

reply. G. R. ROBERTSON (C) 
Demonstration of the industrial manu- 

facture of phosphorus, Directions for 

the laboratory. K.KELLERMANN (Ab) 430 
Demonstration of the manufacture of 

candles and glycerin. H. R6miscH 

RM ciccearowaueusinenveteuses 482 
Demonstration of the preparation of 

bromine from bittern. W. B. SANFORD 


Mecsas asin atk Somedntey nae 377 
Demonstrations, Note on oxygen. J. I 
dl Sowa ue s-sinace eeneeeen ie 54 
Demonstrations on air protection, Chemical. 
| OS eee 
Depression, Children of. Chemistry in 
3 pO a ee 316 
a ee ere 597 
Did Priestley resign his fellowship of the 
Royal Society? R. A. M. Drxon jie 


(Ar 
Discovery and early history of platinum in 


Russia. B. N. MENSCHUTKIN (Ar).. 226 
Discovery of rhenium, The. sa 
BM CG aocs > andes eacrestrecs 59 
Distillation, fractional, The laboratory 
bubbling column in the teaching of. 
Ca ee! ee ee 424 
Distillery, Continuity of operation a fea- 
ture of modern alcohol. R. R. 
CRRA CA neiek es ons ositino-nee 430 
Division of Chemical Education, A. C. S.: 
Chairman R. EB. Swaim..........-...20- 654 
Committee reports: Chemical educa- 


tion of the non-collegiate type 
a, a eerie 
Meetings: Cleveland—Program.... 
A 8 a, Seas 
St. Petersburg—Program 
cg fee 
Débereiner, J. W. (P) 
Donnan, EON ras cere ss 35 xs eae Cues 
Drawing, Chemical. E. M. Hoswaty (Ar) 
I. Fundamentals of chemical draw- 
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Il. Chanisnabtinal representation of ma- 
terials and equipment................ 23 
III. Arrangement of drawings.... 154 
IV. Charts, graphs, and diagrams. -. 235 
VU. I. pn catincn cannes cee 546 
Dumas, DS As 5 a ee ek eee 459 
Dwight, Timothy (P)........cccccces ea. | ee 
EASILY constructed tangent meter. R.M. 
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Economic and technical factors in chemical 
plant location. J. H. Perry anp C. 
WHR CININD cn on 04's os accuse bas 668 

Economic aspects of chemical process de- 
velopment, Some. C. TyLer (Ar).. 344 


OE OPE EE ECE 2, 65, 130, 
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. F. TAYLOR (Ar) Ce ae er et ee 
The. 


po Ee ee 318 
Educational discussion. The colleges and 
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WOME ots cau cb eves Ucaids oie caw tsa 254 
Egypt, Chemistry and chemical arts in 

ancient. L. E. WARREN (Ar) I...... 146 
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Electric eye for color, An. ANON. (Ab)... 429 
Electric light bulbs into chemical glassware, 
How to convert old. R. B. WarLes 

CRN Gincdecs veevicdoceeuseweer ees 189 

Electric tongue, An. ANON. (Ab)......... 317 
Electrometric titration and neutralization 
reactions. I. General principles. C. 

MorTON SUK sie 6 ata ae aaa 482 
Electron in organic chemistry, The. III. 
KwrarascH, O. REINMUTH, AND 

R. F. Mayo RMeRG th ccds.aceundseandcas 82 

Electrynx—See An electric tongue (Ab).... 317 
Elementary chemistry, A proposed rear- 
rangement of the subject matter of. 











G. WaKEHAM (Ar) ashe on Wie kore dias 609 
El ary try, From concrete to 

abstract in. G. WAKEeHAM (Ar)...... 168 
Elementary chemistry, Future trends in 

the teaching of. J. A. Trimm (Ab)..... 189 
El tary chemistry, Quantitative experi- 

ments in. III. The law of multiple 

proportions. R. D. BiLuinGer (Ar).... 303 


Elements, “— of graphic classifications 
of the. N. Quam anpD M. B. Quam 

(Ar) 2 pt and short tables. 27 

BE EAM CUNO boc cep eunccrdencace 21 


III. Spiral, helical, and miscellaneous 
GU aire Ce cuttc scooter ct hecoess 8 
Emeralds. J. W. Howarp (Ar).......... 323 
Engineering, Chemical—See Chemical engi- 
neering. 
Engineering education, Trend in. A. A. 
I oon ek cmannccad ade 318 


Equation for converting volumes to stand- 

ny ee Simple. H. E. Stravety 
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Equation of state o a perfect gas, The. 
R. ROSEMAN AND S. Katzorr (Ar).... 350 
CER a lavas cae adeaheedad anaes 408 
Equations slgarelcally, Balancing. 


pe reer errr ee 125 
Equilibrium, chemical, Schematic tables to 
illustrate. A. S. FeperRow (Ar)...... 617 
Equilibrium constant, Active and passive 
molecules and the nature of the mass 
action. F. E. E. GerRMANN (Ar)..... 328 
Equilibrium diagrams—See The nature of 
portland cement clinker (Ar)......... 195 
Equipment design, ow to prepare for 
chemical. D. F. Ornmer (Ab)....... 430 
Essential oil industries of foreign lands, 
Observations upon the. C. A. BROWNE . 
Gide we hdd daaelia new eas auc omicee 131 


(Ar) 

Evaluating unknowns in qualitative analysis. 
H. W. Martow (Ar) 

Evaporation, Cooling effect of. 
jp he EE eer er re 251 

Evolution of nutrition, ‘ 
EE CRNNG 53 cnea6 0 6 ¥ ee ocean 

Evolution of the candle. G.G. Lewis (Ar). 367 

Examination qpiestions in pandemic chem- 
fetry.. J. RR. SAMUS CAT. 638 cc cece 232 

Exhibit of industrial chemistry for the lay- 
rey Newark Museum prepares an 


Exhibits—See “Open: house’’ programs we 494 
Experiment, A photobromination. 
WENO CI gc a 65 ne oo ae Cv eee 175 
Experiment to illustrate the mechanism of 
the conductance process in ionic solu- 
tions, An. L. G. Loncsworts (Ar). 420 
Experiment to show the principle of the 
Davy lamp. F. FAIRBROTHER (Ab).. 481 
Experiments, Demonstration—See Demon- 
stration experiments. 
Experiments, Unusual demonstration. J. 
O. FRANK AND G. J. BaRLow (Ab). 317 
Experiments in elementary chemistry, 
Quantitative. III. The law of multi- 


ple proportions. R. D. BILLINGER 

MNT OSs. OW cv. ad etidstec awa Ons-« 303 
Experiments on the formation of artificial 

smoke screens. W. FLORKE (Ab). 61 
Experiments with liquid air. H. A. Ip- 
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Experiments with nascent gases. S. D. 

pe Ce ere) eit ree 308 
Explosion hazard in coating mirrors. J. C. 
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FABRIC cleaners and spot removers. 
ee i re irr 
Faculty dismissals—See Academic freedom 
and tenure (Ab) 
CSS a 7 eee re eee eit 
Farington’s diary, A note on Cavendish 
from ( 
Fees, Laboratory. J. N. Swan (Ab)...... 
Ferric, and chromic ions by hexamethylene 
tetramine, The precipitation of alumi- 
num. L. LEHRMAN AND E. A. KABat 
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Fertilizers, nitrogen, Recent developments 
in. C. L. BurpicKk (Ab) 

Fibers, Crystalline. Chapters in crystal 
chemistry for freshmen. IV. C. W. 
STILLWELL (Ar) 

Fifty years ago in the Royal Society of 
Edinburgh. "A. W. THompson (Ab). 

Figuier, Louis (P) 


Filing small printed items for reference. 
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Fire-fighting methods, Foam: past, pres- 
ent, and future. H. S. Srmonts (Ab). 

Flammable solvents—their properties. A. 
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Flowers, salt, Growth of, on coal and other 
solids. E. C. H. Davres (Ar) 

Flow-sheets of process industries. 
(Ab 


ANON. 
Foam fire-fighting methods: past, present, 
and future. H.S. Srmonts (Ab)..... 
Fog control—See Clear soup (Ab)........ 
Food, Uses of. ‘A classic of science.” W. 
O. ATWATER RRR PERT 
Foreign trade, How the chemical revolu- 
tion changes. G. B. Roorsacn (Ab). 
Foreign trade in chemicals, Favorable out- 
look for. . CONCANNON AND 
Swirt (Ab).. os 
Freshman chemistry in America in 1850. 
J. McHenry (Ab) 
Freundlich, Professor Herbert yy ree 
From concrete to abstract in elementary 


chemistry. G. WAKEHAM (Ar)....... 
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Further applications of an old method for 
removal of iron. E. WAINER (Ar).... 
Future, The chemical. ANon. (Ab)...... 






GAS, The equation of state of a perfect. 
R. ROSEMAN AND S. KatzorrF (Ar).... 
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Gas buggies. Ason. CAD). ..... i scccces. 
Gas for city supply, Petroleum refinery. 

R. S. McBripe (Ab) 


Gas generator for microchemistry. S. 
NT ER RE re 

Gas generators, Protective device for. 
Se; BR I RED oi. :5 10.6:450 9:00 0600 

Gases, Drying, by absorption. J. 


H. 
PERRY AND H. C, Duus (Ab)......... 
Com) Mixing, with liquids. E. W. BLANK 
Gases, nascent, eee onmg with. 
HOLMES (AF).....000esescereressees 
Gases, rare, give basuty to lighting, How. 
A. NO iia 5 oto tie Br «50 0a 
Gases, Rubber = ES for dispensing. 
C. C. Hate (Ar) 
Gases and vapors, The micro-detection of. 
E. W. Biank (Ar) 
Gases and vapors with temperature and 
pressure, Determination of the change 
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ED sons eo nine 4 osm eeinse 0 
Gasoline, Application of refrigeration to the 
ata of natural. F. L. KALLAM 


ee eR So Sree rear 
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AUERBACH AND H. KAMMIN (Ar)...... 
Gels, chromatic, Note on the formation of. 
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students in. III. G. BACHMAN 
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Generator for microchemistry, Gas. S. 
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Generators, gas, Protective device for. S. 
H. Lesowirz (Ar) 
Geoffroy, Claude-Francois—See The author 


a. ‘The chemical analysis of bismuth” 
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German sidelight, A. ANon. (Ab)........ 
Germany, A _ chemist-tourist in. E. R. 


SS ORE SP ee 
Glass, Laminated safety. G. B. WATKINS 
AND W. Harkins (Ab) 
Glass, Medieval. ANON. (Ab)............ 
Glass, stucco, and mortar, Grecian and 
Roman. W. Foster (Ar) 
Glass, We may wear. ANON. (Ab)........ 
Glassware, chemical, How to convert old 
es bulbs into. R. B. WaILEs 


Glycerin, Demonstration of the manufac- 
ture of candlesand. H. R6miscu (Ab). 
Goethe the chemist. A. J. Gert (Ar)... 
es et fe ee ae 
Gold, On making. ANON. (Ab)........... 
Grades, Treatment of students earning low. 
. E. BRown AND R. R. Coons (Ar).. 
Grading for quantitative analysis, A system 
of unknowns and. W. C. PrerceE AND 

BB. L. Beams CAG) cc civciceccsansee 
Graduate research students in chemistry 
and chemical engineering, 1933, The 
tenth census of. Hutt anp C. J. 
WH Gi iackwcncsccssancassomaphes 
oe re ne ee eas 
COPRTRS VE MOMIED TED 65 0100450030 6 wean daw 
Graphic classifications of the elements, 
Types of. . N. Quam AND > % 
Quam (Ar) I. Introduction and short 
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a — helical, and miscellaneous 
PD og “Colloidal. 
Gray, Daniel (P) 
Grecian and Roman stucco, mortar, and 
glass. W. Foster (Ar) 
Growth of salt flowers on coal and other 
solids. . B.C. Fi. DAVGELAT). 60508 
Guldberg, C. - (P) 
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HABIT of scientific thinking, The. 
Moz: (Ab)... 5. 

Hales, Stephen (P) 

Halogens, The estimation and detection of 





the. A. Ad _ oS Pe ee 
ee Eg BR re 
Heat, Concenteutnt. Anon. (Ab)........ 
Heat joins the union. ANON. (Ab)........ 


Heat transfer with organic compounds, De- 
velopments in. R. L. H&INDEL, Jr. 
Hendrik, Elwood (P).......... pee evebees 
Hess, Germain Henri (P)...............-- 
Hexamethylene tetramine, The precipita- 
tion of aluminum, ferric, and chromic 
ions by. L. LEHRMAN AND E, A. 
Kasat (Ar) 
High-school chemistry teachers of South 
Dakota, Subjects taught by. R. E. 
DuNBAR AND A. MANON (ard bath vaees 
High-school science, A new interpretation 
of the functions of. E. R. Downinc 


games science teachers with a sug- 
gested curriculum, The training of. 
Be W. PanP (AD). 5. csaGow vase sssss 
High schools, Science in South Carolina. 
HITTON (Ar 
History of chemistry—See Freshman chem- 
istry in America in 1850 
History of chemistry, What a student ad 
the, may see and do in Paris. T. 
Davis (Ar).. 
Hofmann ennai 3! SEE ORD ry 
ape, Fema GP) 6 s.6.5 50-038 dn Ss 0sso 0 Hal See 
How long should a pipet drain? 
Lyon AND L. J. Brrcwer (Ar)........ 
Huang-ti, the legendary founder of al- 
CRON TR) «os Siete cat 1es,coenece 
Mumboldt; A woe GP) oak sioves'0saai0sieniars 
Hydrogen, Heavy. F. A. Puivprick (Ab). 
Hydrogen, The separation and properties of 
the isotopes of. H.C. Urgy (Ab).... 
Hydrogen and oxygen mixtures—See An 
oxy-hydrogen soap bubble pipe (Ar).. 
Hydrogen isotopes, Names for the. H. C. 
Urey, F. G. BricKWEppbE, AND G. M. 
Murpuy (Ab) 
Hydrogen sulfide, Qualitative analysis with- 


det: TB SEONEO LAE) es os) 050-08 ‘ 
Correspondence. K. V. YACOUBYAN.. 
Hydrogen sulfide precipitation. L. 


CURTMAN AND S. M. Epmonps (Ar).. 
Hydrogen two, Spectroscopic detection of 

isotopes and _ lvunmeied of. . M. 

Murpnry (Ab) 
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Hydrogenation apparatus, Pressure. W. 
H. Goss anp K. A. Kose (Ar) 
“Hydrotaphia,”” Browne’s, with a reference 
to adipocere. W. H. Barnes (Ab)... 
Hydroxides, metallic, with bases, Re- 
actions of. R. P. Szwarp (Ar)...... 


IATROCHEMISTRY, Propiophenone in. 
WW, FE. Tamra GAS). 6.5.5.5: 0s 00:0 0s 
Ice, Eutectic. ANON. (Ab)..........+.-.. 
Illumination characteristics of 
plastics. ANON. (Ab) 
Improved thermoregulator, 
Hupp te ( 
In defense of big words (E 
Indicators, A course in the use of radio- 
elements as. C. ROSENBLUM (Ar). 
Indium, A story of. §S. J. Frencw (Ar).. 
Industrial chemistry course, Class exer- 
cises in the. K. A. Kose (Ar) III. 
Research and product development. . 
IV. Advertisements and manufacturers’ 
UIE Socio oinssi5: 1s Fane 8 wece'e Vaiepeie 
ES LEO EPL REE 
VI. Transportation of a chemical...... 
Industrial chemistry, exhibit of, for the 
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Industries, Early American chemical—Sce 
Chemistry in old Boston (Ar)......... 
Industries, essential oil, of foreign lands, 
ae upon the. C. A. BROowNE 
Industries, process, New data on chemical 
raw materials for. ANON. 
Industry, Chemical, must face new labor 
oe, and policies. E. C. EckEeL 


Industry, How chemical, looks at N. R. A. 
H. L. Dersy (Ab) 
Industry, What training, expects of chem- 
ists and chemical engineers. G. W. 
THOMPSON (Ar) 
Industry’s advance in Soviet Union, Chemi- 
cal. ANON. (Ab) 
Inexpensive conductivity apparatus. 
CURRIER AND J. S. Busser (Ar)....... 
Inorganic chemistry, Designation of valence 
in. A. Stock (Ab) 
Inorganic chemistry, Progress of, 1930-33. 
Kiemm (Ab) 
TOO CONE BUREMOEES «0:06.06 0. 6 ¥.0tceiebvee'sicie 
Instruction, chemical, covering 1931 and a 
part of 1932, Statistical data for. F. 
HorMan (Ab) 
Intellectual obligation, The supreme. J. 
Dewey (Ab 
Intensive study for undergraduates. 
OEE ES ORE AL as 
International Congress, Ninth, at Madrid. 
Strone (Ar) 

Intelligence—See Are chemistry students 
more intelligent than others? (Ar). . 
Interpretation of the functions of high- 

school science, Anew. E.R. DowNING 


Introduction to sensitized photochemical 
reactions, An. R. LivrncsTon (Ar).. 
Invention by code, Shall we throttle? C. 
EN coh rahe Ges seman ace ere 
Todized charcoal as protection against 
mercury poisoning. A. Stock (Ab).. 
Iron, Cast, fights back. AwNon. (Ab) 
Iron, Practical and mystifying home tests 
you can make with. R. B. WAILEs 
Iron, pA of, Further applications of an 
old method for. E. WAINER (re 
Iron, The gravimetric determination of, 
Laboratory instructions for students of 
quantitative analysis. I. Kunz 
anp G. S. Bamwey (Ar)..........00085 
Isomeric paraffins, Calculation of numbers 
of. 5S. M. Curistran (Ar)...... 
Isopropyl alcohol to acetone, Oxidation of. 
E. C. Wacner (Ar) 
Correspondence.............- 
Isotopes, Names for the hydrogen. 
Urey, F. G. BricKWEDDE, AND G. M. 
Murry aac <a ase Seana 0, 6.8 
Isotopes, Spectroscopic detection of, and the 
discovery of hydrogen two. G. M. 
Murpay (Ab) 
Isotopes of hydrogen, bag separation aad 
properties of the. . C. Urey (Ab). 
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Kjeldahl and the determination of nitrogen. 
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Laboratory devices, Notes on simple home- 
made. H. H. FILLINGER oe 554 
Laboratory fees. J. N. Swan (Ab)....... 189 
Laboratory for chemical research, A private. 
HELME (Ar)......-00--s.eeeees 
Laboratory instructions for students of 
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metric determination of iron. A. H. 
Kunz ano G. S. Batwey (Ar)......... 247 


Laboratory work, Scientific method in 
general chemistry. I. D. Gararp (Ar). m 
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Lavoisier’s early work in science. 1763- 
1771. Part II. A. N. Mevtprum (Ab). 317 
Law of multiple Proportions, The. Quanti- 
tative experiments in elementary chem- 
istry. III. R. D. Brtyincer (Ar).. 303 
Lead chamber sulfuric acid Pray Scenic 
model of. R. C. Brown (Ab)....... 482 
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WOR MMR ois cc aa iareicls.c slelOmcGsrg i's bac BE oe 56 
sees: Justus von, The death mask of. 
~— Ar) Pere Te oe et Cee Oe - 503 
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Liesegang phenomenon applied to banded 
malechie, The. . J. HARTMAN, 
W. KANNING, AND F.G. Kuge (Ar). 346 
Life, Some chemical aspects of. > (Oe 
HOPRING CAB) iii eee ciealvesee 127 
Life’s greatest chemical. ANON. (Ab). . 60 
Light, Unseen. ANON. (Ab)............ 429 
Light bulbs, electric, How to convert old, 
inte chemical glassware. R. B. WAILES en 
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Linoleum, Manufacture of. G. B. Cooks . 
Lipoids, 4. Progress report in the field of 
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Natural products, E. KLUEK (Ab). . 482 
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Liquid ammonia research in 1933—a review. 

bE ere are 339 
Luminol—See The oxidation of 3-amino- 
phthalhydrazide (‘‘luminol’’) as a lec- 

ture demonstration of chemilumines- 
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MADRID, Ninth international congress at. 

Ry SHRI HB). 6 ieee coeeees 510 
Magnesium ammonium phosphate—See 

What starts precipitation from a super- 

saturated solution? (Ar)..........+5. 624 
Magnesium on steam, Action of. J. D. 
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Malachite, The Liesegang phenomenon ap- 
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NO ay Joseph Frank (P)............ 
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Mendeléeff, D., The 100th birthday of. P. 
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protection against. A. Stock (Ab)... 
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Methanol and other anti-freeze agents, 
Comparison of. T. C. ALBIN (Ab).. 
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Microchemistry, Gas generator for. s. 
SUSSMAN Ar) Pb AUS re ora eke neelies 
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Minerals, Non-metallic. Anon. (Ab)..... 
Mirrors, Explosion hazard in coating. J.C. 
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nature of the mass action equilibrium 
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Monuments and memorials to German 
chemists—See A chemist-tourist in 
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Mortar, stucco, and glass, Grecian and 
Roman. W. Foster (Ar)............ 
Movies, Chemical engineering in the. 
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Museum, Newark, prepares an exhibit of 
industrial chemistry for the layman 
A 
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NATIONAL socialism and chemistry. H. 
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Nicotin, How much, is converted into smoke 
during the smoking of cigars or pipes? 

L. NaGy anv L. Barta (Ab)...... 481 
Niobium, Analytical chemistry of tantalum 
Sm. VBC WARE CAD ccc ccccecccss 
Nitric acid, Oxidation of ammonia to—a 

demonstration. A. Haut (Ar)....... 575 
Nitrogen, Daniel Rutherford and the dis- 

covery of. M. E. Weeks (Ar)....... 101 

CONNOR ROT. conse cn ceccceustesucees 314 


Nitrogen, Re wir and the determination 
of. ea 0) See 
Nitrogen gE ng Recent developments 


a) a) ee 253 
Nobel centenary. ANON. (Ab)........... 127 
Nomenclature—See The pronunciation of 

chemical words (Ar)................. 454 
Non-metallic minerals. ANoNn. (Ab)...... 126 
Non-planar surfaces, Area determination of. 
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Note on Cavendish from Farington’s 
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Note on oxygen demonstrations. J. I. 
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aes * se the formation of chromatic gels. 
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Notes on simple home-made laboratory de- 

vices. H. H. FmcinGer (Ar)........ 
Notice to authors of papers............. 534, 671 

Novel weighing procedure, A. E. W. 

ig 6 Fe onto vies wn sha ose ce 529 
Nucleic acids. Progress report in the field 

of physiological chemistry since 1929. 

H. Breperecek (Ab)..............02. 530 
Nutrition, A century of progress in the 

chemistry of. H.C. SHERMAN (Ab).. 61 
Nutrition, The evolution of. J. G. ARcur- 
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OBSERVATIONS upon the essential oil 

industries of foreign lands. C. A. 
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Ohm, Simon, Grave of (P)............... 18 
Oil industries of foreign lands, Observa- 

tions upon the essential C. A. 
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Olefins, The mechanism of the polymeriza- 
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On preparation to deal with soluble silicates. 
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Oinenie chemistry, The electron in. III. 

. KHARASCH, O, REINMUTH, AND 
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Organic chemistry in the liberal arts college, 
A program for. J. B. CULBERTSON 
Organic compounds, Devetapeente in heat 
transfer with. R. L. HeINpDEL, Jr. 
Organic laboratory chemistry, Under- 
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Chart illustrating. C. AUSER 
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The. I. D. Gararp (Ar) 
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Osmosis—II. W. L. Francis (Ab)...... 
Osmosis, osmotic pressure, and osmotic 
work, A simple presentation of the 
concepts of. A. W. Davipson (Ar).. 
Ostwald and van’t Hoff (P).............. 
Ostwald-van’t Hoff photograph and other 
memories of Ostwald’s laboratory, The. 
i "Es ee eee ee 
Our chemical cornucopia. ANON. (Ab).. 
Oxidation of 3-amino-phthalhydrazide 
(“luminol’’) as a lecture demonstration 
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Huntress, L. N. STANLEY, AND A. Ss. 
Parker (Ar)...... eedeeelelcuevetes 
Oxidation of ammonia - ie acid—a 
demonstration. A. 
Oxidation of isopropyl! alcohol to acetone. 
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Oxidation-reduction scale, An. E. §S 
spc cecesnarsen wed seeeee 520 
Oxidizing agent, A new volumetric. P. 
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Oxygen demonstrations, Note on. J. I. 
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Oxy-hydrogen soap bubble pipe, An. H. 
M. ULLMANN AND T. H. HazLeEnuRsT, 
eS Ree Pr Cree eee 113 
PAINT, Cashew-nut. ANON. (Ab)...... 253 
Paint industry, A century of progress in the. 
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Paint industry, The modern trend of the. 
eG ea errr re 
Pandemic chemistry, Examination ques- 
tions in. J. R. Sampey (Ar)......... 232 
Pao P’u Tzu (Ko Hung), Chinese alchemist 
of the fourth century. T. L. Davis 
Rr rer ee 
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complished by new method. S. D 
SE noc ey ra se owe bes wah 6 5 253 
Paper, New developments in pulp and. 
Epit. STAFF Report (Ab)............ 668 
Paper in scholarly publishing, The use of 
permanent. S. T. FARQUHAR (Ab). 583 
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Paris, What a student of the history of 
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Pasteur at Lille. G. BERTRAND (Ar).. 614 
Pelletier and Caventou, Statue of (P).. 213 
es 7 Demonstrating. C. L EVEROCK 20 
Periodic chart, A new. I. W. D. Hackxn ~ 
Periodic law, Mendeléeff (1834-1907) and 
oe a ty A ore ree 317 
Perkin Medal, The, 1933. ANon. (Ab)... 482 
Petroleum—See Our chemical cornucopia 
STS ites anise 5 So be ee oes Rane os 631 
Petroleum, Resins from. AwNoNn. (Ab)..... 429 
Petroleum, Synthetic resins now made from. 
Ve Cee tS ere rere 80 
Petroleum chemical industry, What are the 
prospects of a? C. Eris (Ab)....... 530 
Petroleum industry, maker and user of 
chemicals. A. L. Davis (Ab)........ 380 
Petroleum industry in 1933, The. R. 
IE RIE oeccbaVnda sevotn ewes 668 
Petroleum refinery gas for city supply. R. 
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Pharmacy—See Christ as apothecary of the 
ee: RR RES ee ee ee 77 
Pharmacy, St. Cosmas and St. Damian, 
patron saints of medicine and. C. H. 
PCO | YS ee oer ere rere 555 
Pharmacy, The Virgin Mary as the patro- 
ness and protectress of. H. La- 
ES Sere Sr ee ree eer 463 
Phenol resin equipment in chemical indus- 
tries. W.H. Apams, JR. (Ab)....... 631 
Phenol sup a and cellulose. H. LEvin- 
Bt eases eer 60 
Philately A nneh chemistry. H. F. ScHAEr- 
Se ee ene eee 259 
Philosophical chemist, The (E)........... 386 
Phosphorus, Directions for the laboratory 
demonstration of the industrial manu- 
facture of. K.KELLERMANN (Ab).... 430 
Photobromination experiment, A. W. W. 
SINNED. 5 6-6 orn'e 0k s na see's obec a 175 
Photochemical reactions, An introduction 
to sensitized. R. Livincston (Ar)... 400 
Photographic centenary, A. ANON. (Ab). 632 
Photography, A chemistry club project in. 
L. J. FLiepNner (Ar).. 20 
Physiological chemistry in the curriculum 
of a college for women, The place of. 
eS a | eee 189 
Physiological chemistry since 1929, Progress 
report in the field of. (Ab).. . .482, 530 
Pink potash and _ carbon black. Ww. 
EN SS Pee eee ere 631 
Pipe lines, Protecting underground, against 
soil action. K.H. LoGan (Ab)....... 
Pipet drain, How long should a? B. I. 
Lyon AND L. J. BrrcHeR (Ar)........ 470 
Pipets, Safety bulb for. T. S. GARDNER 
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Plant location, Economic and_ technical 
factors in chemical. J. H. Perry AND 
Oe ae) ES Re tee eee 668 
a their genesis. G. T. MorRGAN 
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their uses. W. J. JenKINS (Ab)...... 61 
Plastics, organic, Illumination character- 
istics of. Anon. (Ab).....6......6. 
Plastics: their use in dentistry. C. S 
KDR TINS. To si2 5 5 deb sible Bisie 6 Some 61 
Plastics: the phenolic type and their uses. 
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Platinum Pen, A scheme for conserving. 
C. W. Totren EB nc uivinchwe soteae 423 
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OAD sacs s o'ngure eM Caw Cte eae Raitt eeS 541 
Poisons, Combating occupational. J. D. 
EAI CAD) oie o's fakes ev wb sae 380 
Polymerization and apelipeminatiog of 
olefins, The mechanism of the. lhe 
WHITMORE CRI, 50a. dtenkasNeesaen 254 
Popocatepetl, Sulfur from. N. J. HARRAR 
CO RA ERT Ee 640 
Portland cement clinker, The nature of. 
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Potask, Pink, and carbon black. W. 
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Praise as an educational instrument. J. 
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Precipitation from a supersaturated solu- 
tion, What starts? J. DUNNING AND 
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Precipitation of aluminum, ferric, and 
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mine, The. L. LEHRMAN AND E. A 
TARAS CRS) 5:5 ciase ora Coes as kee 8 374 
Predicting the success of college freshmen. 
H. Epps anp W. McCatt (Ab)... 318 
Preparation of crystals of sparingly soluble 
salts. C. FERNELIUS AND D 
DOMTTANG TAG Ss caches 05 seb as sok 176 
Pressure hydrogenation apparatus. W. H 
Goss anp K. A, Kose oS 250 
Priestley, Did, resign his fellowship of the 
Royal Society? R. A. M. Drxon (Ar). 284 
Principles, Testing ability to apply chemi- 
cal. B. C. Henpricks, R. W. TYLER, 
AND F. P, Frutcuey (Ar)........... 11 
Private laboratory for chemical research, A 
Pee ee? 2 eee ee err 406 
Problem form for independent study. C.C. 
2 Pe ar or 582 
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.G. MELLON AND J. P. Meuiic (Ar). 664 
Process development, Some economic as- 
pects of chemical. C. TyLer (Ar). 344 
Process industries, Flow-sheets of. ANON. 
CRD <i.ovcduisincc.cus oe +555 alten een ees 481 
Process industries, Mercury vapor as ap- 
plied to. C. A. Hutsart (Ab)....... 530 
Process industries of the south, What and 
where arethe? R.S.McBripe(Ab).. 668 
Production of artificial radioactivity, The. 
F. BRESCIA AND R. ROSENTHAL (Ar).. 476 
Professional responsibilities for chemical 
engineers, New. PARMELEE 
cs bso Saroternlnca irkcaie we eae ere hs ea EES 254 
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arts college, A. J. CULBERTSON 
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Progress of inorganic chemistry, 1930-33. 
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Progress report in the field of aed 
chemistry since 1929 (Ab).......... 482, 530 
Project, The ultramicroscope as a student. 
A. MILLER AND W. P. KETTERER 
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Created growth CBr) 6 6ids600 Ss kee 176, 229 
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Ere eee rt ne 624 
Wood distillation model (Ar).......... 45, 479 
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Proposed rearrangement of the subject 
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Protective device for gas generators. S. H. 
gs SE ee er ll 
Pulp and paper, New developments in. 
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Pyridine, The story of the formula for. L. 
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QUALITATIVE analysis—See Hydrogen 
sulfide precipitation (Ar)............ 305 
Qualitative analysis, Evaluating unknowns 
in. H. W. Martow (Ar) 


Qualitative analysis without hydrogen 
sulfide. L. A. Munro (Ar) 
Correspondence. K. V. YACOUBYAN. 
Qualitative es without sulfides, Micro- 
chemical. GERSTENZANG (Ar). 
Quantitative ames Simultaneous 
standardization of 0.1 N HCl and Na- 
OH using calcite ( 
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and grading for. W. C. PreRCE AND 
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Quantitative analysis, Laboratory instruc- 
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metric determination of iron. A. H. 
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Quantitative experiments in elementary 
chemistry. III. The law of multiple 
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Quantum, A possible interpretation of the. 
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Radioelements as indicators, A course in the 
use of. C. ROSENBLUM (Ar)......... 
Rare gases give beauty to lighting, How. 
Be FP ee Os oak c She's oc cenegenes 
Raw material for many uses, A. A. P. 
PE IE bon cs oa Cinicagaecunys 
Raw materials for process industries, New 
data on chemical. ANon, (Ab)...... 
Dike Tee rs Ce 6 oi ba dip Wed esse koccs 
Rayon production, Controlling atmospheric 
conditions in. J. A. LEE (Ab)....... 


Rayon yarn—See A German sidelight (Ab). 
Reactions, Electrometric titration and 
neutralization. I. General principles. 
C. Morton (Ab) 
Reactions of metallic hydroxides 
bases. R. P. S—warp (Ar) 
Recent contributions to our knowledge 2 
the chemistry of vitamin A. 
Bocert (Ar) 
Recent developments in nitrogen fertilizers. 
ete a eer 
Recovery of carbon tetrachloride. MErEN- 
= McCuureE, AND HUNTSINGER 


bececcceeccveree ae 


(Ab 
eS PE 0, Fe ee er eh 
Refrigeration, Application of, to the manu- 
facture of natural gasoline. vm 


MATER CADIS. cechie soos 60,0 Oo ils wes 
TE ee OM Gian kia Sos sia eecaaccndes 
Relay. An inexpensive efficient. P. T. 

PM Gb tha Sooo 3 bod as Ca ee 3 x 
Report of the ittee h 1 





o' 

education of the non-collegiate type. 

TR, Te: OWEN BE)... ooicdciccs ce oc 
Report of the committee on chemistry 


libraries. V. S. Cutp, W. A. Noygs, 
AND Rs TD) ROD CAS). occ ce so bees oe 
ORRO irons e oer ee cies e Resiss Ue 


Research conferences on chemical physics. . 
Research students, graduate, in chemistry 
and chemical engineering, 1933, The 
tenth census of. C. Hutt anp C. J. 
WEEN 5's. Sas slo's 00 she Wislole simere 
CORUM, Co ilk one aed do oeteeleias 
Research studies relating to the teaching of 
science. J. Preper (Ab) 
Resin varnish for gaa Urea. 
eo ere 
Resins, Synthetic, now made from pe- 
troleum. A. D. Camp (Ab).......... 
Resins from petroleum. ANON. (Ab)...... 
Resistance, Variable carbon. A. G. 
HAN AND C. L. Ment (Ar) 
“Resolved: that water is more essential to 
life than food’’ (E) 
Rhenium, The discovery of. 
Druce (C) 
Roads, Metal. Anon. (Ab) 
Réle of carotene in human health, The. 
A. F.C, Gramma GRt).. 6.0. cece 
Roman, Grecian and, stucco, mortar, and 
glass. W. Foster (Ar).............- 
Royal westaty 5 of Edinburgh, Fifty years ago 
in the. . THOMPSON CA nies 
Rubber, _ ih s. ANON. (Ab)........ 
Rubber balloons for dispensing gases. 
Have (Ar) 
Rubber coatings for abrasion and corrosion 
resistance. L. Cuurcn (Ab) 
Rubber latex—See The milk of human in- 
dustry (Ab) 
Rumford, Count, An unpublished paper of. 
L. M. H. Lowry, C. D. Lowry, Jr., 
AND J. R. MINER (Ar) sonics tenis te BG 4?o Sk 
Russia, Discovery and early history of 
patinne in. MENSCHUTKIN 
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187 
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59 
316 
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380 
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61 
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DEcEMBER, 1934 


SAFETY bulb for pipets. T.S. GARDNER 


KER (Ar 
Safety in the chemical laboratory. E. C. 
Po PR Oe Al apie 
St. Cosmas and St. Damian, patron saints of 
medicine and pharmacy. - HB. La- 
WE CBS occ Se etcce petro inen temo 
St. Petersburg program, Division of Chemi- 


Salt flowers on coal and other solids, Growth 
oC Hic ROAWEEN CARN, oc cscs scene 
Salts, Preparation of crystals of ay 
soluble. W. C. FERNELIUS AND K. 
Pee” Re Oe en, ara 
ee of olive oil. W. R. FEARON 
Scheme for conserving platinum wire, A. 
WH TORTI CR eo bs osc Cetiewosres 
Schematic tables to illustrate chemical 
equilibrium. A.S Frporow (Ar).... 
Science, A new interpretation of the func- 
tions of high-school. E. R. Downinc 
Science, Research studies relating to the 
teaching of. C. J. Preper (Ab) 
Science club to vitalize science teaching, A. 
W. C. Reusser (Ab) 


Science in South Carolina high schools. E. 
Wuitton (Ar) 
Science in the new secondary school. 
Brown (Ab) 
Science teaching, A science club to vitalize. 
C. REUSSER ( 

Science teaching, Trends in. bas M. BarTeE- 
MAN (Ar).. SAPS! oie 
anes fo centenaries in 1934. E. C. SmitH 


Scientific contributions of the de Elhuyar 
brothers, The. M. E. Weexs (Ar)... 
Scientific method in general chemistry 
laboratory work. I. D. Gararp (Ar). 
eee thinking, Measuring. V. H. Noii 


WE DEMT cw ecuee ett ce rere emacs 
Scott, Sir WEN CAR di iiniccre eats meas 
Sea water, The chemistry of. 

RAKESTRAW (Ab) 

Secondary education, Promoting—See If 
there were millions (Ab) 
Secondary school, Science in the new. H. 

E. Brown (Ab) 
Self-closing laboratory 

pee» i ee ere 
Sensitized photochemical reactions, 

introduction to. R. LivincsTon (Ar). 
Silicates—See The nature of portland ce- 
et rer re 
Silicates, soluble, On preparation to deal 
with. J. G. Vam (Ar). 
Silk—See An unpublished paper ‘of Count 

Rumford (Ar) 
Silliman, Benjamin, and the beginnings of 

chemistry at Yale. P. E. BROWNING 


(Ar) 


valve. 


413 
42 


170 
ONG Sao tes icc at clans 170, 173, 174 


Silver proves effective in water sterilization. 
pS Perr rey eee 

Silver standard, The. ANON. (Ab)....... 

Simple apparatus for preparing aldehydes, 
A. O.L. Bari (C) 

Simple presentation of the concepts of 
osmosis, osmotic pressure, and osmotic 
work, A. A. W. Davinson (Ar) 

Simple yet widely applicable trans 
number apparatus. E. M. C icaten thet 

Simultaneous standardization of 0.1 N HC f 
and NaOH using calcite. A. J. Ham- 
WN Os cetecss ccs aves a bernane 

Siphon for a hot- water bath, Constant- 
Pn G. R. YouE ann C. G. KECKLER 


SOIINIE CITT sooo cic das in divevnncewesscee 
Smoke screens, artificial, Experiments on 

the formation of. W. FiérKe (Ab). 
Soap bubble pipe, An oxy-hydrogen. H. 
~ ae AND T. H. HazLenursrt, 

Ar 

Sobolevskij, Petr. Grigorievié (P)........ 
cialism and chemistry, National. H. 
pT" rere reer 
Sodium bicarbonate, A simple proof of the 
different carbon dioxide content of 
sodium carbonate and. A. ROSSNER 
Sodium carbonate and sodium bicarbonate, 
A simple proof of the different car- 
bon dioxide content of. A. ROSSNER 


ea MRR hai SG SAGE NAS E SPR Bian alr 
Soil action, Protecting underground pipe 

lines against. K. H. LoGan (Ab).. 
Solvents. ANon. (Ab) 
Flammable—their 


499 
52 


245 


430 
61 
126 


Some economic aspects of chemical process 
development. C. Tyter (Ar 
South Carolina high schools, Science in. 
Bie MENON CIE igs core dcccice sane. 
South Dakota, Subjects taught by high- 
school chemistry teachers of. . E 
_DunBaR AND A. Manon (Ar) 
Soviet Union, Chemical industry’s advance 
5 CME CRN. ies 040 eee ne vee 
Spain, Chemistry in. M. L. Foster (Ar).. 
Special exercises for students in general 
caeenr. III. G. B. BacHMan 


Spectroscopic detection of isotopes and oy 
discovery of hydrogen two. 
Murpny (Ab) 
cine emma of, 1660-1734. ANON. 


Siena. New Mendeléeff................- 
Standard conditions, verona — for 
ae volumes to. E. STAVELY 
' aa ae pe Bere 
Standardization of 0.1 N HCl and NaOH 
using calcite, Simultaneous, A. J. 
er en ere 
Starchless potato induced by the mr 53 
tion for foreign enzymes, F. 
Suit AND H. Hrppert (Ab).........- 
Statistical data for chemical instruction 
covering 1931 and a part of 1932. 
Wi, PA COIN cncvccicecacwegsteces 
Sterilization, water, Silver proves effective 
in. ANON. (Ab 
Stiles, Ezra (P) 


Still, A Se ay water. J. G. HooLey 
AND N. W. F. Puriuips (Ar)........-- 
D. T. ROGERS 


ear A mercury seal for. 

Bere icine suc tge usec neuscees 4 

Story of indium, A. S. J. Frencu (Ar). 

Story of the formula for pyridine, The. 
L. DOBBIN (Ar).......0+20eeeeeesees 

Story of zinc, The. H. R. Hantey (Ar) 
III 


WO eiecss cctcgncawssudeckeamaree «4 
Stucco, mortar, and glass, Grecian and 
Roman. W. Foster (Ar)..........+-++ 
Students, graduate research, The tenth 


census of, in chemistry and chemical 





engineering, 1933. Hutt AND 
CF WE CBB) oie fe iicece ces twede 
COMME, iso ciicicbcse cite ccetat csees 
Study chemistry, Suggestions on how to. 
tO CMB oi cacnscwnisse caus s 
Study for undergraduates, Intensive. V. F 
iy lt” , rarer ree te 
Subject matter of el tary ch t 


proposed rearrangement of the. G. 
WakEHAM (Ar) 
Subjects taught by high-school chemistry 
teachers of South Dakota. E. 
DUNBAR AND A. MANON (Ar)......--- 
Success of college freshmen, Predictin 
H. Epps anp W. McCati (Ab). 
Suggestions on how to study chemistry. 
I Se ) Se inert 
om. . Pt Popocatepetl. 
Ar 


Sulfur under water in Louisiana, Mining. 


L. O’Donnpnt (Ab). ......%.-cscees 
Summer courses in chemical microscopy at 
Wiens ene deer deecenuawensoes 
Summer lectures at the University of 
ERR Cer err oC 
Superphosphate rey, New process gives 
improvement in. M. SHOELD (Ab). 


Supplying the a —e man- power for the 
new era. G. J. ESSELEN (Ar) 
Survey of the work of Gregory Paul Baxter. 
G. S. Forpes (Ar) 
Swain, R. E. (P) 
Syntheses, PROGR oc cece ccessccetaas 
Synthetic aliphatic chemicals industry, 
Chemical engineering builds a. EbirT. 
Srarr Report (Ab)......-.ccecccces 
Synthetic jewels. H. Esprc (Ab) 
Synthetic — now made from petroleum. 
A. D. Camp (Ab) 
System of cane and grading for quan- 
titative analysis, A. PIERCE 
AND E, L. HAENISCH (Ar). Be ee weak 


TALBOT, Henry Fox—See A photographic 
centenary (Ab)......ccccscccecceces 
Tangent meter, Easily constructed. R. M. 
HorrMan (Ar) 
Tantalum and niobium, Analytical chem- 
istry of. V. SCHWARZ (Ab 
Tantalum carbide—See Jewels of the ma- 
chine shop (Ab)........0-cccccceeess 
Teacher’s vow, The. L.C. NEwett (Ar).. 
Teachtrs, The training of high-school 
a, with a suggested curriculum. 
W. Fmt CAD) a0. oc cccccc scence 
Tenaliate, Types of useful organizations of 
science. W. L. EIKENBERRY (Ab). 
Teachers of South Dakota, Subjects taught 
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259 
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283 
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427 
270 
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33 
111 


223 


471 
542 


304 
516 


609 


528 
318 
304 
640 

61 


‘287 


378 
430 
273 
444 


654 
72 


126 
380 


380 


565 


632 
626 
530 
253 
100 


127 


by high-school chemistry. R. E. 
DUNBAR AND A, Manon (Ar)......... 
Teaching, Trends in science. G. M. 
BATEMAN (Ar).. 
eas ty freshman chemistry, Analogies i in. 
je ene 
Teaching general chemistry, The con- 
ference plan of. A. T. BAWDEN (Ar).. 


Teaching methods: 

Active and passive molecules and the 
nature of the mass action equilibrium 
I SE oo o5.0 5 ca SGR Ur oe eases 

— in teaching freshman chemistry 

Balancing chemical equations (C)...... 

Boiling-point correction (Ar) 

Conference plan of teaching general chem- 


NEUE CME Ngee et cate wenn Cakes +ei's 
Dispensing gases (Ar). . Pe ae 
~~ solvents—their " properties 

WECGLAL ACen VERE Re Vere rie cts se ce 


From concrete to abstract in elementary 
chemistry (Ar). 
a of ideas in ‘general chemistry 
Osmosis, osmotic pressure, and osmotic 
work (Ar 
Problem ow bd for independent study (C). 
Reactions of metallic hydroxides with 
bases (Ar) 
Safety in the chemical laboratory (Ar).. 
Schematic tables to illustrate chemical 
equilibrium (Ar) 
Scientific method in general chemistry 
laboratory work (Ar) 
— on how to study chemistry 


Teacher-training in demonstrations (B).. 
Testing ability to apply chemical prin- 
CUPMEMEE Gavsccdcceccsvoaceesscees 
Tin can chemistry (Ab) 
bs of tary Ramey 714 Future 
trends in the. J. A. Trmm (Ab) 
Teaching of science, Research studies re- 
lating to the. C. J. Preper (Ab)..... 
Teaching quantitative analysis, Problems of. 
M. G. MELLON anp J. P. MEuLIG (Ar) 
Tenth census hod graduate research students 








in and chemical engineering, 

ia The. C. Hutt ann C. J. West 

Fo) PPE ERE FO AEE Aol 
Correction 





Testing ability to apply chemical principles. 
B. C. Henpricks, R. W. TyLerR, AND 
PPO Go > ay) ne eae 
Testing the achievement of students in 
chemistry. A. G. Horney (Ar)..... 
Texas Christian college—See Academic 
freedom and tenure (Ab)............ 
ee, Some early. E. H. BRowN 


Themmanuanhabee, An improved. H. B 
pS rrr ere 
Thinking, Measuring scientific. V. H. 
NoLu Diiteectates wane ke wes ate 
Thinking, scientific, The habit of. V. H. 
MUNN CMR ero a ore a 6. & Wate bie ace ee arete be 


Time, Are we wasting our chemistry stu- 


dent’s? L. T. Lucas (Ab).......... 
Tin can chemistry. E. C. WEAVER (Ab).. 
Titration and neutralization reactions, 


Electrometric. I. General principles. 

(Ca AONE ORINP 5 fae haceeesceecess 
To the revival of an ancient pastime (E).. 
Tongue, An electric. ANON. (A 
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455 
168 
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304 
431 


611 
189 


189 
530 
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471 
542 
611 
360 
254 
448 
569 
530 
127 


127 
189 


486 


Trade announcements, 207, 256, 384, 434, 484, 672 


Training, What, industry expects of chem- 
ists and chemical engineers. G. W. 
us AS ee errr rr 

Training of high-school science teachers 
with a suggested curriculum, The. 
1 Oy eo | a ene 

Transport number apparatus, Simple yet 
wae applicable. E. CoLiiIns 

Tinedteah of students earning low grades. 

E. Brown AND R. R. Coons (Ar). 

Trends in science teaching. G. M. BATE- 
MAN (Ar)......00.eeseecccscseccsees 

Truth in advertising (E) 

Tungsten—See The scientific contributions 
of the de Elhuyar brothers (Ar) 

Turning the clock back (E) 

Types of graphic classifications of the ele- 
ments. G. N. QuAM AND M. B. Quam 
(Ar) I. Introduction and short tables. 

Te, Mec ctccteausctacccess 
ay Spiral, helical, and miscellaneous 





ULTRAMICROSCOPE as a student proj- 


ect, The. J. A. MILLER AND W. P. 
WPM CBE once nc ccccccecas tone 
Undergraduate organic laboratory chem- 
istry. E. F. Dsecerinc, R. F. Mc- 
Creary, AND A. R. Papcett (Ar) 
We DU ade bbs whececbuewekcecennee@es 


208 
127 


52 
579 
540 

2 
413 
258 

27 
217 
288 





684 


Undergraduates, Intensive study for. V. F. 
SS ae es ey, 

Unit operations, A new classification of. 
T Biv CEO (AR... oc ccicecst on ves 

Unknowns and grading for Bg ne 
analysis, A system of. . C. Prerce 
AND E. L. HAENISCH (Ar). verre eye ee 

Unknowns in qualitative analysis, Evaluat- 
ing. W. Marvow (Ar) 

Unlocking another door to nature’s secrets 
—vitamin C. W.A. WauGuH (Ar).. 

Unpublished paper of Count Rumford, An. 
L. M. 


H. Lowry, C. D. Lowry, Jr., 
AND J. R. MINER (Ar) TRS EA est 


Urea resin varnish for laminating. H. E 
rey 
Uses of food. ‘‘A classic of science.’”” W. 


O. ATWATER (Ab) 


VALENCE in inorganic en — 
tion of. A. Stock (Ab).. shots : 
Valve, Self-closing laboratory. D. — 
NNR UID so ica ats ksh 3 is pha sd Tavera Siew 
Van’t Hoff as a student, Portrait of....... 
Van’t Hoff-Ostwald photograph and other 
memories of Ostwald’s laboratory, The. 

A ee yer ae 
wou me micro-detection of gases and. 
BLANK (A ERP RRR rr errr 

Variable carbon resistance. A. G. FRUE- 
man anp C. L. Mum (Ar)..........+ 
Varnish for laminating, Urea resin. 2 
SRRMOICEIEIE SREDD 5-0 10.0 0.cinerenn:e 2 oso 0 
MATER ROD 5-5. ae-:5:9 0-046 ee asese 
Victor Meyer apparatus. J. A. Coss (Ar). 
Victor Fer apparatus, Modification of. 
ee”. er eee 
Vinylite” Anon. (Ab) ‘ 





Virgin Mary as the patroness and | protec- 
tress of pharmacy, The. C. H. La- 
Eas ax bs ik nem oa oa oieb 


481 


565 
109 


558 
530 
127 


668 


310 
210 


Visual aids: 
Films, non-theatrical (B).............. 
Vitamin A—See The réle of carotene in 
human health (Ar) 
Vitamin A, Recent contributions to our 
knowledge of the chemistry of. M. T. 
WOGRET CRE arcs cet pasectnekitrags 
Vitamin C. F. Mricwmagt (Ab)........... 
Vitamin C, Unlocking another door to 
nature’s secrets. W. A. WauGH (Ar). 
Vocations in chemistry. F. E. Watt (Ar). 
Volume of gases and vapors with tempera- 
ture and pressure, Determination of 
the change in. H. Petrzo_tp anp R. 
DOMAR (A)... 625 oer. cee cee eins 


Volumes to standard conditions, Simple 
equation for converting. ake | 
|: ear eee 

Volumetric oxidizing agent, A new. P. 


boo. Bld RRS PP en ee ee eee 
Vow, The teacher’s. L. C. News tt (Ar).. 


MPAAGE, PUP). oi obec snic os dure tines a 65re 
Walden, Paul, The seventieth birthday of. 
P. GUNTHER (Ab) 
Walton, Frederick. Centenary of the birth 
of the inventor of linoleum. R. D. 
Ppa LAW sos oak.ec kcars ra ees-ce ows 
Wasting our chemistry student’s time, Are 
wet 1.10. TACABAAD)..... osnicsesces 
Watch glasses, Counterpoising. 
ee rere ane 
Water, heavy, The biology of. 
RE son cee wise dels Bhees 60% 
Water blower. A. J. MEE (Ab).......... 
Water sterilization, Silver proves effective 
in. ANON. 
Water still, A convenient. J. 
AND N. W. F. PHILirrs Sg ee eae 
Weighing procedure, A _ novel. 
RMAME MARIS S:2 8655 5 fan open a ReaSrs 





13 
203 
126 


69 
96 


61 


283 


466 
100 


321 
127 


482 
127 
502 


316 
481 


631 


Ware. GAP os etn divnidniene snes 
What a student of the history of chemistry 
res see and doin Paris. T. L. Davis 
WSs is 05.5.6 5 ee Finck soe Halen sohaea eas 
What starts precipitation from a super- 
saturated solution? J. DUNNING AND 

P. Pratt, witH O. E. Lowman (Ar). 
What training industry expects of chemists 
Ww. 


and chemical engineers. 
pS Ge A See 
What’s wrong with chemical education? 
Be, Wr AE TRO a iev n s ky mene 4 
Why some students do not elect chemistry. 
Ree NN UNIS taco co acons, Stn rs c ¥-2r a ROS 
MA RSID ao 5g 6 alae sasha adie .s'S ees ccttaa e 
Winthrop, ARNE PERCE s,s. a ttn, os hic, oe ns 
Wohler monument (P).................. 
Wollaston, William aaa F.R.S. 1777- 
BUI ic. ROO. MIN Gin 6 5-00 btcos Sabu ae 


Wood, The utilization 4 for the production 
of foodstuffs, alcohol, and _ glucose. 
F. Bercius (Ab) 
Wood distillation in the laboratory. 
Br. Hormispas (Ar) 
ba een model. 


““W. B. Sanrorp 


Words.” chemical, The pronunciation of. 
E. J. CRANE (Ar) NOPD DN SENG Lig H uty! bode 
RE I i503 cob 6 cede eRe nets vee ie 


X-RAYS, The chemical action of. P. 
GONTHER CABO ais. Soh ce ee 


YALE, Benjamin Silliman and the be- 
ginnings of chemistry at. P. E. 
ROWING CAL). 6acccale Pele vice’ taney 


ae The story of. H.R. Hanvey (Ar) 
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